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his report is the outcome of a country study conducted under the ALGAS 
project by Pakistan. ALGAS, which stands for “Asia Least-cost Greenhouse T Gas Abatement Strategy,” is a study by 12 Asian countries of national 

emissions of greenhouse gases (GHGs) in 1990, the projections of GHGs 
emissions to 2020, and an analysis of GHGs abatement options in different 
economic sectors. The study includes the formulation of national GHGs 
abatement strategies consistent with national development priorities, and the 
preparation of a portfolio of GHGs abatement projects and national action plans 
embodying national development objectives. 

The ALGAS project was executed by the Asian Development Bank (ADB) 
during 1995-1998 with funding of about $9.5 million from the Global 
Environment Facility (GEF) through the United Nations Development Programme 
(UNDP). The ADB also provided supplemental funding of $ 592,000. The 
Government of Norway and the Governments of participating countries likewise 
provided financial and in-kind contributions, respectively, to the project. With a 
budget of more than $10 million, this is the largest regional technical assistance 
project executed by the ADB. Apart from Pakistan, the countries involved in the 
study are Bangladesh, People’s Republic of China, India, Indonesia, Republic of 
Korea, Mongolia, Myanmar, Phdippines, Thailand, Viet Nam, and the Democratic 
People’s Republic of Korea (DPRK). For DPRK, the country study is being 
executed by the United Nations Economic and Social Commission for Asia and the 
Pacific (UN ESCAP). Together, these countries contain more than one half of the 
world’s population. The ALGAS project was designed to assist the countries to 
meet their commitments under the United Nations Framework Convention on 
Climate Change. 

A team of national technical experts (NTEs) undertook each country study, 
with the active involvement of Governments through a designated national 
counterpart agency (NCA). The NTEs were drawn from different institutions of 
each country, and were assisted in their tasks by a team of international technical 
experts (ITEs). The ALGAS project involved a number of regional capacity- 
building activities, including training workshops on GHGs inventory preparation, 
analysis of GHGs mitigation options, empirical measurements of methane from 
rice paddies, analytical modeling of the energy and forestry sectors, and the 
preparation of project prefeasibility reports. It also included study tours, supply of 
equipment, and a regional database. A regional thematic support group of experts 
who have contributed to the study was organized to help continue cooperation 
among the participating countries. The Environment Division, Office of 
Environment and Social Development of the ADB, with the active support of 
UNDP-GEF, coordinated the study. The UNDP country offices provided significant 
logistics support and encouragement to the NTEs teams. 

In the case of Pakistan, the NCA was the Ministry of Environment, Local 
Government  and Rural Development. The NTEs team, which was led by experts 
of Hagler Bailly Pakistan, included experts of Asianics AgroDevelopment 
International, and Enteprise and Development Consultants. The Deutsche 
Gesellschaft fur Zusammenarbeit (GTZ) GmbH supported the ALGAS project in 
Paksitan by funding the component  on GHGs inventory preparation. At different 
stages of the study, the NTEs team conducted several national workshops in 
which interim results were presented and feedback obtained from government 
agencies, industries, researchers, and NGOs. 

in association with Asian Institute of Technology (Thailand); Australian Bureau of 
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Agricultural and Resource Economics; Hagler Bailly Services (US); ICF Kaiser (US); 
and Lawrence  Berkeley National Laboratory (US). A number of institutions in the 
participating countries  helped conduct  various  capacity -building  activities. The 
ITES team included several members from the region who were concurrently 
members of their respective NTEs teams. A group of independent international 
reviewers carried out peer reviews of each country study. 

The completion of this report, together with its companion  volumes on the 
other 11 participating countries and the Regional Summary report, is an indication 
of the success of this regional collaborative effort. Each country report comprises, 
besides an executive summary, chapters on country background; an assessment 
of energy, forestry and land- use change, and agriculture sectors; formulation of a 
national least-cost GHGs abatement strategy; a portfolio  of  least - cost GHGs 
abatement projects, a national GHGs action plan; and recommendations  and 
future actions. It is hoped that the ALGAS reports would be useful to 
policymakers, multilateral and bilateral development agencies, the private sector, 
and researchers  in the field both from within and outside the region, particularly 
those involved with climate change issues. 

Asian Development Bank 
Global Environment  Facility 

United Nations Development Programme 

Hagler Bailly Pakistan 

Haider, Waqar Haider, Shaheen Khan, Jamil Masud, Shahrukh Pracha, 
Abdul Razzaq, Tayyab Sharif, Tashfeen Sohail, Vaqar Zakaria (Project 
Coordinator/Team Leader) 

Asianics Agro Development International 

Safiya Aftab, Ahmed Afzal, Rizwan Afzal, Mohammad Ashfaq, Sajad 

Yusuf Chaudhry, Haleem ul Hasnain, Azam Malik 

Enterprise and Development Consultants 
Maleeha Hussain 

Alternative Energy Development, Inc. US 

CERI Curves), Keith Openshaw (Forestry) 

Asian Institute of Technology, Thailand 

Matthew Mendis (Team Leader), Marcia Gowen (GHGs Mitigation, 

Thierry Lefevre (EFOM/ENV and MEDEE- S/ENV  Modeling) 

Australian Bureau of Agricultural Resource Economics 
Brian Dawson, Barry Naughton, Kenneth Noble (MARKAL Modeling) 
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Bangladesh University of Energy and Technology 
Ijaz Hossain (GHGs Mitigation) 

Hagler Bailly Services, US 
Amit Bando (National Work Plans, Project Development) 

ICF Kaiser, US 
Craig Ebert, Barbara Bratz (GHGs Inventory) 

Indian Institute of Science, India 
N.H. Ravindranath (Forestry) 

International Rice Research Institute, Philippines 
Rhoda S. Lantin (Agriculture) 

Lawrence Berkeley National Laboratory, US 

Curves, Project Development) 

National Physical Laboratory 
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Jim Penman (GHGs Inventory) 
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he Asian Development Bank (ADB) and the United Nations T join in working on the Asia Least - cost Greenhouse Gas Abatement 
(ALGAS) Project. This is one example of our successful collaboration. We are 
particularly gratified to note the hard work put in by the country project 
teams and the international consultants to achieve a successful outcome of 
this Project. The commitments shown by the participating parties is a 
positive sign that efforts will be carried forward into follow-up work. We 
believe that this Country Report, the ten accompanying Country Reports, 
and the Summary Report, which have been released on the occasion of the 
Fourth Meeting of the Conference of the Parties to the United Nations 
Framework Convention on Climate Change in November 1998 in Buenos 
Aires, will be useful to the policymakers, donor agencies, researchers, and 
the broader Climate Change community. We hope that they will lead to 
further concrete steps by all of these parties to ensure that the work 
undertaken to date will bear fruit in significant action to mitigate climate 
change. 

Development Programme (UNDP) are pleased to have had the  opportunity to 

Kazi F. Jalal Nay Htun 
Chief, Office of Environment 
and Social Development 
ADB Headquarters UNDP Headquarters 
Manila, Philippines New York, USA 

Assistant Administrator and 
Regional Director for Asia and Pacific 
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he Earth Summit of 1992 highlighted environmental issues in the 
context of the development policy discourse, especially where T developing countries were concerned. Pakistan responded to the 

issues raised at the Rio Summit through a National Conservation Strategy 
(NCS), which was completed in 1992, through a process of consultation that 
was unprecedented in the history of policy making in Pakistan. The Strategy 
was a comprehensive account of the state of the country’s environment. 
However, the initial momentum unleashed during the process of formulation 
of the Strategy has not been carried through the implementation stage. There 
is much that still needs to be done to conserve the environment. 

Agriculture is the single largest sector in Pakistan’s economy, and some 
of the most pressing environmental issues the country is faced with relate to 
this sector. On an average, 137 million acre feet (MAF) of water is available 
for irrigation each year from surface water sources, while another 46 MAF is 
available annually from recharged groundwater sources. About 90 percent of 
the country’s crop output comes from irrigated areas, yet Pakistan is 
estimated to be short of up to 3.5 MAF of water in the winter season. On- 
farm water utilization is generally inefficient, and up to 70 percent of 
diverted water is lost in canals or watercourses. Outside the Indus Basin, 
sharp declines in groundwater levels are evident, a situation which has 
serious implications for sustainable development initiatives in these areas. 
The poor drainage system and mismanagement of water resources have also 
resulted in soil degradation and an increase in waterlogging and salinity. A 
third of the agricultural land surveyed is affected by either water, wind 
erosion, or salinity and sodicity. A staggering 96 percent of arable land does 
not contain the full spectrum of organic matter needed for optimum 
agricultural productivity. 

The depletion in the forest cover is another major area of concern. Area 
classified as forest occupies 4.5 percent of the total land area; however, less 
than 30,000 sq km of this land is estimated to actually have tree cover. 
Deforestation rates are estimated at an unsustainable 0.2 percent to 0.4 
percent per annum. While illegal logging has had much to do with the rapid 
depletion of forest cover, the encroachments made by village communities 
have added to the problem. According to the Forestry Sector Master Plan, 
afforestation rates have increased from 70 million saplings per annum in the 
1970s to 250 million in the current decade, but unless effective controls on 
illegal timber extraction are implemented soon, net increases in tree cover 
are unlikely to occur. The watersheds in the Northern Areas and the  
North-West Frontier Province (NWFP) also have unfavorable soil and moisture 
regimes, which have added to soil erosion and loss of vegetation in these 
areas. Rangelands, too, have been severely degraded, and almost 90 percent 
of rangelands in the country show signs of overgrazing. 

“Green” issues are central to Pakistan’s environmental problems, yet the 
country’s earliest environmental programs were formulated in response to 
“brown” problems such as industrial and domestic wastewater pollution and 
air pollution through industrial activity, motor vehicle emissions, etc. The 
major constituents of urban air pollution consist of particulate matter, sulfur 
dioxide (SO2), carbon monoxide (CO), nitrogen oxides (NOx), volatile 
organic compounds (VOCs), and lead. In the rural areas, emissions of 
particulate matter and VOCs from the combustion of firewood and biomass are 
of major concern. Data on concentrations of these pollutants are very scarce, and 
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systematic studies on exposure levels for populations at risk have yet to be 
conducted. Limited data indicate that concentrations of air pollutants above 
the levels acceptable for human health have already been surpassed in 
urban areas with high traffic levels, and in the vicinity of industries such as 
steel mills and brick kilns. Street samples taken in Karachi as early as 1971 
showed CO levels in the range of 3 to 35 parts per million (ppm). Similarly, 
in Lahore, CO levels increased from 1 to 10 ppm in a 1974 sample to 
approximately 30 ppm in 1984. Levels of NOx at busy road locations in 
various cities in Punjab in 1994 were found to exceed internationally 
accepted standards. 

inefficient country. The country produced 2.8 million toe (tonnes of oil 
equivalent) of crude oil in 1995-1996 and imported another 4.4 million toe. 
Petroleum products now account for approximately 43 percent of primary 
energy supply in the country, as compared to 38 percent in 1990-1991. The 
relative shares of oil and gas in energy supply have been changing over 
time, with petroleum products overtaking natural gas as the primary source 
of fuel. Much of this increase in the share of petroleum can be attributed to 
the increased consumption of fossil fuels in power generation, as more 
thermal power generation projects are set up and existing facilites are
expanded. Once again, even within the thermal power generation sector, 
there has been a shift towards oil-powered generation units, which now 
account for over 50  percent of thermal power generated. There is a potential 
market for energy- efficient appliances and renewables, as energy prices 
have been rising steadily. However, this market has never been fully 
explored, and research and development in renewables has remained static. 

Pakistan ratified the United Nations Framework Convention on Climate 
Change (UNFCCC) in June 1994. As of August 1994, the country is legally 
bound to fulfil the contractual obligations of the UNFCCC, which include the 
preparation of an inventory of GHGs emissions, and a commitment to 
undertake an emissions abatement program. The ratification of the UNFCCC 
has lead to the undertaking of activities such as the Pakistan National 
Greenhouse Gas Emissions and Sinks Study, the Asia Least-cost Greenhouse 
Gas Abatement Strategy (ALGAS) Project and the country study on climate 
change impacts and adaptation assessment. 

The National GHGs Emissions and Sinks Study was prepared by Hagler 
Bailly Pakistan (HBP) as a part of the ALGAS project. The study consisted of 
a preliminary inventory of GHGs emissions for Pakistan and was presented 
to the Ministry of Environment in August 1996. The estimates in the report 
were largely based on the default emissions factors recommended by the 
Inter-Governmental Panel on Climate Change (IPCC). 

The ALGAS project being implemented by the Asian Development Bank 
(ADB), and funded jointly by the Global Environment Facility (GEF), the ADB, 
and (for Pakistan) the Deutsche Gesellschaft fur Technische Zusammenarbeit 
(GTZ) GmbH, aims to provide a framework for 12 selected countries in Asia to 
enable them to develop a comprehensive program to quantify, and eventually, 
to reduce GHGs emissions. The National Technical Experts team was 
responsible for completing the tasks specified under the ALGAS project, 
including the preparation of an inventory of GHGs emissions and the 
assessment of mitigation options, and development of a least-cost abatement 
strategy. The Ministry of Environment, Local Government and Rural 
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Development is the National Counterpart Agency for the project. The ALGAS 
project is the first comprehensive national project on climate change that both 
covers the quantification of emissions and sets out a long-term emissions 
reduction program. 

TABLE 1-1 
SUMMARY OF PAKISTAN'S 

NATIONAL GHGs INVENTORY 

FOR 1989-1990 

A Fuel Combustion                                              62,625.4                         0             135.2             0.1             417.5             6,756.9             122.9 

Energy& Transfonation Industries               16,531.6                        0                 0.7             NA               49.9                    5.9                 NA 

Industry (ISIC)                                                    20,666.0                         0                 0.4                0               60.4                135.5                    0 

Transport                                                            14,029.6                         0                 0.1           0.02             208.8                799.9             118.8 

Small Combustion                                            11,396.2                        0                 0.4             0.1               13.2                  11.4                 4.1 

77,447.8                         0             133.4             NA               85.3             5,804.2                 NA
Traditional Biomass Burned for 
Energy 

           0                         0             188.2                0                    0                       0                    0 B Fugitive Emissions from Fuels

Solid Fuels                                                                      0                         0                 3.0                0                    0                       0                    0   

          0                         0             185.2                0                    0                       0                    0  

           0                         0          1,617.4                0                    0                       0                    0 A Enteric Fermentation

B Manure  Management                                                   NA                      NA                 NA             NA                 NA                    NA                 NA 

       0                        0             526.0                0                      0                     0                    0  C Rice Cultivation

D Agricultural Soils                                                           NA                      NA                 NA             NA                NA                    NA                 NA 

E Prescribed  Buming of Savannas                             NA                      NA                 NA             NA                 NA                    NA                 NA 

      0                        0                 2.6             0.1                 1.9                  54.5                    0 
F Field Buming of Agricultrual 

Residues 

B Forest and Grassland Conversion                                 NA                      NA                 NA             NA                 NA                    NA                 NA 

C Abandonment of Managed Lands                                 NA                      NA                 NA             NA                 NA                    NA                 NA 

A Changes in Forest and Other 
Woody Biomass Stocks 

A Solid Waste Disposal on Land                                         0                         0             201.0                0                    0                       0                    0   

B Wastewater Treatment                                                  0                         0               18.6                0                    0                       0                    0   

C Waste Incineration                                                    NA                      NA                 NA             NA                 NA                    NA                 NA 

Note: CO2 emissions  from traditional  biomass burning are not included in subtotals and 
the national total. 
Bunker fuel emissions are not included in the national total. 
NA stands for ‘non-applicable.’  

Source: HBP, 1998a 

The Pakistan National Inventory of GHGs Sources and Sinks for 1989-90 is 
summarized in Table 1-1. The national inventory was prepared using the 
reporting format and methodologies recommended by IPCC. The inventory of 
GHGs emissions was prepared for the following GHGs emissions source 
categories: energy, industrial processes, agriculture and livestock, forestry and 
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Greenhouse Gas Source and sink 
Categories 

CO2 
Emissions 

Gg 

CO2 

Removals 
Gg 

CH4,
Gg 

N2O, 
Gg 

NOx, 
Gg 

CO2 
Gg 

NMVOCS 

Gg 

72.188.2                         0           2689.0             0.2             419.3             6,811.4             122.9 Total National Emissions and 
Removals 
1. All Energy (Fuel Combustion + 

Fugitive) 
62,625.4                         0             323.4             0.1             417.5             6,756.9             122.9 

II. Industrial Processes     3,732.8                         0                    0                0                    0                       0                    0 

III. Solvent and Other Product Use                      3,732.8                      NA                 NA             NA                 NA                   NA                 NA 

IV. Agriculture                                                                      0                         0          2,146.0             0.1                 1.9                 54.5                     0 

V. Land Use Change & Foresty                              9,830.0                          0                    0                0                    0                       0                    0 

VI. Waste                                                                               0                          0             219.6                0                    0                       0                    0 

                                 9,830.0                         0                    0                0                    0                       0                    0 
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land-use change, and waste. In the completed inventory, CO2 emissions were 
calculated using both the IPCC (1995a) prescribed Reference Approach and 
the Detailed Technology-based Approach. The Reference Approach reports 
the inventory of CO2 emissions according to the type of fossil fuel. However, 
by itself, the Reference Approach provides an inaccurate account of CO2
emissions. This is because fuel consumption in certain sectors, or at specific 
end-use levels, is not accurately reported, or does not account for distribution 
losses. As such, the Reference Approach remains limited in its ability to guide 
the development of mitigation options, as the sectors of fossil fuel 
consumption are not identified in this approach. The Detailed Technology- 
based Approach, on the other hand, calculates CO2 emissions at the levels of 
specific end-use activities, processes or technologies.  As such, it identifies the 
level of GHGs emissions in each productive sector, e.g., agriculture, 
transportation, industry, fertilizer, power, etc., and more accurately reports CO2 
emissions in Pakistan. 

Sector-wise results of the GHGs inventory place the energy sector as the 
most significant contributor to GHGs emissions, accounting for 62,625 Gg or 
over 82 percent of the total of 76,188 Gg of CO2 emitted during 1989-1990. The 
sources of these emissions were mainly fuel combustion activities in industry, 
the power sector, and transportation, and small combustion in the agricultural, 
commercial, and domestic sectors. Fuel combustion activities and fugitive 
emissions from fuels also released non-CO2 emissions, notably CO. Almost 
800 Gg of CO was emitted from fuel combustion in the transportation sector. 
An additional 5,804 Gg of CO was also emitted from the burning of traditional 
biomass for fuel. Other non-CO2 gases, i.e., methane (CH4), nitrous oxide 
(N2O), NOx and non-methane volatile organic compounds (NMVOCs), were 
also emitted through fuel combustion activities. 

of CO2 emissions. Of the total CO2 released during 1989-1990, 9,830 Gg or 13 
percent was emitted from changes in forest and other woody biomass stocks. 

Industrial processes were the third leading contributors to CO2 
emissions—–3,733 Gg of CO2 was released from cement production, the only 
industrial process considered in the current (1989-1990) inventory. 

Agriculture and livestock accounted for 2,146 Gg or almost 80 percent of 
the total 2,686 Gg of methane emitted during 1989-90. Specifically, enteric 
fermentation in domestic livestock released over 1,617 Gg of CH4 i.e., 75 
percent of the total methane emitted from this sector. Rice cultivation released 
526 Gg or the remaining 25 percent. 

In terms of emissions, CO2, as stated above, contributed most significantly 
to GHGs emissions in Pakistan in 1989-1990. CO2 was followed by CO and 
CH4. Over 85 percent of CO emissions stemmed from the burning of 
traditional biomass fuels. Other  GHGs (N2O, NOx, and NMVOCs) are emitted 
in almost all of the five GHGs source categories considered but their share in 
GHGs emissions is negligible, compared to CO2 and CO. Over 219 Gg, or 8 
percent of the total methane, was emitted in the waste sector from solid waste 
disposal on land and commercial and industrial wastewater treatment. The 
remaining methane was emitted from energy-related activities; notably, 
fugitive emissions from oil and gas, and coal mining and handling, emitted 
over 188 Gg of methane during 1989-90. Over 133 Gg of methane was also 
emitted from burning traditional biomass fuels. 

Forestry and land-use change was the second most significant contributor 
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Although traditional biomass burned for energy accounted for over 77,447 
Gg of CO2, this estimate was tabulated but not included in the GHGs 
Inventory total discussed above or in the relevant summary sections of this 
inventory. This was done in accordance with the IPCC (1995c) guidelines on 
reporting the GHGs inventory. The rationale for excluding CO2 emissions from 
burning traditional biomass fuels appears in Section 1.7 of the IPCC (1995b). 

Traditional 3.6% 0.8% 0.6% 

Other Fuels 5.5% 2.3% 3.0% 

Industry 25.5% 31.9% 7.7% 

Power 23.8% 29.9% 7.7% 

5.7% 5.8% 6.8% 

The baseline projections of national GHGs inventories to 2020 for the 
energy sector show that natural gas contributes to 36.6 percent of CO2 
emissions in 1995, followed by 22.9 percent for diesel, 17.7 percent for 
furnace oil, and 10.3 percent for coal. By the year 2020, the shares of furnace 
oil and coal are expected to expand to 39.1 percent and 20.9 percent, 
respectively, while that of natural gas is expected to shrink to 10.6 percent, 
and those of gasoline and diesel are expected to remain at 4.2 percent and 
22.1 percent, respectively (Table 1-2 and Table 1-3). 

sectors contribute to the bulk of the increase in GHGs emissions inventory. 
Availability of natural gas decreases as domestic reserves are depleted. 
Imported fuel oil and coal will help in meeting fuel demands in power and 
industry sectors, which will contribute significantly to an increase in the 
GHGs emissions. In the transportation sector, the demand for diesel is 
expected to grow at a rate faster than that for gasoline. This is attributed to 
subsidized prices of diesel, which is sold at about half the price of gasoline 
in the market. 

High growth rates in the industry, power generation, and transportation 
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TABLE 1-2 
CO2-E QUIVALENT E MISSIONS BY 

FUEL (PERCENT OF TOTAL) 

TABLE 1-3 
CO2-EQUIVALENT EMISSIONS BY 

SUBSECTOR FOR ENERGY 

CONSUMPTION (PERCENT OF 

TOTAL) 
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NATIONAL GHGS 
INVENTORIES TO 2020 
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Fuel 1995 2020 Cumulativ e Growth 
Rate, 1995 - 2020 

Coal 10.3% 20.9% 9.8% 

17.7% 39.1% 10.2% Fumance Oil 

Diesel 22.9% 22.1% 6.6% 

Natural Gas 36.6% 10.6% 1.6% 

Gasoline 3.4% 4.2% 7.7% 

Transportation 22.5% 20.8% 6.4% 

Household 12.4% 7.8% 4.8% 

Agriculture 

Fugitive 10.0% 3.8% 2.6% 

Sector 1995 2020 Cumulative Growth 

Rate, 1995 - 2020 
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In the agriculture and livestock sectors, potential factors that are likely to 
determine future emissions include the growth in the population of livestock 
and the area over which rice is cultivated. While estimates of livestock 
population growth were prepared using historical growth rates, the area under 
rice cultivation is expected to stabilize around the current level of 2.1 million 
hectares (mha). The primary reason for this is the shortage of irrigation water. 
In the absence of a notable change in the provision of irrigation facilities, the 
area under rice cultivation cannot be expected to register substantial increases. 
As rice is an important cash as well as food crop, area under cultivation is not 
expected to fall significantly either, in the next two decades at least. Future 
increases in crop output are expected to accrue from productivity increases, 
i.e., increases in yield per ha rather than increase in area sown. 

The GHGs options developed are listed in Table 1-4, along with their 
emissions reductions potential and incremental costs. Given that the 
energy sector is the most prominent among the sectors considered in the 
GHGs inventory, most of the mitigation opportunities considered also 
relate to this sector. Within the energy sector, the areas of action 
considered include residential and commercial energy consumption, 
industry, transportation, power, renewables, etc. 

TABLE 1-4 
RANKING OF OPTIONS BY 

INCREASING COST 

Improved feed for livestock (MNB) -45.9 26.1 26.1 

-20.7 42.0 220.7 

Reduction in electricity T&D losses -13.2 128.4 426.5 

Reforestation in coniferous forests -7.6 21.8 581.5 

PAGE  8 PAKISTAN 

Greenhouse Gas Mitigation Options 

Average 
Incremental 

GHG 
Mitigation  

Cost, $/tonne  

CO2 

Potential 
CO2- 

equivalent  

Abated,  

million 
tonnes  

Cumulative CO2- 
equivalent 

Reduced by 
Mitigation Options, 

million tonnes 

Cogeneration -27.6 105.8 131.9 

Commercial plantations -23.9 10.0 141.9 

Energy efficient lighting system -21.9 36.8 178.7 

Energy efficient fans 

Energy efficiency improvements in 
tubewells -15.2 77.5 298.2 

Energy efficient motors -12.5 5.3 431.8 

Energy efficient refrigerators -11.2 7.6 439.4 

Energy efficient boilers -10.5 25.7 465.1 

Riverain forest plantations -10.4 17.0 482.2 

Waste-to-energy generation -10.3 2.2 484.4 

Energy efficiency improvements in 
water heaters  -9.2 2.5 487.0 

Energy efficiency improvements in 

tractors 

-7.8 72.8 559.7 
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Solar water heaters -5.0 4.4 637.6 

26.0 71 7.3 Enhanced natural regeneration in 
coniferous forests 

-3.1 

Reduction in gas T&D losses -1.4 130.8 849.2 

Agroforestry / Social forestry -0.4 276.4 1,152.9 

0.02 92.8 1,318.7 
Methane reduction from rice paddy 
fields 

Rangeland management 0.6 80.2 1,462.3 

Wind power generation systems 1.3 1.5 1,487.2 

238.3 1,735.2 
Substitution of oil & coal with 
natural gas 

2.4 

Solar photovolatic systems 28.3 0.6 1,842.4 

The residential and commercial energy consumption accounts for almost 24 
percent of total energy consumption in the country. while this share has 
remained roughly constant over the last six years or so, the growth rate of 
energy demand in the sector has been fairly high on average. The growth rate of 
electricity consumption in the residential subsector alone is estimated at an 
annual average of over 10 percent. Much of the growth in energy demand in 
these subsectors is attributed to the rural electrification programs that have been 
carried out by successive governments in recent years. However, the high rate of 
rural-urban migration and increase in disposable incomes have made an impact 
in the form of an increased demand for lighting systems and household 
appliances. The most commonly used appliances include electric fans and 
refrigerators —an estimated 1.6 million fans are sold in the country every year. 
Similarly, the estimated annual growth rate of sales of air conditioning units, 
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Greenhouse Gas Mitigation Options 

Average 

Incremental 

GHG 
Mitigation 

Cost, $/tonne 

CO2 

Potential 
CO2- 

equivalent 
Abated, 
million 
tonnes 

Cumulative CO2
-
 

equivalent 
Reduced by 

Mitigation Options 
million tonnes 

Improved engine maintenance 
practices 

-5.3 51.6 633.2 

Waste heat recovery systems -4.2 53.7 691.3 

Mini-micro hydel plants -2.1 1.0 718.4 

Plantations on agricultural land -0.6 27.4 876.6 

Forest protection in coniferous 
forests -0.2 73.0 1,225.9 

Watershed plantation 0.3 63.4 1,382.1 

Improvements in vehicle 
maintenance 

0.7 23.4 1,485.7 

Improvements in building design 1.9 9.8 1,496.9 

Improvements in engine design 11.6 106.6 1,841.8 
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though classified as luxury items, is close to 14 percent. The identification of 
suitable mitigation options becomes particularly important for these subsectors, 
as the demand for household appliances in general is expected to grow 
substantially over time. Five alternatives were identified as possible mitigation 
options for the residential and commercial subsectors. These include the 
introduction of energy efficient appliances such as refrigerators, fans, and water 
heaters, and measures to popularize energy efficient lighting systems and 
building designs. 

accounting for up to 38 percent of total energy consumed. Over the past 
decade, there has been a gradual shift in the mix of fuels used in this subsector 
with petroleum products accounting for 27 percent of fuels used in 1995, as 
compared to 17 percent in 1990. This increase in the use of petroleum products 
is likely to translate directly into increases in emissions of CO2 as well as other 
contaminants. The equipment currently in use adds to the problem. Boilers, 
which are used extensively in textile, fertilizer and food processing industries, 
among others, account for 35 percent of total energy consumption in the sector. 
Import of used equipment such as industrial boilers is frequent, (imported 
secondhand boilers are estimated to constitute 50 percent of the total number of 
boilers in use), as this serves to reduce capital cost. Maintenance services are 
generally inadequate, and very few operators are properly trained in handling 
machinery to maximize efficiency. The mitigation options assessed for industry 
included the introduction of efficient boilers, the installation of efficient motors, 
the installation of waste-heat recovery systems, and cogeneration. In addition, 
the introduction of energy efficient irrigation pumps in agriculture was also 
assessed as an option. The options were chosen with reference to the energy 
saving potential of each, and its relevance to the domestic industry structure, 
and, in the case of irrigation pumps, to productivity in agriculture. 

The share of the transportation sector in total energy consumption in the 
country is estimated at 32 percent, thus making it the second largest energy 
consuming sector after industry. Emissions from the subsector are estimated to 
be substantial, as road transportation, the most common form of transportation 
in the country, relies almost exclusively on petroleum products. While virtually 
no expansion has taken place in the railway network, the number of cars on the 
road in 1995 was 279 percent higher than that in 1981, and the average annual 
growth in the number of cars was almost 8 percent per annum over the last 
fifteen years. Most of the vehicles on the road are not in the best condition-50 
percent of the motor vehicles currently in use in the country are over ten years 
old. Furthermore, 72 percent of the road transportation is diesel driven, and the 
maintenance of diesel vehicles in the country has traditionally been substandard, 
due to the high costs of diesel engine maintenance. Two-stroke engines, which 
tend to emit greater amounts of unburned hydrocarbons and particulate matter, 
are used in over half of the total vehicles on the road. Road conditions in the 
country are generally substandard, and necessitate driving at relatively low 
speeds even over long distances; this practice contributes to the rapid 
deterioration of engines. Vehicle maintenance facilities are not adequate and are 
largely confined to larger cities. There is a shortage of personnel properly trained 
in state-of-the-art vehicle maintenance procedures. Consequently, many private 
cars, and a majority of transport and freight vehicles, are poorly maintained. The 
problem has been compounded by the absence of fuel quality standards. In 
addition, motor gasoline and diesel used in the country have relatively high lead 
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and sulfur content. 

promotion of improved engine maintenance practices, i.e., establishing facilities 
to promote regular engine tune-up; (ii) the promotion of standard vehicle 
maintenance procedures, such as checks on wheel alignment, brakes, clutch, 
etc., and (iii) improved engine design, or the introduction of energy-efficient 
engines in the market.1 The last option was considered separately for transport 
vehicles and for tractors. Options such as the introduction of improved mass 
transit systems or improvements in traffic management, etc., were not analyzed, 
as these alternatives are associated more with urban planning issues than with 
energy efficiency. Similarly, the introduction of fuel cell technology in engine 
design was not explored as an option, as much of this technology is relatively 
new and untested. 

Power generation was analyzed as a separate subsector, as the power 
generation industry has certain unique characteristics that merit an in-depth 
study. The country is presently in the process of initiating an extensive utility 
deregulation and privatization program. This will involve the privatization of the 
publicly owned electricity generation, transmission and distribution authority, 
i.e., the Water and Power Development Authority (WAPDA), and the gas 
transmission and distribution companies, the Sui Northern Gas Pipeline (SNGPL) 
and the Sui Southern Gas Company (SSGC). These utility corporations are 
currently in the midst of a financial crisis brought about by, among other things,
rampant financial irregularities and excessive transmission and distribution 
(T&D) losses. A comprehensive restructuring plan will have to be devised for 
these corporations before the Government can divest itself of its holdings in the 
companies. Much of the restructuring is expected to take the form of institution 
of better management practices, which are expected to reduce losses. Three 
options, all of which are currently the focus of debate in the energy sector, were 
selected for evaluation in this subsector. These include efficiency improvements 
in electricity T&D systems, efficiency improvements in gas T&D systems, and the 
possibility of importing gas through an international network of pipelines. 

Efforts to promote the use of renewable sources of energy in Pakistan have 
been somewhat half-hearted in the past, and consequently, have met with little 
success. Policy makers in the country have consistently ignored the possibility of 
utilizing alternative technologies to facilitate infrastructure provision, such as the 
provision of electricity and gas, in some of the remote rural areas of the country. 
Interest in renewables has recently resurfaced, however, fuelled by the power 
shortages experienced in the first few years of this decade, the controversies 
associated with the construction of large hydroelectric projects, and the growing 
concern over the depletion of the natural gas reserves. Four options were 
chosen in the renewables subsector: solar photovoltaic systems for lighting and 
heating, wind energy systems for electricity generation, solar water heaters, and 
the installation of mini-hydroelectric dams. The option developed in waste 
management related to setting up waste-to-energy facilities in the country’s 
urban localities. This innovative form of waste management has never been 
tried before in Pakistan, although the GEF is considering funding such a project 
in the city of Lahore. 

In addition to the energy sector, two major sectors were considered for 
developing an abatement strategy, i.e., agriculture and forestry. The agriculture 
sector has the highest estimated levels of methane emissions, at over 2000 Gg in 
1989-1990. Methane emissions from livestock are estimated to be the single most 

Three options were considered for analysis in this subsector: (i) the 
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1 Engine tuning centers are also being set 
up under the UNDP/GEF project, Fuel 
Efficiency in the Transport Sector. 
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significant source, closely followed by emissions from rice paddy fields, which, 
in Pakistan, are kept inundated for the entire length of the crop season. 
Mitigation options considered for the sector include the provision of improved 
feed for livestock and research into water management practices in rice paddy 
fields. 

Forestry is another area where abatement options were analyzed in some 
detail. The mitigation potential in the forestry sector is considerable, as tree 
plantations and watershed management activities serve to increase carbon 
sequestration both above and below ground. Seven options were considered 
for analysis in this sector. These included rangeland management, watershed 
management, commercial plantations in irrigated areas, agroforestry, promoting 
the enhanced natural regeneration process in conifer forests and protection of 
conifer forests, planting in agricultural lands, and management of riverain 
forests. 

Scenario projections were developed at the subsectoral level. Economic 
activity levels, structure of the subsectors, number of end-use devices, and 
energy intensities were specified on the basis of the available data. Projections 
were developed, taking into account the projected gross domestic product 
(GDP) growth rates at national and sectoral levels, population growth rates, and 
economic activity levels available in various national plans. The development of 
the baseline scenario in specific subsectors is discussed below. 

For the residential subsector, household energy demand was calculated and 
projected on the basis of data collected under the Household Energy Strategy 
Study, 1993 (UNDP/EW/WB, 1993). Appliance holdings for each of the income 
groups were specified. The study identified energy demand related to the use of 
appliances for various end uses such as cooking, water heating, space heating, 
space cooling, and lighting. Energy intensity or annual energy use for each 
appliance type for each subgroup of households was also specified. Energy 
intensity was kept constant over the projection period. However, appliance- 
holding levels were projected to increase with income and time. 

and beverages, textile, iron and steel, chemical, fertilizer, non-metallic minerals, 
and others. The energy intensity and the manufacturing value added (MVA) for the 
subsector were used to calculate and project the energy use for the subsector. For 
each of the subsectors, end use of energy was specified for process heat, steam 
generation, motive power, and captive power or self-generated electricity. 
Projections for end-use of energy were developed in this manner. 

In the transportation subsector, analyses were conducted separately for 
private road vehicles, public transportation, passenger and freight rail, and mass 
transit and air traffic. The quantity of fuel used in the sector as a whole was 
estimated and projected in accordance with activity levels calculated separately 
for each mode of transportation. With reference to irrigation and land 
preparation activities, the number of electric and diesel tubewells were 
estimated separately, on the basis of historical data for the number of tubewells 
per unit of area under cultivation. A similar approach was adopted for energy 
use in land preparation activities. 

The industry GDP was segregated into the following seven subsectors: food 

PAKISTAN 

file:///Users/taralaan/Dropbox/Pakistan%20INDC%20&%20Low%20Carbon%20Scenarios/Forestry/13042016/SCREEN-2.pdf


SECTION 1 

Energy supply activities were divided into T&D losses, electricity 
generation, gas production, oil production, oil refining, and coal production. 
The domestic production of oil, gas, and hydroelectric power was used first to 
meet domestic energy demand, and the balance requirement was met with 
energy imports. No renewable energy capacity was assumed in the base case. 

Given the structure of the baseline scenario, the mitigation scenario was 
developed by changing the energy intensities at the end-use level. The technical 
potential for energy savings was estimated using data on the degree of energy 
efficiency that can be achieved by applying available technologies. Mitigation 
targets were set, keeping in view the technical potential and actual energy 
efficiency achievable given various constraints faced at the end-use level. It was 
assumed that improvements would start taking place after the year 2000, 
allowing time for the establishment of an institutional, policy, and program 
framework for the implementation of the actions recommended. 

The baseline and abatement scenarios were assessed, using the 
Comprehensive Mitigation Analysis Process (COMAP) model, including all three 
of its components, i.e., forest protection, reforestation, and biomass. The 
scenario assumptions in the base case were developed on the basis of current 
trends in land-use and consumption of forest products in the country. The other 
important assumptions concerned the rate of biomass depletion, which was 
assumed to be dependent on the rate of product extraction, i.e., the rate at 
which wood is extracted to meet the demand for fuelwood and industrial wood. 

The land-use over time was assumed to be constant for all individual 
categories except for watershed plantations and agroforestry, which are 
expected to cover more area as a result of the implementation of new forestry 
projects already being planned under the aegis of the Forestry Sector Master 
Plan (FSMP), as well as other forestry projects. The area designated as rangeland 
and agricultural land is expected to decrease in proportion, as it is assumed that 
rangelands will be given over to watershed plantations and agricultural land to 
agroforestry plantations over time. 

i.e., the rate of extraction of wood for fuelwood and industry. Assumptions on 
the proportion of wood production going to fuelwood and industrial wood 
were made for all the categories of wood produced. Just as areas under 
plantation are assumed to be greater under the mitigation scenario, the rate of 
product extraction was expected to be more sustainable in the mitigation case. 
In particular, rates of fuelwood and industrial wood extraction were expected to 
fall after the institution and enforcement of protection measures, while rates of 
increase of biomass stocks were expected to increase marginally. 

The rate of biomass depletion depends upon the rate of product extraction, 

The baseline and least-cost abatement scenarios were defined using simple 
spreadsheets, and incorporating assumptions to project growth rates and 
estimated costs at each step. In the case of Multi-Nutrient Block (MNB), 
projections prepared included growth rates of livestock populations, estimates 
of emissions reductions, and benefits in the form of increased milk production. 
For rice paddy fields, no economic benefits in the form of increased yield, for 
example, could be estimated, as data were not available. The option was 
therefore developed based on data relating to methane emissions reduction per 
ha and the estimated costs of investing in a research and dissemination program. 
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1.6 NATIONAL LEAST-COST 
GHGS ABATEMENT 
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FIGURE 1-1 
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REDUCTION INITIATIVES (CERI) 
CURVES 
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Since commercial milk production depends mostly on the breeding and 
productivity of buffaloes, for the MNB option, this group was designated as the 
target group to which the improved feed would be made available. The use of 
MNB is expected to reduce methane emission levels by 23 percent. The milk 
production per buffalo is expected to increase at an average rate of 10 percent. 

For rice paddies, the key assumption was that area under cultivation of rice 
is not expected to vary significantly from the current 2.1 mha, given the scarcity 
of irrigation water. The annual average methane emissions from rice fields was 
therefore taken to be constant over the period under consideration. Water 
management measures are expected to bring about an overall reduction of 40 
percent in methane emissions. 

The Cost of Emission Reduction Initiatives (CERI) curve developed for 
GHGs abatement initiatives is shown in Figure 1-1. The curve is basically an 
engineering GHGs mitigation cost curve, which presents a non-optimized 
ranking of GHGs mitigation options according to their economic costs for 
potential GHGs emissions savings. A total of 33 options were analyzed in detail. 
Of these, approximately two thirds have a negative incremental GHGs 
mitigation cost, and can therefore be considered as win-win opportunities. 
Options with a negative incremental cost fall mostly in the energy sector. The 
ranking of options and the segments of the curve corresponding to the 
successively ranked options are presented in Table 1-4. 

In the short term, the focus will be on initiatives that can yield significant 
GHGs abatement in a short timeframe, are financially attractive, and present 
win-win opportunities. In addition, preference will also be given to initiatives 
that can draw upon programs and projects in hand that have a potential for 
contributing to the GHGs abatement objectives and where implementable 
policies have already been formulated. In the medium term, initiatives that can 
benefit from changes in policy framework and can be accelerated through 
capacity building, training, and awareness programs will be given preference. 
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Opportunities in this category are also mainly limited to the energy sector. The 
initiatives that will be pursued in the long term will include opportunities that 
require substantial changes in social structures, norms, and practices, and where 
substantial efforts have to be made to bring about changes at the grassroots 
level. Most of the programs in the agriculture and land-use change and forestry 
sector fall into this category. 

The summary of priority GHGs abatement investment projects appears in 
Table 1-5. The projects were developed in accordance with the Government’s 
stated policies on energy conservation and environment issues, and are in 
keeping with the existing institutional capacity in the country. The projects focus 
on the promotion of energy conservation techniques and processes in industry 
and in the residential sector. While the former is the single largest energy- 
consuming sector in the economy, the latter is the area where the demand for 
energy is increasing at the most rapid pace. The projects also focus on the 
development of renewables, an area the full potential of which has not been 
explored so far, and on reducing GHGs emissions while increasing productivity 
in agriculture. This last project is unique, in that it targets the lowest income 
groups in society, i.e., landless farmers. The relevance of these proposed 
initiatives to the Government’s development program is discussed below. 

EXECUTIVE SUMMARY 

1.7 NATIONAL GHGS 
ABATEMENT ACTION PLAN 

TABLE 1-5 
PRIORITY INVESTMENT PROJECTS 

To provide financial assistance    International financial              Reduction in GHGs 
to small and medium size      assistance agencies,  emissions from industry; 
enterprises (SMEs) and large 
scale industry for implementing       government.                     Cleaner environment; 
energy efficiency measures in 
either their planned or existing 
production processes and 
technologies;                                                                                                     technologies in industry. 

To demonstrate the productivity- 
enhancing role of, and the cost- 
effectiveness in implementing 
energy efficiency technology; 

To build human resource and 
technical capacity to conduct 
project appraisal and financing 
using the sustainability criteria; 

To diversify financial markets by 
introducing a new debt 
instrument; 

In the long term, to promote the 
development of cleaner 
technologies through 
productivity enhancing and 
energy efficient industrial 
technologies. 

federal and provincial 

Promote the development of 
sustainable and clean 
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Reduce consumption of diesel Promote the use of an 
fuel at Ormara Plant; experience in wind environmentally benign 

Expand power supply capacity 
to remote rural areas where 
grid expansion is not feasible; 

Promote and demonstrate the 
use of sustainable and low cost 
alternative technologies in 
renewable resources; communities; 

Facilitate the transfer of 
technology 

International  firm with 

power generation in renewable resource; 
collaboration with a local 
experienced firm. Obviate the need for thermal 

generation systems in 
coastal areas; 

Improve the socio-economic 
well-being of local 

Enable the development of 
harbor facilities, health 
centers, and mechanized 
drinking water facilities - all 
of which depend on 
electrification. 

Increase livestock productivity Private entrepreneur, Increased income for 
through the use of MNB; NGOs experienced in livestock farmers; 

rural community 
Create awareness among development and a Expand the knowledge of 
livestock farmers regarding the government agency livestock farmers regarding 
benefits of improved feeding on 
milk production; nutrition research and livestock feeding; 

Create a market for MNBs. 

responsible for livestock 

development. 

the benefits of improved 

Assist the Government of 
Pakistan to formulate policy 
and strategies for livestock 
development and poverty 
alleviation; 

Demonstrate a financially 
viable and sustainable agro- 
based enterprise in the 
private sector. 

The content and direction of policy in the energy sector is a crucial indicator 
of the country’s commitment to, and recognition of the need for an abatement 
plan for climate change. Energy conservation objectives and policies have been 
the subject of all major national planning programs such as the Five-Year Plans 
and the National Conservation Strategy (NCS). The stated aim of the policy is to 
reduce fuel import bills, and to reduce the country’s dependence on imported 
energy resources. The environmental and climate change effects of reduced 
fossil fuel consumption are well documented, and energy conservation policies 
therefore link up well with the country’s climate change agenda. 
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The policy initiatives for industry should focus not only on the promotion of 
the use of energy efficient equipment, but also on encouraging the use of 
innovative energy saving approaches such as cogeneration systems. To this end, 
the establishment of a credit line for the purchase of energy efficient systems and 
equipment seems to be a viable strategy, in that it is broad-based enough to 
enable the creditors to pick the alternatives that are most suitable for their firm. 
In addition, incentives for import of items such as cogeneration and waste heat 
recovery systems may be considered at least in the initial phases. The 
Government will also be prevailed upon to be rigorous with respect to the 
implementation of end-of-pipe standards already specified under the National 
Environmental Quality Standards (NEQS) promulgated in 1983. For effective 
implementation, though, industrialists must be convinced of the productivity 
enhancing characteristics of energy efficiency equipment. 

to the concept of exploring renewable energy resources in power generation. 
The policy mentions that private investors may propose projects based on 
renewable or non-conventional sources of energy. It also specifies that the bulk 
power tariff proposed for conventional power plants will also apply to projects 
based on renewable energy. However, no distinct policy on the development of 
alternative energy systems has been developed or pursued in recent years. 

The focus of Government policy in agriculture has been primarily on 
increasing crop yields through the judicious use of inputs and through setting 
realistic support prices of major crops. So far, emphasis in the livestock sector 
has been primarily on the improvement of breeds, in order to encourage 
production of animal products such as milk and meat. Improved feed systems 
have not been explored to their full potential as a means of increasing 
productivity in the sector, although this may represent a more economical 
means of achieving productivity goals. The project on improved livestock feed 
thus addresses the need to expand the focus to include productivity gains. 

The policy options detailed above are specific to the project proposals 
developed in the context of the ALGAS project. For a climate change strategy in 
general, a number of additional initiatives which are described in Section 8 of 
the main report need to be taken. 

Recent energy policies, particularly the policy of 1994, have paid lip service 

There is currently no agency in the country with the sole responsibility of 
formulating a climate change agenda or coordinating climate change activities. 
The need for such institution is particularly important now as the Government 
will have to build capacity to undertake the reporting and other requirements 
expected of it under the UNFCCC. In this regard, the first step would be the 
formation of a Climate Change Committee under the aegis of the Pakistan 
Environmental Protection Council (PEPC), which would oversee the formulation 
and implementation of a policy on climate change. It is also imperative to 
establish one institutional entity within the Government, which will take the lead 
role in actually implementing a climate change policy. The next step would 
therefore be the establishment of a Climate Change Cell within the Ministry of 
Environment (MOE). The Cell can work with a cross-sectoral agenda and can be 
constituted with representation from the federal and provincial governments, 
the private sector, technical and financial experts, and nongovernmental 
organizations (NGOs). The proposed Climate Change Cell must work to 
coordinate strategies in different sectors and work towards specific abatement 
targets in the short, medium, and long terms. 
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At a time when the financial sector in Pakistan is being reformed in 
accordance with the new liberalization policies of the Government, the 
climate is particularly opportune for the institution of new modes of financing 
and areas of intervention. The establishment of an energy efficiency fund 
would thus be particularly relevant at the present time. The formation of a 
Board for Climate Change Investments is also advisable to facilitate more 
wide-ranging options in GHGs abatement. 

With reference to the institution of labeling standards, the implementation 
of such systems would require planning for a set of institutional strengthening 
measures for agencies like the National Energy Conservation Centre 
(ENERCON) and the Pakistan Standards Institute (PSI), and forging links with 
importers and associations of domestic manufacturers of appliances. The 
imminent privatization of utilities and rationalization of energy tariffs along 
with the proposed removal of cross subsidies will further facilitate the 
implementation of appliance standards. 

renewable energy. There is a need to incorporate a strategy for renewables in 
the energy policies. The Government has a power purchase policy for private 
power generating companies. A clear policy is needed also for power 
purchase from power generation plants run on alternative energy sources, 
which would recognize the unique nature of such projects. The proposed 
GEF-funded wind energy project to be established on the southern coastline 
would be the first project of its kind in the country, and may serve as an 
example of how renewable energy resources will be integrated with 
conventional transmission and distribution systems. The development of this 
project will be viewed with keen interest. 

exists. The primary policy-making body for the agriculture sector is the 
Ministry of Food, Agriculture and Livestock (MINFAL). The ministry is 
supported by a variety of research and implementation agencies. Prominent 
among these are the Pakistan Agricultural Research Council (PARC), the 
National Agricultural Research Centre (NARC), and specialized institutes 
associated with these agencies, such as the Animal Nutrition Institute (ANI) at 
NARC and various crop research institutes. In addition, the Agricultural 
University of Faisalabad has an extensive research program which feeds into 
Government policies for the sector. All these agencies can be utilized for the 
implementation of the proposed strategy for the sector. 

Pakistan does not have a comprehensive strategy with regard to the use of 

Agriculture is one area where substantial institutional capacity already 
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he following table provides a summary of the social, economic, and 
environmental indicators of Pakistan using data from 1980,1990, and T 1995. 

2.1 COUNTRY PROFILE 

TABLE 2-1 
NATIONAL  STATISTICS1

Forest, percent                                                         3.6                  4.3               4.5                  1.14% 

Agriculture, percent                                                 25.5                26.3             27.1                    0.8% 

Wasteland, percent                                        -                30.6                  - 

Rangeland, percent                                                    -                 32.4                 -   

Other                                                                             -                   6.7                  -

Industrial  GDP, percent                                          15.1                17.7             18.1                    0.6% 

 Services  GDP, percent                                         54.1                56.6             57.1                    2.2% 

Agriculture GDP, percent                                       30.8                25.7             24.8                      0.9% 

 -        Data are not available. 
a 

b 

The average exchange rate was $1 = Rs22.42 for the fiscal year 1990-1991 and $1 = Rs24.84 
for the fiscal year 1991-1992. The average rate for the calendar year 1991 is $1 = Rs23.63. 
The last census in Pakistan was conducted in March 1981. Figures for 1995 are therefore 
based on projected growth rates of the total and the urban population. The figure does not 
seem to be accurate, but it is the only official estimate available. 

Pakistan Economic Survey, 1996-97 (EAW, 1997); Forestry Sector Master Plan (GoP/ 
RCA, 1992); Household Income and Expenditure Survey (FBS, 1992). 
Figures correspond to fiscal years that run from July to June. 

Sources: 

Notes: 

The poverty line is defined as Rs.296 per capita per month in the Household 
Income and Expenditure Survey in 1991/92 rural prices. 
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 1 Exchange rate (average for 1994-1995 
and 1995-1996): $1 = Rs 32.02. This rate is 
used in most parts of this report; where a 
different rate has been used, it is specified. 
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 Indicators 1980 1990 1995 

Average 
Annual Rate 
of Change, 
1990-1995 

Population, million 

Land Area, sq km 

83.8               113.8              128                    3.0% 

796,100           796,100       796,100 

GDP, 1995 $ billion 

GDP, in Terms of PPP, 1991 $ billiona 

25.0                 42.6             56.4                    5.8% 

-                      -           252.2 

GDP per capita, 1995 $ 

Purchasing Power Parity per capita, 
1991 $ 

Urban Population As Percent of Total 
Population 

Livestock Population, million 

Population in Absolute Poverty, percent 

Life Expectancy at Birth, years 

Literacy Rate 

298.4               374.4          440.9                    3.3% 

  -                      -           1,970                           - 

28.3                31.5             28.8b                  2.2% 

146.8               250.8           469.3                  17.0% 

46                    34                  - 

   -                 60.0             62.2                    0.9% 

26.2                 34.0             37.9                    2.8% 
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2.1.1 GEOGRAPHY 

2.1.2 LAND-USE PATTERNS 

1 The reported land area in the Pakistan 
Economic Survey does not include the 
Northern Areas and Azad Jammu and 
Kashmir. 
2  The category “Not available for 
cultivation”  recorded in the Pakistan 
Economic Survey is not further 
declassified into these sub-categories. It is 
therefore difficult to give such estimates as 
the distribution of land between urban 
and rural areas. 
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Pakistan is located in the monsoon region and stretches from 60°E to 75ºE 
and 25ºN to 37ºN. The Indus River, which originates in the northeastern 
Karakorum mountain range, flows southward across the length of the land area, 
irrigating the plains of the eastern provinces of Punjab and Sindh before entering 
the Arabian Sea. The Thar and Cholistan deserts cover some southeastern parts 
of the Indus Plain, and extend across the border into the Indian state of 
Rajasthan. To the west of the Indus basin is the mountainous region of the 
Frontier province and the highlands of Baluchistan-high altitude areas with 
low rainfall and little agricultural activity. 

The country is characterized by significant variations in altitude across its 
expanse, and can be divided into at least five distinct climate zones. The 
northern areas are home to some of the highest mountain peaks of the world, 
and are largely snowbound in the winter months when temperatures fall below 
freezing point. The Indus valley has an extreme climate with hot and dry 
summers and a pleasant winter season, although average temperatures vary 
considerably in the northern and southern regions of the plains. The western 
highlands tend to have severe winters and hot summers, while the coastal areas 
have a temperate climate with little variation in winter and summer 
temperatures. The average precipitation level in much of the country is low, 
with over half of the total land area falling into the arid and semiarid category. 
Moreover, rainfall is not evenly dispersed across the year: precipitation is 
concentrated in the monsoon season (roughly July and August), when the 
country receives about 70 percent of its annual rainfall. Although the mean 
annual rainfall in most of the country remains below 300 mm, it may average 
over 750 mm in some of the northern districts of the Punjab and the Frontier. 

Of the 79 mha that constitute Pakistan’s land area, just over 58 mha have 
been surveyed so far.1 Approximately a quarter of the total land area is 
cultivated, while other land-use categories, such as urban or rural settlements, 
wasteland, and desert area, comprise over 35 percent.2 The estimated 
proportion of forest area in the country is just over 4 percent of the total land 
area. The land category classification varies considerably across provinces. 
More than 50 percent of the land in Punjab is cultivable, and there is no 
unsurveyed area in the province. Unsurveyed areas in the Northern Areas and 
Baluchistan constitute between 45 percent and 50 percent of the total land area 
in these two regions, while the proportion of cultivable land is less than 10 
percent. 

One quarter of the total estimated land area in the country has not been 
surveyed at all. However, most of the cultivable land does not fall in this category, 
and agricultural lands have largely been surveyed and classified. The estimates for 
this category can therefore be considered fairly accurate. Interestingly, the total 
cultivated area in the country has remained fairly static over the last two decades, 
with total cultivated area in 1995-1996 only 6 percent higher than in 1980-1981. 
The corresponding figures for total cropped area, i.e., the sum of the net area 
sown and the area sown more than once, show a different trend. The increase in 
the land area falling in this category has been of the order of 15 percent over the 
same period. Much of this increase has been due to the increase in the intensity of 
land-use, or in the proportion of area where multiple cropping practices have 
been instituted due to the expansion in irrigation facilities. The land-use patterns in 
the country suggest that major increases in agricultural output should be based on 
increases in yields rather than bringing more land under cultivation. 
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While the growth rates of Pakistan’s economy were fairly impressive in the 
sixties, and again in the eighties, this increase in incomes did not translate into 
any appreciable change in the social welfare indicators estimated for the 
country. One possible explanation for this is Pakistan’s population growth rate, 
which is generally conceded to be unsustainable at over 3 percent per annum. 
The total estimated population in 1996-1997 was 135.2 million, of which 71 
percent was estimated to be rural based. The average household size does not 
differ significantly for rural and urban areas, and is estimated to be just over six 
persons per household in both areas. It should be noted, though, that the last 
census took place in the country in 1981, and the demographic profile is 
expected to have changed considerably since then. A true picture of the 
country’s socioeconomic structure and population distribution patterns will 
emerge after the census that will be held in March 1998. 

The standard socioeconomic indicators are as poor as the population 
statistics. Toward the close of the twentieth century, over 60 percent of the 
country’s population are still illiterate. The disaggregated figures are even more 
disappointing. Female literacy for the country as a whole is estimated at 27 
percent, but the figure for rural Baluchistan is less than 2 percent—–possibly the 
lowest literacy estimate for any group in any region of the world. Health status 
indicators are also among the worst for the developing countries. The infant 
mortality rate is estimated at 101.8 per 1,000 live births while life expectancy is 
62 years on average.1 Only about a quarter of the rural population has access to 
potable water, while less than 5 percent have access to sanitation. The 
insufficiency of public sector investment in social development is one of the 
acknowledged causes of the current inadequacy in social service provision. The 
extent of the problem is discussed in the next section. 

Pakistan has been implementing a structural adjustment program under the 
recommendations of the International Monetary Fund (IMF) since 1988. The 
program emphasizes deregulation and liberalization of the economy in all 
sectors, and particularly stresses the removal of subsidies, privatization of state- 
owned enterprises, and strict controls on the expansion of money supply. 
Another fundamental requirement of the international donor agencies relates to 
control of the budget deficit, which was to be brought down to less than 5 
percent of the GDP in 1996-1997. The program also entails the implementation 
of a series of reforms in the financial sector and the tax collection systems, 
among others. Studies on the impact of the structural adjustment programs in 
Pakistan as well as other countries have yielded mixed results. In the initial 
stages of the programs’ implementation, GDP growth rates and real household 
incomes have been observed to fall. However, this period is usually followed by 
a renewed surge in the growth momentum, led by an increase in exports. 
Pakistan’s experience to date does not lend credence to this scenario. The 
country’s growth momentum has slowed considerably since the mid-eighties, 
and the value of exports (at constant prices) has remained almost static since 
1991-1992, in spite of repeated devaluations. 

over the last decade. The commodity producing (agriculture, manufacturing, 
construction, etc.) and services sectors (wholesale and retail trade, 
transportation, etc.) hold approximately equal weight in the economy, with both 
contributing close to 50 percent of the real GDP. Within these two broad 
categories, agriculture is the single largest sector, with a share of 24.2 percent in 
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real GDP. This is followed by manufacturing, which accounts for roughly 18 
percent of total GDP, and wholesale and retail trade, which contributes 16.3 
percent. According to the estimates of the last census, almost half (46.8 percent) 
of the employed population over ten years of age is engaged in agriculture. In 
provinces like Baluchistan where employment opportunities in cities are 
extremely limited, this proportion goes up to 55 percent. Manufacturing 
employees barely 10 percent of the working population, but service sector 
components such as trade and other services employ about 29 to 30 percent. 

Pakistan’s GDP at constant factor cost was estimated at approximately 
$17,556 million in 1995-1996. The average annual growth rate of real GDP was a 
little over 6.5 percent for the period 1980-1981 to 1987-1988. Since then, it has 
fallen to 4.9 percent. Relatively sluggish growth and low productivity in the main 
commodity producing sectors, i.e., agriculture and industry, have characterized 
the last decade. The average annual growth in the two sectors from 1988-1989 to 
date has been estimated at 4.1 percent and 4.9 percent, respectively. These 
factors are explored in detail below. 

The growth rate of agricultural production has historically been subject to 
sharp fluctuations, but this has been particularly true for the last decade. The 
production of major crops fell by 4.5 percent in 1996-1997. Cotton is the most 
important crop, indeed, the backbone of Pakistan’s economy, contributing 55 
percent of the country’s foreign exchange earnings. Cotton production has 
suffered in recent years mostly due to repeated pest attacks, and to unfavorable 
weather conditions in the cotton growing areas of southern Punjab. From a 
longer term perspective, the production of the crop has also been adversely 
affected by the rise in the water table in cotton growing areas. In the short term, 
the production of sugarcane and wheat have suffered a decline too, primarily 
because of adverse weather conditions. 

While growth rates of production in agriculture have been disappointing in 
the last year or so, the large-scale manufacturing sector is currently registering its 
lowest growth rates since the mid-1970s. Growth in large-scale manufacturing 
has averaged barely 2 percent since 1992-1993; in particular, during the last year, 
growth was negative for the first time in two decades. A number of factors have 
been cited as possible causes of this disappointing performance. The most 
probable ones include continued political unrest in the city of Karachi (the 
country’s main industrial center); the effects of the import liberalization policy 
the Government is expected to follow under IMF conditionalities; and increases 
in power tariffs and frequent power breakdowns. The problem has been 
compounded by repeated crop failures, which have resulted in shortages of vital 
raw materials such as cotton yarn, oilseeds, and sugarcane. 

budgetary constraints, increases in public investment in the social sectors or in 
environmental projects are expected to be minimal in the near future. However, 
the Government has invested in developing an institutional framework to deal 
with environmental issues. The Environment and Urban Affairs Division, formed 
in 1974, has been a full-fledged ministry since 1996. Some of the environmental 
issues that are important in the Pakistani context are discussed in the following 
section. 

Given the sluggish growth of the economy and the Government’s 

In 1992, the Earth Summit served to place environmental issues at the center 
of the development policy discourse, Paksitan’s response to the issues raised at 
the Rio Summit was quite encouraging in the beginning. The country formulated 
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a National Conservation Strategy (NCS), which was completed in 1992, through 
a process of consultation that was unprecedented in the history of policy- 
making in Pakistan. The NCS was widely hailed as a comprehensive account of 
the state of the country’s environment. However, the initial momentum 
unleashed during the process of the NCS’s formulation has not been carried 
through to the implementation stag—–much still remains to be done to 
conserve the environment. 

economy, and some of the most pressing environmental issues the country is 
faced with relate to this sector. On an average, 137 million acre feet (MAF) of 
water is available for irrigation each year from surface water sources, while 
another 46 MAF is available annually from recharged groundwater sources. 
About 90 percent of the country’s crop output comes from irrigated areas, yet 
Pakistan is estimated to be short of up to 3.5 MAF of water in the winter season. 
On-farm water utilization is inefficient and up to 70 percent of diverted water is 
lost in canals or watercourses. Outside the Indus Basin, sharp declines in 
groundwater levels are evident, a situation which has serious implications for 
sustainable development initiatives in these areas. The poor drainage system 
and mismanagement of water resources has also resulted in soil degradation 
and increase in waterlogging and salinity. A third of agricultural land surveyed is 
affected by either water or wind erosion or salinity and sodicity. A staggering 96 
percent of arable land does not contain the full spectrum of organic matter 
needed for optimum agricultural productivity. 

Depletion in the forest cover is another major area of concern. Area 
classified as forest occupies 4.5 percent of the total land area; however, only 
about 80 percent of this land is estimated to actually have tree cover. 
Deforestation rates are estimated at an unsustainable 0.2 to 0.4 percent per 
annum. While illegal logging has had much to do with the rapid depletion of 
forest cover, the encroachments made by village communities have also added 
to the problem. Afforestation rates have increased from 70 million saplings per 
annum in the 1970s to 250 million in the current decade; however, unless 
effective controls on illegal timber extraction are soon put in place, net increases 
in tree cover are unlikely to occur. The watersheds in the Northern Areas and 
North-West Frontier Province (NWFP) also have unfavorable soil and moisture 
regimes, Which have added to soil erosion and loss of vegetation in the area. 
The country’s rangelands too have been severely degraded, and almost 90 
percent show signs of overgrazing. 

“Green” issues are central to Pakistan’s environmental problems, yet the 
country’s earliest environmental programs were formulated in response to 
“brown” problems, such as industrial and domestic wastewater pollution and air 
pollution through industrial activity, motor vehicle emissions, etc. The major 
constituents of urban air pollution consist of particulate matter, sulfur dioxide 
(SO2), carbon monoxide (CO), nitrogen oxides (NOx), volatile organic 
compounds (VOCs), and lead. In the rural areas, emissions of particulate matter 
and VOCs from combustion of firewood and biomass are of major concern. 
Data on concentration of these pollutants are very scarce, and systematic studies 
on exposure levels for populations at risk have yet to be conducted. The limited 
data collected indicate that concentrations above levels acceptable for human 
health have already been reached in urban areas with high traffic levels, and in 
the vicinity of industries such as steel mills and brick kilns. Street samples taken 
in Karachi as early as 1971 showed CO levels in the range of 3-35 parts per 

As mentioned earlier, agriculture is the single largest sector in Pakistan’s 
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million (ppm). Similarly in Lahore CO increased from 1 to 10 ppm in a 1974 
sample to approximately 30 ppm in 1984. 

Pakistan has insufficient energy resources, but is highly energy inefficient. 
The country produced 2.8 million tonnes of oil equivalent (toe) of crude oil in 
1995-96 and imported another 4.4 million toe. Petroleum products now account 
for about 43 percent of primary energy supply in the country compared to 38 
percent in 1990-1991. The relative shares of oil and gas in energy supply have 
been changing over time, with petroleum products overtaking natural gas as the 
primary source of fuel. Much of this increase in the share of petroleum can be 
attributed to the increased consumption of fossil fuels in power generation, as 
more thermal power generation projects are set up and existing facilities 
expanded. Once again, even within the thermal power generation sector, there 
has been a shift towards oil powered generation units, which now account for 
over 50 percent of thermal power generated. There is a potential market for 
energy efficient appliances and renewable sources of energy as energy prices 
have been rising steadily. However, this market has never been fully explored, 
and research and development in renewables has remained static. 

a GHGs emissions inventory and abatement program for which it may solicit 
funding from the GEF and other multilateral donor agencies. Some of the 
activities currently underway in this regard are discussed in the next section. 

Pakistan’s contractual obligations to the UNFCCC include the preparation of 

Pakistan ratified the UNFCCC in June 1994. As of August 1994, the country 
is legally bound to fulfill the contractual obligations of the Convention, which 
include the preparation of an inventory of GHGs emissions and removals and a 
program to undertake emissions abatement activities. Pakistan can solicit funds 
for the mitigation program from the GEF, which is the interim entity operating 
the financial mechanism of the UNFCCC. The ratification of the UNFCCC has 
triggered a series of activities regarding climate change issues. Some of these are 
discussed below. 

The Pakistan National Greenhouse Gas Emissions and Sinks Study 

The National GHGs Emissions and Sinks Study was the precursor to the 
Asia Least-cost Greenhouse Gas Abatement Strategy (ALGAS) project, and was 
prepared by Hagler Bailly Pakistan (HBP). The study, consisting of a 
preliminary inventory of GHGs emissions for Pakistan, was presented to the 
Ministry of Environment in August 1996. The estimates in the report were 
largely based on the default emissions factors recommended by the Inter- 
Governmental Panel on Climate Change (IPCC). 

Asia Least-cost Greenhouse Gas Abatement Strategy Project 

The ALGAS project being implemented by the Asian Development Bank 
(ADB) aims to provide a framework for 12 selected countries in Asia to enable 
them to develop a comprehensive program to quantify, and eventually 
reduce, GHGs emissions. HBP has the lead responsibility in Pakistan for 
completing the tasks specified under the ALGAS project, including the 
preparation of an inventory of GHGs emissions, development of mitigation 
options, and their prioritization. The Ministry of Environment, Local 
Government and Rural Development is the National Counterpart Agency. The 
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ALGAS project, of which this volume is the Pakistan country report, is the first 
comprehensive national project on climate change that covers both the 
quantification of emissions, and the setting out of a long-term GHGs emissions 
reduction program. 

Country Case Study on Climate Change Impacts and Adaptation 
Assessments in Pakistan 

The study will assess the impact of climate change on four major sectors 
of the economy, i.e., agriculture, forestry, water resources, and meteorology. 
The objectives of this study also include an integrated assessment of the 
socioeconomic impact of climate change in Pakistan, and an assessment of 
adaptation potential in the country. Recommendations will be made regarding 
the improvement of the draft United Nations Environment Program (UNEP) 
handbook on impact and adaptation assessments. The sectoral reports are 
being prepared by Government agencies such as the Pakistan Agricultural 
Research Council (PARC), the Pakistan Forest Institute (PFI), the Pakistan 
Council for Research in Water Resources (PCRWR) and the Pakistan 
Meteorological Department, among others. The study on the socio-economic 
impact of climate change is being undertaken by the Sustainable Development 
Policy Institute (SDPI), a private research institute based in Islamabad. The 
report is expected to be completed in the latter part of 1998. 

Pakistan National Communication Report 

Pakistan was required to submit its first National Communication to the 
UNFCCC in August 1997. The report will essentially incorporate much of the 
information contained in the studies mentioned above and will be prepared 
under a grant from GEF. 

In addition to the major studies on climate change mentioned above, 
climate change initiatives in the country include GEF-funded projects. At 
present, one project-Fuel Efficiency in the Road Transport Sector-is being 
executed by the National Energy Conservation Centre (ENERCON) with GEF 
funding. The project aims to reduce carbon emissions in the short term 
through the establishment of state-of-the-art engine tuning facilities in major 
cities of Pakistan. Studies on fuel-efficient engines, modal shifts and alternative 
fuels will also be carried out under the project to develop a long-term strategy 
for energy efficiency in the transportation sector. Another GEF-funded project 
that is in the pipeline is the Lahore Waste-to-Energy Project. Under the project, 
the collection and disposal of municipal waste will be organized and a sanitary 
landfill designed for the city. The landfill will then be used for gas extraction, 
which in turn can fuel a small power generation facility. 

dates back only two or three years. Until Pakistan ratified the Climate Change 
Convention, these issues did not figure prominently in the development,’ 
environment discourse in the country. Future national development plans are, 
however, expected to incorporate climate change concerns to a greater extent. 

Medium- to long-term development planning has been institutionalized in 
Pakistan through the practice of preparing five-year plans that embody the 
Government’s long-term development objectives. The Government is currently 
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preparing the Ninth Five-Year Plan, which is scheduled for implementation 
when the Eighth Plan period ends in June 1998. 

Every five-year plan conceived by the Government incorporates a long- 
term perspective plan, normally of fifteen years duration, which spells out the 
long-term development policy that the Government plans to implement. The 
perspective plan incorporated into the Eighth Five-Year Plan envisages a 
doubling of per capita income in real terms by the year 2008. This growth in per 
capita income is to be achieved by a 175 percent increase in GDP, coupled with 
a reduction in population growth rates to 2.3 percent during the Eighth Plan 
period. The plan has also specified that the transformation of the sectoral shares 
in the economy is a desirable objective; in particular, industry is expected to 
account for 25 percent of GDP by the end of the perspective plan period. The 
social welfare targets laid down include the prevalence of universal primary 
enrolment rates for both boys and girls and universal access to primary health 
care. Preventive health care measures to be taken include the provision of 
potable water to all citizens by the year 2008, and the provision of sewerage 
facilities to all urban households and 75 percent of rural households. 

The objectives outlined above are quite standard development targets that 
form the core of development efforts in most countries like Pakistan. However, 
the Eighth Plan acknowledges that the unsustainable use of natural resources 
poses a threat to development efforts, and that the global emphasis is now on 
sustainable development rather than simply economic growth. The Eighth Plan 
uses the implementation program specified in the NCS as the basic plan of 
action, and sets out a series of goals to be achieved during the Plan period. Most 
of these relate to the establishment of a statutory and regulatory framework for 
the implementation of conservation activities. 

Eighth Plan period. In particular, the legislative action envisaged in the Plan 
document, i.e., the “enactment of fresh, comprehensive legislation to cover air, 
water, and land pollution” (GoP, 1994) [PC, 1994: Eight Five-Year Plan 1993- 
1998], has been undertaken and the Pakistan Environment Protection Act of 
1997 has been promulgated with effect from September 1997. Whether or not it 
will be enforced rigorously remains to be seen. The law gives extensive powers 
to federal and provincial agencies to enforce compliance with the National 
Environmental Quality Standards (NEQS). It proposes the inception of 
environmental tribunals and environmental magistrates to deal exclusively with 
contravention of environmental law, and plans the establishment of provincial 
sustainable development funds to finance both field and research projects 
related to environmental issues. The institutional framework for the 
implementation of policy has also been strengthened with the enhancement of 
the powers of agencies such as the Pakistan Environment Protection Agency 
(PEPA). The agency has been given the power to conduct inquiries into possible 
breaches of environmental law and to recommend fiscal incentives or penalties 
to the Federal Government among other things. 

Government’s development policy hinges on the sustenance of high level 
growth rates in agriculture and industry. These growth rates are to be achieved 
by the institution of a system of incentives for each sector, which may include 
either fiscal incentives or the institution of better research and outreach facilities. 
In addition, there is a renewed emphasis on the institution of improved 
management practices in the two sectors, such as the comprehensive on-farm 
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water management policy that has been formulated for agriculture. Similarly, 
promoting efficient resource use is an integral feature of almost all the sectoral 
development strategies. The energy sector strategy is particularly illuminating in 
this regard. The primary objectives of the Eighth Plan in this area are to promote 
energy conservation and the rational use of energy products. Objectives such as 
the expansion of transmission and distribution systems and the rationalization of 
tariffs are lower down in the list of priorities. 

The objective in this exercise is to identify areas where climate change 
issues can either be incorporated into mainstream development policy, or 
addressed as viable options in their own right. A cursory study of the Eighth Plan 
shows that climate change issues did not figure prominently on the 
Government’s agenda at the beginning of the decade. Objectives such as the 
promotion of energy conservation measures do have a climate change 
perspective in that such measures can reduce the consumption of fossil fuels, 
thus reducing GHGs emissions. However, this perspective was not highlighted 
in policy documents. This in itself is not surprising, given that Pakistan did not 
sign the climate change convention until 1994. Most of the initiatives that have 
been taken in climate change policy, which are described in the previous 
section, therefore date only from the last two or three years. Pakistan’s 
contractual obligations under the UNFCCC include reporting on GHGs 
emissions on a regular basis and the preparation of suitable mitigation projects. 
Exercises such as these will serve to create awareness of climate change issues, 
and will help to build capacity within both the public and private sectors, where 
staff will have to be trained to develop appropriate databases and analyze data. 

EAW, 1997: Pakistan Economic Survey, Economic Advisors Wing, Finance 
Division, Government of Pakistan. 

EUAD/IUCN, 1992: The Pakistan National Conservation Strategy, Environ- 
ment and Urban Affairs Division, Government of Pakistan and the World 
Conservation Union. 

FBS, 1992: Household Income and Expenditure Survey, 1991-92. Federal 
Bureau of Statistics, Statistics Division, Government of Pakistan. 

GoP /RCA, 1992: Forestry Sector Master Plan. Prepared by the Asian 
Development Bank, the Government of Pakistan, Reid Collins and Associ- 
ates and the United Nations Development Program for the Government of 
Pakistan, Islamabad, Pakistan. 
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akistan produced 2.8 million toe of crude oil and imported another 4.4 
million toe in 1995-1996. Petroleum products accounted for P approximately 43 percent of primary energy supply in the country in 

1995-1996, compared to 38 percent in 1990-1991. The country had an estimated 
21 trillion cubic feet (cft) of recoverable natural gas reserves and 30 million toe 
of recoverable oil reserves as of June 1996. Gas production in 1995-1996 was 
estimated at 1,600 million cubic feet per day (mmcfd), which falls just short of 
estimated demand, which was 1,700 to 1,800 mmcfd. 

Pakistan’s natural gas reserves are expected to reach a critical stage by the 
year 2003, and natural gas imports should become inevitable by the beginning 
of the next century. The Government is considering setting up systems to import 
natural gas, possibly from central Asia, via Iran. The financial and technical 
assessment of the proposed systems has been carried out, but no final decision 
has been made on this issue yet. The gas imports option has therefore not been 
considered in the baseline scenario in this report. 

Gas consumption was highest in the power sector (32 percent of total gas 
consumed) and in fertilizer production (26 percent of total gas consumed) in the 
year 1995-1996. The relative shares of oil and gas in energy supply have been 
changing over time, with petroleum products overtaking natural gas as the 
primary source of fuel. Much of this increase in the share of petroleum can be 
attributed to the increased consumption of fossil fuels in power generation, as 
more thermal power generation projects are set up and existing facilities are 
expanded. Again, even within the thermal power generation sector, there has 
been an increase in the proportion of oil-powered generation units, which 
accounted for over 50 percent of thermal power generated by 1996. 

Another potential primary energy source is coal, but the coal produced in 
the country is mostly low-grade with a very high sulfur content. For this reason, 
coal was used almost exclusively in the brick kiln industry; recently, however, 
the demand for it for use in thermal power generation has increased. Coal 
production in the year 1995-1996 was 1.6 million toe. The country has 
recoverable coal reserves of about 184 billion tonnes as of June 1996, 95 percent 
of which consist of recently discovered reserves in the Thar region. 

Efforts to introduce renewable energy supply systems in Pakistan have been 
unsuccessful for various technical and administrative reasons. The department 
primarily responsible for developing the use of renewables in the country is the 
Directorate General of New and Renewable Energy Resources (DG-NRER). The 
Directorate had set up twenty solar plants with a total capacity of 438 kilo Watt 
peak (kWp) in Pakistan by 1991 (DG-NRER, 1991). However, none of these is 
reported to be operational. 

The total electric power generation capacity in Pakistan in the year 1995- 
1996 was at 12,851 MW, of which hydroelectric power generation accounts for 
4,825 MW, and thermal power generation for the rest. Hydroelectric potential in 
the country is estimated at 38,000 MW (PC, 1997), of which only 13 percent has 
currently been exploited. Another potential source for power generation is coal, 
the use of which is registering an increase. The share of different fuels in total 
energy supply appears in Table 3-1; data on the historical trends in sectoral 
energy consumption and commercial fuel consumption are presented in Table 
3-2 and Table 3-3, respectively.1  

In the Government’s development priorities in the energy sector, there has 
been a renewed emphasis on cleaner and cheaper energy sources, such as gas 
and hydroelectric power. Extensive reliance on thermal power generation has 
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1 Estimates of total fuel supplied, as given 
in Table 3-1 and total fuel consumed, as 
given in Table 3-3, differ because of T&D 
losses between supply and consumption. 
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potentially damaging environmental and economic effects. Another priority area 
is the reduction of transmission and distribution losses, estimated at roughly 25 
percent, in electricity generation. This includes both technical and non-technical 
losses such as pilferage. At present, there are no confirmed estimates of losses 
for either of the two generation and transmission companies in the country, the 
Water and Power Development Authority (WAPDA) and the Karachi Electric 
Supply Corporation (KESC), as no scientific studies have been undertaken to 
assess their magnitude. 

TABLE   3-1 
SHARE OF FUELS IN TOTAL 

ENERGY SUPPLY 

Oil 10,850 38.1 % 16,483   42.5% 

Gas 11,043 38.8% 14,085 36.3% 

LPG 110 0.4% 191 0.5% 

Coal 2,005 7.0% 2,338 6.0% 

Hydro  Electricity 4,369 15.3% 5,539 14.3% 

Nuclear     Energy 92 0.3% 115 0.3% 

Source: HDIP (1996) 

TABLE 3-2 
HISTORICAL TRENDS IN 

SECTORAL ENERGY 

CONSUMPTION 1985-86           1,902                     991         5,172          3,373   1,139 12,576 

1987-88 2,251      1,057 5,899 3,933 1,424 14,564 

1,233 6,546 4,358 1,498 16,419 1989-90  2,784

1,011 7,237 5,359 1,556 18,131 1991 -92 2,969 

1,089 7,891 6,209 1,600 20,224 1993-94 3,435 

PAGE 36 

Source: HBP (1998b) 

Power generation and transmission is just one area where energy 
conservation measures have become a cause for concern. Another area that 
requires attention is the industrial sector. Industry is the single largest energy 
consuming sector in the country, accounting for up to 38 percent of total energy 
consumed. Over the past decade, there has been a gradual shift in the mix of 
fuels used in the sector: petroleum products (mainly furnace oil and high speed 
diesel), which accounted for 17 percent of fuels used in 1990, accounted for 27 
percent in 1995-1996. Thus petroleum products have substantially outstripped 
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1990-91 
Fuel 

Õ000 toe Share Õ000 toe Share 

1995-96 

Total  28,469 100.0% 38,750 100.0% 

Year 
Domestic,  Commercial, Industrial, Transport,  Agriculture, Total, 

Õ000 toe Õ000 toe Õ000 toe Õ000 toe Õ000 toe Õ000 toe 

1986-87 2,105 1,012 5,538 3,643 1,221  13,519 

1988-89 2,455 1,173 6,018 4,052 1,426 15,125 

1990-91  2,956 1,205 6,611 4,504 1,528 16,805 

1992-93 3,232 1,075 7,558 5,885 1,559 19,309 

1994-95 3,959 1,164 8,167 6,895 1,602 21,786 

1984-85           1,695                     949         4,990          3,258           1,056   11,948
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natural gas as the main source of energy used in industry. The equipment 
currently in use in manufacturing units is generally obsolete and makes 
inefficient use of energy, which adds to the problem. Maintenance services are 
generally inadequate, and very few operators are properly trained in handling 
machinery to maximize efficiency. Thus. there is considerable potential for 
reduction of energy costs in industry by using improved equipment and 
innovative production processes. 

1985-86 3,921 975 6,090 1,591 12,576 

1987-88 4,112 1,222 7,202 2,029 14,564 

1989-90 4,721 1,389 7,985 2,324 16,419 

1991 -92 5,256 1,605 8,536 2,734 18,131 

1993-94 5,965 1,562 9,677 3,020 20,224 

Source: HBP (1998b) 

The transportation sector was, in 1995-1996, the second largest energy 
consuming sector after industry. GHGs emissions from the sector are estimated 
to be substantial as road transportation, the most common form of transportation 
in the country, relies almost exclusively on petroleum products. Vehicle 
maintenance facilities are generally inadequate. The institution of maintenance 
practices is complicated as these represent a fundamental change in consumer 
behavior, which will take time to come about. Modal shifts, i.e., effecting a shift 
from private to public transport use, is another possible area of intervention. In 
Pakistan, the stagnation in the railway network has been a major factor in the 
shift towards road transportation. The Government has been considering the 
possibility of introducing a mass transit system in Karachi, the largest city. 
However, the program has not been launched because of funding and other 
problems. 

consumption in the residential sector was over 10 percent for the period 1985- 
1995. The high rate of rural-urban migration and increases in disposable 
incomes have raised the demand for electricity for such uses as lighting systems 
and household appliances. The most commonly used appliances include 
electric fans and refrigerators—an estimated 1.6 million fans are sold in the 
country every year. Similarly, the estimated annual growth rate of sales of air 
conditioning units, though classified as luxury items, was close to 14 percent in 
1995. Given the recent increases in electricity tariffs, there is great potential in 

It was estimated that the average annual growth rate of electricity 
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TABLE 3-3 
HISTORICAL TRENDS IN 

CONSUMPTION OF COMMERCIAL 

FUELS 

Year 
Natural 

Gas, 
Õ000 toe 

Coal, 
Õ000 toe 

Petroleum 
Products 
Õ000 toe 

Electricity, 
Õ000 toe 

Total, 
Õ000 toe 

1984-85 3,817 988 8,719 1,423 11,948 

1986-87 3,992 1,004 6,768 1,755 13,519 

1988-89 4,286 1,165 7,507 2,166 15,125 

1990-91 5,071 1,356 7,809 2,568 16,805 

1992-93 5,715 1,441 9,204 2,948 19,309 

1994-95 6,275 1,676 10,628 3,206 21,786 
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this area for marketing energy-efficient appliances and encouraging the use of 
energy-efficient lighting systems. 

sources of energy, and policymakers have ignored the possibilities of using 
alternative technologies. However, interest in renewables has resurfaced 
recently, fuelled by the power shortages experienced in the first few years of this 
decade, controversies associated with the construction of  large hydroelectric 
projects, and by growing concern over the depletion of natural gas reserves. 
Accordingly, exploring the power generation potential of renewables becomes 
an important component of any strategy for this subsector. Wind power 
generation systems and mini-hydroelectric dams are just two examples of 
possible technologies that may be particularly relevant in the Pakistani context, 
given the potential for mini-hydroelectric dams in mountainous areas with 
adequate water resources, and the use of wind systems in coastal areas. Other 
technologies that may be relevant in Pakistan are solar technologies, such as the 
use of photovoltaic systems for lighting, and solar water heaters. 

In Pakistan, the emphasis has consistently been on the use of conventional 

Energy-related activities are the most significant source of GHGs emissions 
in Pakistan. GHGs are emitted primarily through the combustion of fossil fuels 
in energy-related activities, particularly CO2, which is produced when carbon- 
based fuels are burnt. National emissions estimates are based on amounts of 
fuels used and the carbon content of fuels. Fuel combustion takes place in 
several activities in the national economy (IPCC, 1995b). Although emissions 
estimates from all end uses are not always available for all fuel combustion 
activities, the supply of fuels is documented and reported regularly in secondary 
data sources. 

Fuel combustion activities in the energy and transformation industries, 
industry, transportation, and small combustion were the most significant sources 
of CO2 emissions in Pakistan. They also led to emissions of non-CO2 gases, i.e., 
CH4, NOx and CO. Fuel combustion in industry contributed the highest level of 
CO2 emissions among fuel combustion activities. 

Fossil fuel combustion in energy and transformation industries, e.g., 
electricity and heat production (power sector) and petroleum refining, was the 
second most significant GHGs emissions source after the industry subsector. 
GHGs emissions in the power sector were primarily a result of fuel combustion 
in steam turbines, gas turbines, and combined cycle systems. Non-CO2 gases, 
i.e., CH4, NOx and CO, were also emitted. 

Fossil fuel combustion in the transportation sector, i.e., road transport, 
railways, and aviation, was the third most significant GHGs emissions source. 
Notably, CO2, NOx, CO2 and NMVOCs were emitted in this sector. Small 
combustion in the commercial, domestic (residential), and agriculture sectors 
was also a major GHGs emissions source. 

emissions of methane. The methane was emitted from ventilation and 
degasification systems in the mining, handling, and transportation of coal. 

Traditional biomass burned for energy was the single most significant 
source of CO2 emissions in Pakistan. However, these emissions were not 
included in the total CO2 emissions and are considered zero on a net basis. Non- 
CO2 gases from burning traditional biomass fuels, notably CO, CH4 and NOx,
were included in the calculations. 

Coal mining and handling and oil and gas activities resulted in fugitive 
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The GHGs inventory for the energy sector was prepared and completed by 
the Pakistan National Technical Experts Team. The data used to make the 
calculations of GHGs emissions from the energy sector are for the year 1989- 
1990, unless noted otherwise. 

CO2 Emissions from Fossil Fuel combustion 

The IPCC (1995b) and IPCC (1995c) recommended Reference Approach 
was used to calculate CO2 emissions from fossil fuel consumption in energy- 
related activities, as detailed in Table 3-4. Carbon emissions factors used in the 
calculations were default values idenfied in IPCC (1995c). 

Primary Fuels   Crude Oil                       5,843.13            42.88             20.36                                  0.99           18.518 

86 .19            42.88             17.20                                  0.99                231 Natural Gas 
Liquids 

Secondary Gasoline                            186.96            43.95             18.96                   0              0.99                565 Fuels 

Jet Kerosene                      96.85            43.20             20.02                   0              0.99                304 

Other Kerosene                749.14            43.20             20.02                   0              0.99             2,352 

Gas/Diesel Oil               2,756.21            43.50             21.21                   0              0.99             9,231 

Residual Fuel Oil           1,564.17            41.44             21.10                    0              0.99            4,965 

LPG                                                        45.42             17.20                   0              0.99 

Ethane 0 

Naphtha                             42.54            45.01            20.00            11.29              0.99               180 

Bitumen                             18.76            40.19            22.00           127.87             0.99                 524 

Lubricants                            4.80            40.19            20.00             74.69             0.99                 285 

Refinery Feedstock 

Other Oil (non- 
energy uses)                                           40.19            20.00            25.06              0.99                   91 

Primary Fuels    Coking Coal                   1,103.00            28.21           25.80                                   0.98               2,885 

Lignite                           4,085.90            20.66           24.97                                   0.90               6,955 

Fossil  m3 14,096.46           34.29           16.20            563.52           0.995            26,523 
Gaseous            Natural Gas (dry) 

Totala                                                                                                                                                                     70,840 

Note: Gg Gigagrams 
a 

Source:   HBP (1998c) 

The values of emmissions from individual sources have been rounded off; summing them might, 
therefore, give a different result from the total values given at the bottom of the columns. 

GHGs Emmissions from Fossil Fuel Combustion 

GHGs emissions from fossil fuel combustion in all sectors relevant to 
Pakistan were calculated using the IPCC (1995c) prescribed Detailed 
Technology-based Approach. In particular, the LPCC (1995c) prescribed general 
method was used to calculate GHGs emissions from stationary sources. The 
Basic Inventory Method described in IPCC (1995c) was used to calculate GHGs 
emissions from mobile sources. The calculations reflect energy consumption 
and associated GHGs emissions at the levels of end use, specific processes, and 
technologies. These sectors included energy and transformation industries, 
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TABLE 3-4 
CO2  EMISSIONS FROM ENERGY 

CONSUMPTION (REFERENCE 

APPROACH), 1989-1990 
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Fuel 

Apparent 

Consumption, 
tonnes 

Conversion 
Factor, 
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Carbon 
Emissions 

Factor, 
t C/T 

Carbon 
Stored, 
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Fraction of 
Carbon 

Oxidized, 
percent 

CO2 

Emmissions, 
Gg 

Liquid Fossil 

Solid Fossil 
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industry, transportation, and small combustion. The level of detail pursued 
indicates the extent to which local activity and emissions data were available 
from secondary data sources at the time the inventory was prepared in 1996- 
1997. These calculations were made using the Standard Data Tables for energy 
provided in IPCC (1995a) and MS Excel data spreadsheets to account for energy 
consumption split by sector and end-use activities. 

The IPCC (1995c) default emissions factors were used to calculate GHGs 
emissions from the power sector, i.e., combined cycle, steam, and gas turbines, 
and from petroleum refining. The estimates of CO2 emissions from the refining 
sector are based on the reported figures for crude oil consumed as ‘own use and 
loss.’ Non-CO2 emissions from petroleum refining were not estimated because 
the actual quantities and the types of fuel used in the refineries are not available. 

To calculate GHGs emissions from industry, energy activity data were 
organized by fuel type in the three primary sectors in fuel combustion, i.e., 
boilers and cement industry, fertilizer industry, and general industry. (Here, 
‘general industry’ refers to all industries other than cement and fertilizer.) Local 
emissions factors for natural-gas-fired boilers, residual-oil-fired boilers, and brick 
kilns were used in calculating CO emissions from industry. The value of the CO 
emissions factor is the average of CO emissions levels identified in ENERCON 
(1988a). However, IPCC (1995c) default emissions factors were used to calculate 
all other GHGs emissions from industry. 

The emissions factors for road vehicles using gasoline fuel and road 
vehicles using diesel oil have been developed using local data (ENERCON/ 
UNDP, 1996). Emissions factors for passenger cars using natural gas, passenger 
cars using liquefied petroleum gas (LPG), locomotives, farm equipment, and jet 
and turbo property vehicles were default values provided in IPCC (1995c). 

The consumption of diesel fuel, as reported in the successive Energy 
Yearbooks, published annually by the Hydrocarbon Development Institute of 
Pakistan (HDIP), also includes diesel consumed by tractors and farm machinery 
used in the agriculture sector. To accurately estimate the quantity of diesel fuel 
used in the transportation sector, the consumption of diesel oil by the agriculture 
sector has been subtracted from the total diesel consumption figure. 

Other assumptions used in estimating GHGs emissions in the transportation 
sector pertain to the consumption of electricity in the transportation of oil 
through pipelines, notably, the pipeline laid by the Pak-Arab Refinery Company, 
Ltd. (PARCO), and the consumption of natural gas at compressor stations during 
its transportation. In this inventory, GHGs emissions from natural gas or oil 
transportation are not reported separately in the transportation sector. However, 
GHGs emissions from the transportation of oil through pipelines are included in 
the industrial sector. The consumption of compressed natural gas (CNG) is not 
reported separately. 

percentage of vehicles also operate on gasoline. However, due to gaps in data 
availability, this inventory has assumed that all light- and heavy-duty vehicles 
including jeeps-use diesel, and all passenger cars use gasoline. The 
classification of data on vehicles in EAW (1996) includes a category labeled 
‘Other’, which consists of 3 percent of the total vehicles accounted for in the 
country. For purposes of simplicity, 50 percent of vehicles in this category have 
been assumed to be gasoline powered, and the remaining as diesel vehicles. 

In the absence of local emissions data for fossil fuel consumption in the 
domestic, commercial, and agriculture sectors, default emissions factors 

In Pakistan, while most light- and heavy-duty vehicles use diesel, a small 

PAKISTAN 

file:///Users/taralaan/Dropbox/Pakistan%20INDC%20&%20Low%20Carbon%20Scenarios/Forestry/13042016/SCREEN-2.pdf


SECTION 3 

provided in IPCC (1995c) have been used to calculate GHGs emissions from 
small combustion. In the case of kerosene consumption in cooking in the 
domestic sector, default emissions factors have not been indicated in IPCC 
(1995b) or IPCC (1995c). Therefore, the default factors for gas heaters have been 
used in calculating GHGs emissions. 

The calculation of GHGs emissions in the domestic sector assumes that 
consumers purchase kerosene and LPG fuels from retailers who do not maintain 
an account of       the final fuel consumption. Therefore, the numbers  reported  in 
DG-NRER (1991) and HDIP (1996) are subjective estimates. The LPG 
consumption is broken down based on ENAR (1989). 

consumption of LDO are reported separately in the Energy Yearbooks. Electricity 
used in the agriculture sector is also separately reported. 

GHGs Emissions from Combustion of Traditional Biomass Fuels 

Light Diesel Oil (LDO) marketed for use in water pumping and the 

Carbon dioxide emissions from the combustion of traditional biomass fuels 
were calculated using the IPCC (1995b) recommended Reference Approach. 
This Approach was also used to calculate non-CO2 emissions from traditional 
biomass fuels. This methodology calculated non-CO2 emissions by fuel type. In 
addition, non-CO2 gases were also calculated using the emissions factors 
provided for end-use activities, i.e., wood pits, wood stoves, coal stoves, dung 
cake, crop residue, and bagasse-fired boilers, in Tables 1-9, 1-10 and 1-11 of 
IPCC (199c). Based on these estimates, therefore, emissions were recalculated 
to account for fuel losses and unaccounted fuel consumption. The calculations 
assume that agricultural residue, dung, and charcoal consumption remains 
constant as reported in DG-NRER (1991). The crop residue consumption as an 
energy source is not reported in any standard publication, such as the Energy 
Yearbook. However, the crop residue consumption as energy and the ratio of 
the crop residue consumption as energy to the total production of crops is 
reported in UNDP/EW/WB (1993) for the year 1991. This ratio is applied to 
estimate crop residue for other years, i.e., 1989, 1993, etc. Similarly, the 
consumption of noncommercial fuels is calculated based on the results of the 
UNDP/EW/WB (1993) study. 

Methane Emissions from Coal Mining and Handling 

Methane emissions from coal mining and handling were calculated using 
the Tier I (Global Average) method identified in IPCC (1995c). Coal production 
is presently not a significant energy supply source in Pakistan, therefore this 
methodology adequately accounts for methane emissions from coal mining and 
handling. 

In this methodology, the emissions factors are given in m3 CH4/tonne of 
coal produced, and the emissions factor is a single number for the whole 
country. Methane emissions are calculated by multiplying the total coal 
production with the global average emissions factor and multiplying the result 
by the conversion factor. The coal production has been increased by a factor of 
1.3 to account for annual unreported coal production. Due to local data 
limitations, this inventory does not disaggregate methane emissions from 
underground (shallow) mines and surface mines. Emissions factors from Adler 
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(1994) have been used in the calculations, primarily because of the shared coal 
production characteristics between Pakistan and India. 

Methane Emissions from Oil and Gas Activities 

The IPCC (1995c) recommends a three-tier approach to calculate fugitive 
emissions from oil and gas activities depending upon availability of local activity 
and emissions data. Since local emissions data are not available, the simplified 
Tier I (Production-Based Average Emissions Factors) Approach recommended 
in IPCC (1995c) has been used to calculate methane emissions from oil and gas 
activities. Methane emissions are calculated by first classifying gas and oil 
activities into an appropriate system for Pakistan. Next, emissions factors that 
correspond to the classification system in Pakistan are multiplied by oil and gas 
activity data for Pakistan to arrive at the total methane emitted from oil and gas 
activities. Methane emissions have been calculated using the methodology 
described in US EPA (1985), keeping in view the technology and conditions of 
existing refineries in Palustan. 

CO2 Emissions from Fossil Fuel Consumption 

The Energy Yearbook (DG-NRER, 1991) was used to calculate CO2 
emissions using the Reference Approach. This source was used for the 
following data: production, import, and export of crude oil; import of gasoline, 
jet kerosene, other kerosene, gas/diesel oil, and residual oil; production of 
natural gas liquids and gas/diesel oil; export of naphtha, bitumen, and 
lubricants; production and import of natural gas and lignite; and consumption of 
jet kerosene, gas/diesel, and residual fuel oil in international bunkers. The actual 
consumption of biomass fuels such as dung, fuel wood, and crop residues has 
been taken from UNDP/EW/WB (1993). The consumption of dung was based 
on the livestock population tabulated in EAW (1996). The same source was used 
for data on sugarcane production. 

GHGs Emissions from Fossil Fuel Consumption (Detailed Technology- 
based Approach) 

Energy consumption data, i.e., fuel consumption at different sites for power 
generation, have been taken from WAPDA (1996) and classified by technology 
(combined cycle turbines, steam turbines, and gas turbines) and by type of fuel 
(diesel oil, residual oil, coal, natural gas, and crude oil). The activity data for 
petroleum refining, i.e., production, import, and export of crude oil, are from 
DG-NRER (1991). Data on boiler efficiency and technology type and sectors in 
which boilers are used are from ENERCON (1988a). 

Data on residual furnace oil consumption in the cement sector are from 
OCAC (1995). The quantity of natural gas consumed in the cement industry has 
been taken from the annual reports of the gas companies, SNGPL (1990a) and 
SSGC (1990a). The consumption of pipeline quality gas by each fertilizer plant 
connected to the main gas network system has been taken from the monthly 
reports of gas distribution companies, SNGPL (1990b) and SSGC (1990b). Data 
on fossil fuel consumption in all industries are from DG-NRER (1991), and 
particular consumption in the cement and fertilizer industries is subtracted from 
this total to estimate fossil fuel consumption in general industry. 
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The number of road vehicles in Pakistan has been taken from EAW (1996). 
The total distribution and number of vehicles by type (automobiles, 
motorcycles, scooters, taxis, buses, and trucks) has been taken from ENERCON/ 
UNDP (1996). The number of tractors used in the agriculture sector has been 
taken from Agricultural Statistics of Pakistan, 1994-95 (FALD, 1996). The 
number of non-road locomotives and their annual fuel consumption has been 
taken from OCAC (1991) and Railway Yearbook, 1994-95 (PR, 1995). The 
number of passenger cars on the road has been taken from EAW (1996) and 
subdivided into four categories based on fuel type (passenger cars driven on 
gasoline, diesel, LPG, and CNG). The data on emissions control technologies, 
i.e., fuel efficiency by vehicle type, are from ENERCON/UNDP (1996). 

Data on fossil fuel (natural gas, LPG, coking coal, coal, and kerosene) 
consumption in the domestic and commercial sectors has been taken from DG- 
NRER (1991). LDO consumption in the agriculture sector has been taken from 
DG-NRER (1991). The consumption of diesel in the agriculture sector has been 
taken from EAW (1996) and NTRC (1989). 

The IPCC (1995b) and IPCC (1995c) recommended default conversion 
factors have been used to calculate CO2 emissions from combined cycle, steam 
and gas turbines, and all GHGs emissions from petroleum refining. In the 
absence of local data, the IPCC (1995b) and IPCC (1995c) recommended default 
conversion factors have been used to calculate GHGs emissions from industry 
and small combustion, i.e., the domestic, commercial, and agriculture sectors. 

GHGs Emissions from the Combustion of Traditional Biomass Fuels 

Quantities of wood, agricultural waste, dung, and charcoal consumed in the 
year 1991 have been taken from the Household Energy Strategy Study, UNDP/ 
EW/WB (1993). Based on the estimate of annual growth in wood consumption 
(1.47 percent) reported in DG-NRER (1991), estimates for the year 1989-90 were 
derived from the available data on firewood consumption. IPCC (1995b) default 
values have been used for the carbon fraction of biomass, fraction oxidized, 
carbon-methane ratio, C-CO trace gas emissions ratio, nitrogen-carbon fuel ratio, 
nitrogen-N2O and nitrogen-NOx trace gas emissions ratios. 

Methane Emissions from Coal Mining and Handling 

The amount of coal produced from surface and underground mines has 
been taken from DG-NRER (1991). In the absence of local emissions data, the 
emissions factors indicated for Indian coal surface (open cast) and shallow 
underground (degree-I underground) mines in Adler (1994) have been used to 
calculate methane emissions from coal production in Pakistan. The conversion 
factor is from IPCC (1995c). 

Methane Emissionsfrom Oil and Gas Activities 

The activity data for oil production, refining, and storage, and gas 
production and processing, transmission, distribution, and other leakages are 
from DG-NRER (1991) and converted to petajoules (PJ). In the absence of local 
emissions factors, the IPCC (1995b) recommended default values have been 
used for oil production and storage. The emissions factor for oil refining was 
calculated using the methodology outlined in US EPA (1985). In the absence of 
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TABLE 3-5
GHGs EMISSIONS FROM FOSSIL

FUEL COMBUSTION (DETAILED

TECHNOLOGY-BASED

APPROACH),
1989-1990
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local emissions factors, the IPCC (1995b) recommended default values were 
used as emissions factors for gas production and processing, and transmission 
and distribution. 

Steam Turbines 7,753.5 0.05 NA 25.5 1.9 NA 

Gas Turbines 3,504.9 0.18 NA 8.4 1.3 NA 

Combined Cycle 5,090.0 0.52 NA 16.1 2.7 NA 

Power Sector Total 16,348.5 0.74 NA 49.9 5.9 NA 

Petroleum Refining 183.1 NA NA NA . NA NA 

Energy and 
Transformation 16,531.6 0.74 NA 49.9 5.9 NA 
Industries Total a

Cement Industry 3,406.2 0.05 NA 28.9 3.7 NA 

7,454.2 0.18 NA 8.5 20.4 NA Natural Gas Fired 
Boilers 

932.6 0.04 NA 2.0 2.5 NA Residual Oil Fired 
Boilers 

Coking Coal 2,884.4 0.03 NA NA 6.6 NA 

Coal-Fired Brick Kilns 5,738.7 0.15 NA 21.0 102.3 NA 

Diesel 250.0 NA NA NA NA NA 

Industry Total a 20,666.0 0.44 NA 60.4 135.5 NA 

Road Transport 11,881 .0 0.05 NA 182.5 790.6 117.0 

Railways 912.5 0.06 0.02 21.4 7.2 1.5 

Civil Aviation 1,236.2 0.03 NA 4.9 2.0 0.3 

14,029.6 0.14 0.02 208.8 799.9 118.8 
Transportation 
Total a 

Agriculture Sector 3,475.8 0.1 01 7.2 9.5 4.1 

1.1 NA Domestic Sector 5,288.3 0.2 NA 4.1 

Commercial Sector 2,634.0 01 NA 1.9 0.8 NA 

11,398.2 0.4 0.1 13.2 11.4 4.1 
Small Combustion  
Total 

Wood Pits 20,935.5 43.9 NA 32.3 1,086.3 NA 

Wood Stoves 20,935.5 16.2 NA 43.9 4,067.9 NA 

Coal Stoves 483.8 NA NA 0.9 18.0 NA 

Dung Cake 14,489.3 NA NA NA NA NA 

Crop Residue 11,590.3 73.3 NA NA 472.7 NA 

PAKISTAN 

GHGs Source CO2, 
Gg 
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NOX, 
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Transporation 

Small Combustion 
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9,013.5 NA NA 8.2 159.4 NA Bagasse Fired 
Boilers 

Traditional Biomass 
Burned for Energy 77,447.8 133.4 NA 85.3 5,804.2  NA 
Total 

Solid Fuels                                       0                3.0                0                 0             0            0 

Oil and Natural Gas                         0            185.2                0                 0             0            0 

0            188.2                0                 0             0            0 
Fugitive Emissions 
from Fuels Total 

a 
The values of emissions from individual sources have been rounded off; summing them 

might, therefore, give a different result from the total values given at the 
bottom of the columns. 

NA Not Applicable 
Source: HBP (1998c) 

Mining 1 .0 2.74 

Post-mining 0.09 0.25 

Total a 2.98 

Oil 

Exploration 0 

Production 2,650 03 

Transportation 0 

Refining 140   0.04 

Storage 135 0.03 

0.37 Total Methane Emissions from Oil 

Gas 

Production and Processing 466.82 134.44 

Transmission and Distribution 427.04 50.39 

Other Leakage 

Total Methane Emissions from Gas a                                                      184.83 

0 Venting and Flaring from Oil/Gas Production 
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ENERGY RELATED ACTIVITIES, 

1989-1990 

FUGITIVE EMISSIONS FROM 

aThe values of  emissions from individual 
sources have been rounded off; 
summing them might, 
therefore, give a different result 
from the total values given at 
the bottom of  the columns. 

Source: HBP (1998c) 
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GHGs Source 
CO2, 
Gg 

CH4, 
Gg 

N2O, 
Gg 

NOx, 
Gg 

CO, 
Gg 

NMVOC, 
Gg 

Traditional Biomass Burned for Energy 

Fugitive Emissions from Fuels 

Grand Total a    62,625.4            323.4             0.1         417.5   6,756.9     122.9 

Fugitive Emissions from Coal Mining and 
Handling 

Emission 
Factor, 

m3 CH4/T 

Methane 
Emmissions, 

Gg 

Surface and Underground [shallow] Coal Mines 

Fugitive  Emissions   from  Oil  and  Gas  Activities 
Emission 

Factor, 
kg/PJ

Methane 
Emissions, 

Gg 

Total Methane Emissions from Oil and Gasa 185.20 

Total Fugitive Emissions from Energy Related Activities a 188.19 
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FIGURE  3-1 
ENERGY SECTOR CO2 

EMISSIONS INVENTORY BY 
SUBSECTOR, 1989-1990 

3.2.3 NATIONAL GHGS EMISSIONS 

INVENTORY FOR THE ENERGY 

SECTOR 
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Tables 34 to 3-6 give details of the GHGs inventory for the energy sector, 
based on both the Reference and the Detailed Technology-based Approaches. 

Baseline Scenario Projection of the Sectoral GHGs Inventory to 2020 

Projections of GHGs emissions were developed using the Long-range 
Energy Alternative Planning System (LEAP) model. The methodology and key 
assumptions used are summarized in this section. On the demand side, the 
sectors considered were rural households, urban households, industry, 
agriculture, transportation and the commercial sector. On the supply side, the 
modules developed were transformation and distribution, electricity generation, 
oil refining, gas production, and coal production. The model was calibrated for 
the GHGs emissions inventory for the year 1991. The reason for selecting the 
year 1991 as the base year was the availability of a high level of disaggregated 
data for households and industry. Historical data for about fifteen years, 
beginning 1980, was analyzed to estimate energy intensities and to assess trends 
in demand for energy consuming items. 

prepared by the Government for the period extending to the year 2018, 
corresponding to the Twelfth Five-Year Plan. These indicators included the 
GDP, and breakdown of the GDP into sectoral and subsectoral shares in the 
case of industry, population, etc. Income distribution was based on the data for 
the year 1991 from the Pakistan Household Energy Strategy Study (HESS) survey 
(UNDP/EW/WB, 1993). Trends in income distribution were estimated from the 
data available in the Household Income and Expenditure Survey (FBS, 1986). 
For electricity generation, data on type of generation capacity and capacity 
utilization were obtained from the National Power Plan (WAPDA/CIDA, 1996). 

Assumptions of the Projection 

Macroeconomic indicators were obtained from the long-term projections 

Potentially, several factors can have a major impact on projections. At the 
macroeconomic level, key variables that can impact the projections are GDP, 
population, and income distribution. GDP projections were based on official 
Government forecasts. Trends in the past few years indicate a decline in the rate 
of growth of the GDP. While impacts in the short run will not be significant, 
errors can result in the long-term projections if the projected GDP growth rate 
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for the country is not realized. Similarly, errors can also result from deviations in 
projections for population and income distribution, which will impact 
projections for the number of households and appliance holdings. 

The National Power Plan assumes significant capacity additions in 
hydroelectric and coal-based power generation. Environmental issues can 
seriously affect the extent to which these capacities are actually installed. For 
example, construction of major dams for hydroelectric power generation has 
become increasingly controversial because of displacement and resettlement 
issues. Similarly, environmental impacts of coal mining and combustion are 
recognized as critical and major developments in the production of coal will be 
scrutinized for negative environmental impacts. 

For the industry sector, the energy required per unit of manufacturing value 
added (MVA) was kept at a constant level. This may not hold true in view of 
improvements in productivity and energy efficiency. 

In the transportation sector, a shift in the relative prices of gasoline and 
diesel will affect the demand for these fuels and the types of vehicles in use. The 
projections developed assume that current price ratios (i.e. relative prices) hold. 

In the agriculture sector and residential buildings, the projections were 
developed on the basis of past trends where price of electricity for these sectors 
has been subsidized. Removal of this subsidy will affect the demand for 
electricity in these sectors. Similarly, removal of subsidies in gas prices for the 
residential customers will affect the demand for gas in this segment. 

In the forestry sector, past trends in increase in the land available for 
cultivation were assumed to hold in the future. Increases in agricultural 
productivity can lower the demand for land, which may make land available for 
forestry. 

GHGs Inventory Projection to 2020 

Table 3-7 presents projections of the share of different fuels in energy sector 
emissions; Table 3-8 gives projections of the shares of different sectors in these 
emissions. The same information is presented graphically in Figure 3-2 (by fuel 
type) and Figure 3-3 (by sector). Comparisons between the years 1995 and 2020 
are summarized below. 

Coal 10.3% 20.9% 9.8% 

Diesel 22.9% 22.1 % 6.6% 

Gasoline 3.4% 4.2% 7.7% 

Source: The analysis is based on projections made using the LEAP 
model. 
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GHGs EMISSIONS IN CO2- 
EQUIVALENT BY FUEL (PERCENT 

OF TOTAL) 
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Fuel 1995 2020 
Cumultive 

Growth Rate, 
1995-2020 

Traditional Fuels 3.6% 0.8% 0.6% 

Fuel  Oil 17.7% 39.1% 10.2% 

Natural Gas 36.6% 10.6% 1.6% 

Other Fuels 5.5% 2.3% 3.0% 
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TABLE 3-8 
CO2-EQUIVALENT EMISSIONS 

BY SECTOR (PERCENT OF 

TOTAL) 

FIGURE  3-2 
PROJECTIONS OF ENERGY 

SECTOR GHGs EMISSIONS BY 

FUEL 
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Transport 22.5% 20.8% 6.4% 

Households 12.5% 7.8% 4.8% 

Fugitive 10.0% 3.8% 2.6% 

Source: The analysis is based on projections made using the LEAP model 

Salient features of the trends recorded in Tables 3-7 and 3-8 are discussed 
below: 

(i)    In 1995, natural gas contributed 36.6 percent of total CO2 emissions, 
followed by diesel (22.9 percent), furnace oil (17.7 percent), and coal 
(10.3 percent). By 2020, the share of furnace oil and coal in total 
emissions is expected to expand to 39.1 percent and 20.9 percent, 
respectively, while that of natural gas is expected to shrink to 10.6 
percent and that of gasoline and diesel is expected to remain at 4.2 
percent and 22.1 percent, respectively. 

contributed the bulk of the increase in GHGs emissions. 

depleted. However, Pakistan has signed memoranda of understanding 
with Turkmenistan, Iran, and Qatar for the import of natural gas, and 
gas imports are likely to begin in the medium term at least. In the 
meantime, imported fuel oil and coal will meet fuel demand in the 
power and industry sectors, which will contribute significantly to 
increase in GHGs emissions. 

(iv)  In the transportation sector, demand for diesel is expected to grow at a 
faster rate than gasoline. This can be attributed to the subsidized price 
of diesel, which is sold at about half the price of gasoline in the market. 

(ii)  High growth rates in industry, power generation, and transportation 

(iii)  Availability of natural gas will decrease as domestic reserves are 
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Fuel 1995 2020 
Cumalative 

Growth Rate, 
1995-2020 

Industry 25.5% 31.9% 7.7% 

Power 23.8% 29.9% 7.7% 

Agriculture 5.7% 5.8% 6.8% 
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FIGURE 3-3 
PROJECTIONS OF ENERGY 

SECTOR GHGs EMISSIONS 

BY SUBSECTOR 

Energy Activity Data 

In Pakistan, historical data on fossil fuels are available from a variety of 
secondary sources. However, data on marketed biomass fuels are comparatively 
weaker, particularly time-series data on non-marketed/self-consumed biomass 
fuels, which are practically nonexistent. A database on biomass fuels needs to be 
initiated to document their substantial consumption in Pakistan. 

Detailed fuel consumption data are available in different forms. These need 
to be converted to an appropriate form, e.g., tonnes of oil equivalent (toe) or 103 
tonnes to terajoules (TJ), to enable their use in future GHGs inventory updates. 
The conversion process is outlined in IPCC (1995a) and IPCC (1995c). 

To improve the quality of future inventory updates of GHGs emissions by 
fossil fuel combustion using the Detailed Technology-based Approach, more 
detailed and comprehensive data about the consumption of commercial fossil 
fuels in all economic sectors are required. The Energy Yearbook, the present 
source of this data, should provide figures that are more detailed. 

generation units and the quality of natural gas supplied from the main pipeline 
system to power plants is also required. This could be supplied by the Private 
Power and Infrastructure Board (PPIB), Government of Pakistan, and reported 
in the Power System Statistics and the Energy Yearbook. 

Activity data for industrial boilers and industrial kilns are currently not 
reported or documented. ENERCON (1988a) is the only available data source on 
the technology type and energy efficiency in industrial boilers. As industrial 
boilers contribute significantly to energy consuming sectors, activity data about 
them need to be disaggregated by sector and reported in the Energy Yearbook. 

Data on fuel consumption for mobile sources by vehicle type (i.e., gasoline 
vehicles, diesel vehicles, LPG vehicles, CNG vehicles, and other mobile vehicles) 
are required and should be reported in the Energy Yearbook. 

Local Emissions Factors 

Information about the quantity of fuels consumed at private thermal power 

In this inventory, the IPCC (1995b) and IPCC (1995c) recommended default 
emissions factors have been used to calculate GHGs emissions from the energy 
and transformation industries, industry, the transportation sector, and the small 
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3.2.4 LIMITATIONS OF THE GHGs 
INVENTORY DATA 
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3.2.5    CONCLUSIONS 

1 Estimations of CO2 emissions are based on 
the Detailed Technology-Based Approach for 
calculating CO2 emissions from energy 
related activities. 
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combustion category of GHGs sources. The use of default emissions factors 
indicates an absence of local data. Thus, the accuracy of the completed 
inventory of GHGs emissions from fossil fuel combustion activities is limited. 

Emissions factors for all non-CO2 greenhouse gases from fossil fuel 
combustion are generally technology-specific. The reported values, however, 
represent a wide distribution of possible values because of the influence of three 
factors: (i) the fuel type, (ii) technology and operating conditions, and (iii) 
maintenance and vintage of the technology. As such, the default values may not 
accurately represent the level of emissions from fossil fuel combustion activities 
in Pakistan. 

The federal and provincial environmental protection agencies were 
scheduled to commence implementation of the National Environment Quality 
Standards (NEQS) formulated by the Federal Environmental Protection Agency 
(EPA) in 1996. No substantive action has been taken in this regard yet, although 
some documentation of industrial units has begun. Local emissions estimates for 
the energy and transformation industries, industry, the transportation sector, and 
small combustion sources may become available as the work gets underway. It 
is required that a database of these emissions be created and that country- 
specific emissions estimates for each sector be calculated and updated regularly. 

As with stationary combustion, estimating emissions from mobile 
combustion requires consideration of many parameters, i.e., the transportation 
class, fuel consumed, type of fuel, type of technology, extent of emissions 
controls, operating characteristics, age of fleet, maintenance procedures, and the 
extent of emissions control technologies employed during and after 
combustion. These parameters should be considered in creating the database of 
emissions factors. 

During 1989-1990,62,625 Gg of CO2 was emitted from energy-related 
activities in Pakistan1. This constitutes 82 percent of the national total 76,188 
Gg of CO2 emitted. These emissions arose from fuel combustion activities in 
energy and transformation industries (i.e., the power sector), industry, 
transportation, and small combustion in agriculture, the residential sector, and 
the commercial sector. Of these subsectors, fuel combustion in industry had 
the greatest share of CO2 emissions, emitting 20,666 Gg or 27 percent of the 
total. Energy and transformation industries contributed 16,531 Gg or 21 
percent, while transportation accounted for 14,029 Gg or 18 percent of the 
total. Small combustion in the agricultural, residential, and the commercial 
sectors resulted in 11,398 Gg or 15 percent of the total CO2 emitted. 

during 1989-1990. Traditional biomass burned for fuel was the most significant 
source in the energy sector. Fossil fuel combustion accounted for 6,756 Gg or 
over 99 percent of the total 6,811 Gg of CO; 85 percent of this total was due to 
traditional biomass burned for energy. Over 99 percent of the total NOx 
emissions during this period (417 Gg) were a result of fossil fuel combustion in 
the power sector, industry, transportation, and small combustion. All NMVOCs 
(122 Gg) were emitted from fossil fuel combustion in the energy sector. 

Negligible quantities of methane (CH4) were also emitted from fossil fuel 
combustion in the energy sector. Traditional biomass burned for fuel, and 
fugitive emissions from fuels (notably, coal mining and handling and oil and 
natural gas activities) accounted for 323 Gg or 12 percent of the national total 
methane emitted during 1989-1990. 

Fossil fuel combustion in the energy sector also released non-CO2 emissions 
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The key strength of the GHGs inventory for the energy sector is the use of 
activity data by end-uses, processes, and technologies in all significant fossil fuel 
combustion sectors. In addition, emissions factors for some end uses in the 
transportation sector were local emissions factors, developed from existing 
research studies (ENERCON/UNDP, 1996). The inventory for this sector is 
limited primarily by the absence of local emissions data thus resulting in use of 
default emissions factors in fossil fuel combustion. 

Most of the data required to complete the GHGs inventory for the energy 
sector are compiled in the Energy Yearbook. The data are provided by utilities 
and private sector oil and gas companies. Inputs can be obtained from these 
organizations for systematic documentation of sectoral data, and development 
of local emissions factors for fuel combustion by end uses, processes, and 
technology. 

The energy sector is the single largest contributor of GHGs emissions in 
Pakistan, accounting for over 82 percent of CO2 emissions and almost 100 
percent of CO, NOx, and NMVOC emissions. Within the energy sector, fuel 
combustion activities account for the bulk of emissions; the only significant 
fugitive emissions recorded were CH4 emissions from transportation and 
processing of petroleum products and natural gas. The fuel combustion activities 
accounted for in the inventory include fuel combustion in energy and 
transformation industries, general industry, and transportation. In addition, small 
combustion, such as in the residential and commercial sectors, was also 
included in fuel combustion activities. In accordance with the IPCC guidelines, 
CO2 emissions from the burning of biomass were not included in the total 
energy sector emissions or in the total national emissions. 

of GHGs, it is obvious that the sector should also be the central focus of any 
mitigation program. Accordingly, a sizable number of options were developed 
with reference to this sector. Mitigation options in the energy sector were 
assessed using the Long-range Energy Alternative Planning System model, an 
energy accounting model using a ‘bottom up’ approach that requires the 
development of both baseline and mitigation scenarios. The modeling process 
began with the selection of an appropriate base year, which in this case was 
1990-91, and the development of baseline scenarios for each subsector. 
Mitigation scenarios were then defmed in accordance with the energy 
consumption patterns prevalent in the country. The results were analyzed to 
arrive at estimates of the tonnes of CO2 abated for each option, the costs 
involved in the implementation of the option, and the economic returns 
accruing to society as a whole as a result of the options’ implementation. 

Given the significant contribution of the energy sector in the total inventory 

Quantitative analysis of options was carried out using the LEAP model. The 
model was primarily used to calculate environmental and economic parameters 
including the cost per tonne of CO2 abated, incremental net present value (NPV) 
of investments, total investment requirements for the country, and the cost- 
benefit ratio. Spreadsheet models were developed to carry out financial 
assessment of options. Typical applications were analyzed using these models 
to calculate the internal financial rate of return (IFRR) for investments made by 
individual consumers or investors. 
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3.3.1 INTRODUCTION 
ABATEMENT  OPTIONS 

3.3.2 MITIGATION OPTIONS 
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Financial analysis was carried out on the basis of in-country market prices 
for products and technologies and for energy. Annual operating and 
maintenance costs were set as a percentage of capital costs. Prevailing utility 
tariffs for various customer segments were used. 

and technologies were corrected for import duties and internal taxes such as 
sales tax and excise duty to arrive at border prices. Energy prices were set on the 
basis of cost of producing the energy. A uniform discount rate of 8 percent per 
annum was used. 

The total CO2 abated was obtained from the LEAP model, accounting for 
impacts on demand as well as supply. Investments on the supply side include 
capital costs for production, conversion, transmission, and distribution of 
energy. For the supply side, total cost of implementation of an option was 
defined as the sum of discounted capital and operation and maintenance costs. 
On the demand side, investments were defined as incremental capital costs for 
switching to abatement options. Operation and maintenance costs on the 
demand side were assumed to remain constant. Benefits were calculated for 
both the demand and the supply side, and include savings in transmission and 
distribution losses and reduction in use of energy. The benefit-to-cost ratio for 
an abatement option was calculated as the ratio of incremental benefits to 
incremental costs. 

The IFRR and the qualitative criteria were used to assess the sustainability of 
the options. The IFRR was included to assess the willingness of the consumer or 
investor to invest in the option. If the technology was easily replicable, and the 
installation, maintenance, and operation comparatively simple, the option was 
considered relatively feasible to implement. 

was considered beneficial. Social acceptability was used as an indicator of 
prevailing consumer tastes and cultural preferences. 

The consistency of the option with national development plans, such as the 
annual, five-year, and long-term perspective plans, was evaluated to ascertain 
the support the implementation of the option would draw from the current and 
expected Government programs and projects. The constraints presented by the 
prevailing policy environment towards the implementation of an option were 
reviewed to assess the policy and institutional barriers toward implementation of 
an option. 

Finally, local environmental impacts such as reduction in pollution were 
considered to assess the desirability of the option from an environmental 
standpoint. The qualitative factors were incorporated into option assessment 
using the Hierarchical Preference (HIPFE 3+) software embodying the Analytic 
Hierarchy Process (AHP) methodology recommended for prioritization of 
options (HBP, 1998d). 

For economic analysis on the LEAP model, the market prices for products 

A project that generated employment and created a market for certain skills 

The mitigation opportunities considered in the energy sector and the cost- 
effectiveness of the options from the GHGs mitigation, financial, and economic 
standpoints are summarized in Table 3-9. The table gives estimates of the 
required investment for each device, GHGs emissions savings per device per 
year, cost-effectiveness (defined as incremental cost per tonne of CO2 abated [$ 
per tonne of CO2 abated]), IFRR, and benefit-to-cost ratio, for each demand side 
mitigation option. For the power sector options, parameters are given for 

PAKISTAN 

file:///Users/taralaan/Dropbox/Pakistan%20INDC%20&%20Low%20Carbon%20Scenarios/Forestry/13042016/SCREEN-2.pdf


SECTION 3 

implementation of each option at the national level. Detailed cost and benefit 
parameters used for cost-effectiveness estimation are listed in Appendix A1. 

options are analyzed and evaluated, have been reported separately in the Task 
B.3 report, HBP (1998a). The technical and economic parameters for the 
analysis, such as penetration rates, costs, technical saving potential, and annual 
energy usage of the different options are detailed in the technical appendix to 
this report. For the electricity saving options, the electricity generation 
requirement from different power plants is deduced automatically by the model 
based on the different dispatch priorities ascribed to the individual power plants. 
The options idenufied are discussed briefly below. 

A detailed description of all the options, and the criteria under which the 

Demand Options 

Industry Sector 

Industry is the single largest energy-consuming sector in the country, 
accounting for up to 38 percent of total energy consumed in the year 1995-1996. 
Over the past decade, there has been a gradual shift in the mix of fuels used in 
the sector with petroleum products (which have a relatively high emissions 
potential) now accounting for 27 percent of fuels used as compared to 17 
percent in 1990. More specifically, natural gas is gradually being replaced with 
furnace oil in a variety of industrial units. At present, the equipment being used 
in industry is generally obsolete and energy-inefficient, which adds to the 
problem. Maintenance services are generally inadequate, and very few 
operators are properly trained in handling machmery to maximize efficiency. 
There is thus considerable potential for reduction of energy costs in industry. As 
indicated in Table 3-9, investments in energy efficiency options in the industry 
sector are highly cost-effective. Investment required per tonne of CO2 abated 
ranges from $(-)28 to $(-)4, the benefit-to-cost ratios are above 2.3, and IFRRs for 
the consumer are above 32 percent per annum. Options that offer significant 
opportunities for reduction in GHGs emissions are discussed below. 

Cogeneration: Studies indicate a potential for 760 MW of cogeneration 
capacity in industry by the year 2005; thereafter, the capacity is estimated to 
increase with the individual industrial subsectors’ manufacturing value added 
until 2020 (ENERCON/HBP/MOPD, 1986). In addition to improved thermal 
efficiencies, and utilization of biomass fuels in the case of sugar industry, 
cogeneration offers significant benefits by decentralizing the availability of 
power and avoiding transmission and distribution losses, which average over 25 
percent for the country. With the exception of a few applications in the textile, 
paper, and sugar industries, this potential remains largely unused. Principal 
barriers are a lack of clear policy on purchase of power by the utilities from the 
cogenerators and availability of natural gas as a fuel for cogeneration 
installations. 

Boiler Efficiency Improvements: Most of the boilers installed in the 
industry are old and inefficient, and much of the new boiler capacity being 
added is based on used imported boilers and boilers reclaimed from the ship- 
breaking industry. Average thermal efficiency of the boilers in the country is 
estimated at 70 percent; the efficiency of a new boiler in the country is around 
78 percent, contrasted with the current industry standard of 85 percent. The 
industrialists prefer to use scarce capital for the main production operations, and 
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investments in improving the efficiency of utilities are given a low priority. 
Waste Heat Recovery: The potential for recovery of waste heat from 

process furnaces and liquid effluent streams is largely unused. This is partly due 
to a scarcity of capital for investment in waste heat recovery systems. In addition, 
the economies of scale are also not favorable in a number of industries such as 
steel, glass, and ceramics, where the typical size of an operation is much smaller 
than the prevailing world standards. 

Restructuring of the industry is expected in view of reduction in import 
tariffs, which will put pressure on the industry to modernize and adopt waste 
heat recycling practices to be able to compete in the international market. This is 
expected to effect an increase in the demand for waste heat recovery systems. 

Use of High-Efficiency Electric Motors: High-efficiency motors available 
in the international market are about 4-5 percent more efficient than the 
standard products being marketed by local manufacturers of electric motors. 
The market for high-efficiency motors to replace existing motors is very limited, 
because of problems associated with retrofitting. However, the economic 
benefits of using high-efficiency motors for new industrial applications are very 
attractive. Nevertheless, in evaluating the use of high efficiency motors in the 
country, it is estimated that 30 percent of the total motors in use in the industry 
by 2020 will be high-efficiency devices. This share intrinsically takes into 
account both the new applications and retrofits. 

Residential and Commercial Subsector 

The share of the residential and commercial subsectors in the energy sector 
GHGs emissions inventory was 12.45 percent in 1995. It is estimated that the 
average annual growth rate of electricity consumption in the residential sector 
was over 10 percent for the years 1985-1995. The high rate of rural-urban 
migration, and increase in disposable incomes have made an impact in the form 
of increased demand for such commodities as lighting systems and household 
appliances. The most commonly used appliances include electric fans and 
refrigerators-an estimated 1.6 million fans are sold in the country every year. 
Similarly, although air conditioning units are classified as luxury items, the 
estimated annual average growth rate of their sales is close to 14 percent. 

About 40 percent of total electricity consumed in Pakistan in 1990-1991 was 
consumed in buildings. However, buildings are very seldom designed in 
accordance with local climatic conditions and, consequently, the energy costs of 
use of the premises are generally far from optimal. 

and commercial sectors for 1995 is shown in Table 3-10. The actual shares of 
electricity-consuming appliances were available for 1991 in the HESS survey 
(UNDP/EW/WB, 1993). The aggregate electricity consumption for 1995 was 
subsequently split to estimate the shares of individual appliances in 1995. In 
developing options in these sectors, efficiency improvements in domestic 
refrigerators, deep freezers, fans, water heaters, and electric lighting were 
considered. The electrical appliances account for approximately 80 percent of 
the total sectoral electricity energy consumption of the domestic and commercial 
sectors. As indicated in Table 3-9, investment in these options is highly cost- 
effective. Investment required per tonne of CO2 abated ranges from $(-)22 to $2, 
the benefit-to-cost ratios are above 0.9, and IFRRs for the consumer are above 16 
percent per annum. The availability of high-efficiency appliances in the market 
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is limited. This is generally attributable to lack of energy efficiency standards, 
labeling requirements, and the low level of consumer awareness on cost- 
effectiveness of alternatives. Issues specific to these options are discussed below. 

Refrigerators and Deep Freezers: High-efficiency refrigerators being 
marketed elsewhere in the world consume approximately 25 percent less 
electricity than the refrigerators presently marketed in Pakistan. The technology 
for producing energy-efficient refrigerators includes tested measures such as use 
of high-efficiency compressors and additional insulation. Typically, a high- 
efficiency refrigerator costs 17 percent or $85 more than an ordinary one. Most 
of the units sold in the country are produced locally, and a switch to the more 
efficient designs can be accomplished relatively easily through changes in the 
existing production lines. 

Ceiling Fans: Fans produced by the local cottage industry account for 
approximately 80 percent of the market. The materials used to manufacture 
these fans, such as copper and silicon steel, are low-grade, which increases their 
energy consumption by about 47 percent. A standard fan using high quality 
materials costs about 30 percent more. 

quality control standards in the industry and, possibly, a shift to large-scale 
manufacturing. This would adversely affect the employment levels in the 
industry, and would have an impact on the ability of consumers in the low- 
income groups to purchase the higher-priced quality products. 

Electric Lighting: Lighting practices in the residential and commercial 
buildings offer considerable potential for electricity savings. Opportunities 
include increased use of ordinary and compact fluorescent lamps, task lighting, 
use of reflectors in lighting fixtures, and use of high-efficiency lighting products. 
Studies conducted in selected residential and commercial buildings indicate that 
electricity demand for lighting can be reduced by up to 17 percent by using the 
available technologies. 

Water Heaters: Gas-fired water heaters account for approximately 10 
percent of the demand for gas in residential and commercial buildings. The 
demand for gas-fired heaters is expected to increase at about 6.5 percent per 
annum in the future, and the share of gas consumed for this application is 
expected to increase. 

demand for efficient water heaters is expected to grow as domestic gas tariffs are 
rationalized. More efficient designs can be fabricated easily by the existing 
manufacturers through simple modifications in production lines. 

do not incorporate energy efficiency features such as roof insulation, 
appropriate building orientation, and natural ventilation. Studies conducted by 
ENERCON on energy use in buildings show that improvements in design can 
reduce air conditioning loads by up to 45 percent, and considerably improve the 
comfort levels (ENERCON/MOPD/RCG HBP, 1990). Barriers to adoption of 
these measures are lack of awareness among the architects and homeowners, 
and the inability of the homeowners to finance such measures. 

Transportation 

Phasing out production of substandard fans would require promotion of 

At present, gas prices are heavily subsidized for domestic consumers. The 

Energy-Efficient Building Designs: Building design practices in Pakistan 

The transportation sector is the second largest energy consuming sector 
after industry, and accounts for 23 percent of GHGs emissions in the energy 
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TABLE 3-9
SUMMARY OF POTENTIAL GHGs 
MITIGATION OPPORTUNITIES IN 

PAKISTAN

Source: HBP projections/LEAP results 
a. In the case of the demand side 

options, emissions reduction refers to 
the annual saving in emissions that 
would accrue from the use of a 
single energy efficient unit in place 
of the conventionally used device. In 
the case of the supply options, this 
value is the total emissions reduction 
potential over the study period 2000- 
2020 at the national level. 
The cost -effectiveness is the cost of 
emissions reduction and is obtained 
by dividing the total incremental 
cost of the option by the  potential 
CO2 saved on the countrywide level, 
for the study period 2000-2020. 

b. 
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sector. Emissions from the transport sector are substantial, as road transport, the 
most common form of transportation in the country, relies almost exclusively on 
petroleum products. Vehicle maintenance facilities are generally inadequate, 
and fuel-efficient engines have yet to be introduced on a large scale. Mitigation 
options assessed for this sector include improved engine and vehicle 
maintenance, and use of improved engine designs. As indicated in Table 3-9, 
investment in these options is highly cost-effective. Investment required per 
tonne of CO2 abated ranges from $(-)5 to $(-)12, the benefit-to-cost ratios are 
generally above 1, and IFRRS for the consumer are above 16 percent per annum. 
Other important aspects of these options are discussed below: 

Energy Efficient 585 0.08 -11.3 16.6 1.1 
Refrigerators 

Energy Efficient Fans 54 0.04 -20.7 36.1 2.2 

-21.9 50.0 4.5 Energy Efficient Lighting 
Systems 

Energy Efficient Water 
Heaters 

Improvements in Building 
Design 

45 0.09 

200 0.34 -9.2 43.8 6.6 

4,250 0.83 1.9 19.8;0.9 

-10.5 31.9 2.5 

-4.2 64.0 3.2 

Energy Efficient Boilers 165,000 562

90,503 728 Waste Heat Recovery 
Systems 

Cogeneration 2,400,000 5,813 

Energy Efficient Motors 

-27.6 36.3 5.6 

1,475 1.5 -12.5 50.8 2.3 

Reduction in Gas T&D 26,395,000 4,360,230 -1.4 40.6 7.9
Losses 

Reduction in Electricity 1,395,000,000 4,278,650 -13.2 19.6 2.2
T&D Losses 
Substitution of Oil and 
Coal with Natural Gas 

17,050,000.000 7,941,980 2.4 23.0 1.0

 10 0.79 -5.3 221.7 2.0Improvement in Engine 
Maintenance Practices  

Improvements in Vehicle 265 1.63 0.7 6.6 0.9
Maintenance Practices 

Energy Efficient Engine                           28,046 13.22 11.6 13.2 0.5
Design 

Mini/Micro Hydel 2,000,000 11,665 -2.1 28.3 1.5
Systems, 2 MW 

Solar Photovoltaic  1,535,000 3,403 26.3 3.6 0.5
Systems, 1 MW 

Wind Power Generation, 19,330,000 43,753 1.3 9.8 0.5
15 MW 

Solar Water Heaters 394 1.7 -5.0 43.6 1.8

8,150,000 20,480 -10.3 7.2 2.4Waste-to-Energy 
Generation. 5 MW 
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Improved Engine Maintenance: Field tests conducted by ENERCON 
show that improved engine maintenance practices such as engine diagnostics 
and tuning can result in savings of up to 6 percent in fuel use, and thus offer 
attractive returns to vehicle owners (ENERCON/UNDP, 1996). However, lack of 
trained manpower and a low level of awareness among vehicle owners have 
been the main reasons for limited adoption of these measures in the country. 

A GEF-funded program for improvement in fuel efficiency in the road 
transport sector is already being implemented by ENERCON with assistance 
from the UNDP. 

Improved Vehicle Maintenance: Adopting vehicle maintenance 
practices, such as wheel alignment and balancing, brake adjustment, and timely 
replacement of tires, can reduce fuel consumption by about 12 percent. The 
constraints in implementation of this option are similar to those for improved 
engine maintenance. 

Improved Engine Design: The engine technologies being used by 
manufacturers assembling vehicles in the country are generally outdated. Special 
features that result in improved fuel efficiency, such as fuel injection, are offered 
by a limited number of manufacturers. Introduction of fuel efficiency standards 
for new vehicles and collaborative programs for introduction of fuel-efficient 
cars over the long run can result in significant energy savings in the transport 
sector. 

Supply Options 

The power sector accounts for 24 percent of GHGs emissions in the 
country. The country depends on hydroelectric sources for 38 percent of the 
power produced. The remaining demand is met from oil-and gas-fired units. 
New capacity additions consist of oil-fired steam plants and gas-fired combined 
cycle units, while the future plans call for substantial additions of gas-fired 
combined cycle capacity. Use of local coal reserves for power generation is 
being explored as the economics of coal production from reserves discovered 
have yet to be established. While the options available to the country on the 
generation side are fairly limited, significant opportunities exist for reducing 
GHGs through fuel switching and reduction in transmission and distribution 
losses. These are discussed below. 

Fans 33.2 

Source: HBP projections based on HESS data 
(UNDP/EW/WB, 1993). 
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TABLE 3-1 0 

ELECTRICITY CONSUMPTION IN 

1995 

SHARES OF APPLIANCES IN 
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Appliances Percent 
Share 

Electric lighting 33.7 

Refrigerators/Freezers 12.2 

Electric irons 8 

Air conditioners 4.6 

Air coolers 1.1 

Other appliances 7.2 
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Reduction in Electricity Transmission and Distribution Losses: 
Electricity T&D losses have averaged 25 percent for WAPDA and 37 percent for 
Karachi Electrical Supply Corporation (KESC) systems, giving a weighted 
average of 26 percent for the country. The electricity T&D losses percentage 
reflects both the system losses and the theft of electricity. The available 
information is not sufficient for analysts to clearly determine the shares of these 
two components. 

and the National Power Plan Update (WAPDA/CIDA, 1996) developed recently 
call for investment and measures to reduce these losses to internationally 
acceptable levels of less than 15 percent. Tariff subsides in some sectors and 
high tariffs in others further exacerbate the situation by encouraging thefts and 
leakages. Attempts to restructure and reorganize the existing national utilities to 
reduce T&D losses have not been successful. Initiatives that hold promise are 
rationalization of tariffs followed by privatization of electricity distribution 
systems. 

Substitution of Oil with Imported Natural Gas: Thermal power plants 
presently account for 75 percent of fuel oil consumption in the country. The 
demand for fuel oil in the power sector is expected to grow from 4 to 31 million 
tonnes by the year 2020. Studies on import of gas from neighboring gas rich 
countries such as Turkmenistan and Iran show that imported gas can be 
delivered to the in-country markets at lower prices than imported fuel oil. Most 
of the thermal power plants in the country are equipped for dual fuel firing, and 
switching to gas from fuel oil can be accomplished in a short timeframe with 
minimum expense. 

Fugitive Emissions from Fossil Fuels: Gas T&D system losses have 
increased from about 3 percent about ten years ago to the current level of about 
7 percent. The causes and possible remedies for them are similar to those for the 
electricity T&D losses. 

Renewables 

Plans developed for the power sector as a part of national five-year plans 

The potential for renewable energy has remained largely untapped in the 
country. With the exception of mini- and micro-hydroelectric power generation, 
this sector has been plagued by institutional and policy failures. New initiatives 
will therefore have to be supported by incentives to promote investments in the 
private sector, combined with rationalization of tariffs and establishment of clear 
guidelines for purchase of power generated from renewable sources. 

As indicated in Table 3-9, investments in renewable sources are viable from 
both the GHGs mitigation and the financial perspective. The Government is 
presently pursuing a policy to privatize existing power generation, transmission, 
and distribution systems, and plans no new investments in the power sector. 
Renewable sources of energy cannot compete commercially with established 
means of power generation. This policy is thus likely to be unfavorable to 
renewables. Therefore, fiscal and monetary incentives will be needed to     
promote renewable and environment friendly technologies. Opportunities in 
this sector are discussed below. 

Mini/Micro Hydroelectric Plants: Small-scale and village-based mini- 
and micro-hydroelectric systems have been successfully promoted by a number 
of institutions such as the Small Hydel Development Organization (SHYDO) 
and the Aga Khan Rural Support Program (AKRSP). 

PAKISTAN 
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Photovoltaics: Experiments with village-based centralized photovoltaic 
(PV) systems have not been successful, and more than 20 such systems installed 
in the country are presently out of order and lying idle. New initiatives will have 
to be based on either grid-based systems or units for individual households and 
devices for pumping water for agricultural use. Substantial effort will be required 
to build capacities for marketing and supporting PV technologies for such 
applications. 

installation of wind turbines for power generation along the coastal belt in the 
Baluchistan and Sindh provinces.1 Further studies will be commissioned 
shortly, under a GEF-sponsored project for installation of a 15 MW 
demonstration project in a coastal town in Baluchistan. 

successfully by one domestic manufacturer of appliances. Large-scale 
manufacture and marketing of solar water heating systems has not been initiated 
as yet, as tariffs on imported materials and local taxes on sales make the product 
prohibitively expensive. Subsidized gas tariffs in the domestic sector also make 
the solar water heating systems less competitive. The market for solar water 
heaters is expected to expand; policies for reducing import tariffs and 
rationalizing domestic gas tariffs are being considered, and the cost of 
competing fuels such as biomass and kerosene is expected to increase. 

Agriculture 

Wind Power Generation: Preliminary studies have identified sites for 

Solar Water Heating: Solar water heating units have been test marketed 

The two fuels used in agriculture are electricity and diesel oil. Electricity is 
primarily used to operate tubewells and turbine pumps to draw water from the 
ground. Diesel oil is used both in pumps and tubewells, and in land preparation 
activities. Tractors consume most of it in land preparation, while the remaining 
small portion is used to operate other agricultural equipment. 

nearly 8 percent per year. This is because the country has a predominantly 
agriculture-based economy and, judging from the historical growth rate, the area 
under cultivation is expected to increase from 26.7 to 30.5 mha. Increased 
mechanization in agriculture will also raise the fuel requirement. The increase in 
demand for energy for tubewells and tractors will lead to higher emissions in the 
country. Keeping in view their increasing use in agriculture, two options have 
been identified to reduce the national demand for fossil fuels and, thus, reduce 
emissions. These are discussed below. 

Energy Efficiency Improvements in Agriculture Tubewells and 
Pumps: The results of a survey (Reinemann, Douglas J. et al., 1989) show that 
the average efficiencies of diesel- and electricity-driven tubewells in the country 
are 5-7 percent and 20-22 percent respectively. The technically achievable 
efficiency is around 70 percent for electrical tubewells and more than 22 percent 
for diesel pumps. Thus, there is a large potential for improvement in the end-use 
energy efficiency of both tubewell types. 

Energy Efficiency Improvements in Tractors: It has been estimated that 
the overall efficiency of an average tractor with an average operator is around 7 
percent (ENERCON, 1988b). This is approximately 47 percent of the achievable 
efficiency of the tractor. In view of the present low efficiency of tractors in the 
country, and the fact that the agriculture subsector accounts for about 20 percent 

The energy requirement of this subsector is estimated to grow at the rate of 
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1 UNDP/GEF Proposal for PDF Block B 
Grant for a project on Commercialization 
of Wind Power Production in Pakistan. 
Requesting Agency: Government of 
Pakistan/UNDP. 
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3.4 BASELINE AND 
ABATEMENT SCENARIOS 
TO 2020 

3.4.1 APPROACH AND 
METHODOLOGY 
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of the total diesel consumption among the demand side sectors, energy efficiency 
improvements in tractors are an attractive mitigation option. 

Waste 

Methane produced from the decomposition of municipal and industrial 
waste is estimated to contribute 338,000 tonnes per year to total methane 
emissions. With the passage of the new Environmental Protection Act (GoP/ 
MLPA, 1997), industry is expected to invest in treatment of industrial wastewater, 
which is expected to substantially lower methane emissions associated with 
industrial waste. Similarly, the new Act calls for strict measures against 
municipalities that do not comply with standards for dsposal of liquid municipal 
effluents. 

process. The existing laws and regulations do not permit privatization of 
municipal waste collection services. The municipalities do not have the 
equipment or the management capacity to handle the collection and disposal of 
solid waste. Funds for investment in collection and disposal of solid waste are 
also not available as the concept of tipping fees and user charges for disposal 
have yet to be introduced. 

A demonstration project for generation of power from landfiil gas was 
suggested for the city of Lahore for funding under the GEF. The project was 
designed to produce about 5 MW power from 300,000 tonnes per year of 
municipal solid waste. A number of policy issues, includmg those discussed 
above, have to be resolved for this project to move ahead. Once its benefits are 
demonstrated, this project can be replicated in other major cities of the country. 

Disposal of solid waste has received little attention in the national planning 

Energy generation and consumption is a complex process. It entails the use 
and conversion of (i) commercial fuels (oil, gas, and coal); (ii) noncommercnl 
fuels (firewood, dung, and crop residues), of which a major portion is collected 
for own-consumption; and (iii) ‘clean’ fuels, such as hydroelectricity and nuclear 
power. It is difficult to quantify each and every fuel source, especially in an 
historical context where data gaps are large. Therefore, before such an exercise 
is attempted, it is important to be clear about the underlying objectives and to 
prioritize them with a view to narrowing down the field of inquiry. 

anthropogenic greenhouse gas emissions. Thus, for instance, noncommercial 
fuels (fuelwood, crop residues, and dung) need to be considered from the 
perspective of their net contribution to GHGs emissions, represented by a 
persistent depletion of forest stocks—–a common occurrence in developing 
countries. An additional sufficient condition is that a realistic scope for emissions 
mitigation exists, both at the technical and institutional levels. 

In Pakistan’s case, the available historical database on fossil fuels is sufficient 
for adequately accurate documentation, construction of baseline and mitigation 
scenarios, and formulation of a mitigation action plan. On the other hand, time- 
series data on non-marketed (self-consumed) biomass fuels are practically non- 
existent. This is a serious deficiency, especially as the quantity of non-marketed 
biomass fuels consumed in 1991 was greater than marketed biomass fuels by a 
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factor of 19. Efforts should be made to address these data deficiencies, both in 
view of their implications for inventory preparation as well as for analysis of 
mitigation options.1 

The stated data constraints define the framework  for an analysis of the 
national energy system, in particular, of macro and sectoral trends in final energy 
consumption and conversion. This analysis is a precondition for the elaboration 
of detailed programs to reduce GHGs emissions. 

A bottom-up approach was used in developing the mitigation scenario. All 
of the mitigation options identified were first analyzed separately, and then an 
abatement scenario  for the country was designed applying all the options 
simultaneously. Projections for baseline and mitigation scenarios  were 
developed using the LEAP model. Major constraints in application of the model 
have been outlined in Section 3.2.3. The approach used in development of the 
projections is summarized in the following section. 

Every aspect of development, whether in the economic, social, 
environmental, or infrastructural sphere, tends to directly or indirectly impact 
energy use and emissions patterns. The development of baseline and mitigation 
scenarios therefore presupposes the specification of certain assumptions for the 
two cases. Baseline and mitigation scenario assumptions are summarized in 
Table 3-11. Key assumptions in the development of the scenarios are discussed 
below. 

Forest, percent 3.96 3.96 3.96 3.96 

Agroforestry, percent 0.00 0.27 0.61 0.95 

Agricultural Land, percent 24.10 23.82 23.48 23.14 

Wasteland, percent 39.25 39.25 39.25 392.5 

Rangeland, percent 32.25 32.09 31.94 31.78 

Watershed Plantation, percent 0.15 0.31 0.47 0.63 

0.29  0.60 0.76 0.92 

Services GDP, percent 52.94 54.00 54.00 50.30 

Population growth projections have been taken from the forecasts 
developed  by the Planning Commission for the Ninth Five-Year  and Perspective 
Long Term Plan (PC, 1997). Population growth rate is expected to drop from 3.1 
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3.4.2 SCENARIO ASSUMPTIONS 

TABLE 3-1 1 
SCENARIO ASSUMPTIONS 

1 Data on non-marketed biomass fuels is 
only available for 1991, when the 
Household Energy Survey (HESS) was 
undertaken (UNDP/EW/WB, 1993). More 
surveys of this nature need to be carried 
out, in conjunction with a search and 
consolidation of secondary data. In 
addition, through the use of satellite 
imagery and other means, stock 
replacement needs to be evaluated in 
order to assess net emissions. 
!"#$%&'()*+( ,-../01(
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Scenario Assumption Year 
Base 

1991 
2000 2010 2020 

Other,  Percent 

Industrial GDP, percent 17.88 18.10 22.60 31.14 

Population, Million 

Urban Population as Percent of Total 
Population 

Land Area, sqkm 

115.680 

30.53 

795,778 

146.550 

33.92 

795,778 

185.140 

36.60 

795,778 

222.410 

40.45 

795,778 

GDP per capita, base year constant $ 

Livestock Population 

Discount Rate 

Oil Price, $/barrel 

401.95 

263.8 

8% 

21.39 

516.00 

NA 

8% 

19.48 

731 

NA 

8% 

22.16 

1,090.40 

NA 

8% 

22.16 

GDP, base year constant $ billion 46.49 75.61 135.42 242.51 

Agriculture GDP, percent                 25.95      23.80    18.80     14.70
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3.4.3 BASELINE SCENARIO RESULTS 
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percent in the base year (1991) to 2.5 percent by the year 2000, and is estimated 
to be about 1.8 percent in the year 2020. Population growth rates were assumed 
to remain unchanged in the mitigation scenario. 

Plan (GoP/RCA, 19921. Slight changes in land area under some land use 
categories are expected under the mitigation scenario for the forestry sector. This 
change is not expected to impact the energy sector in the base or mitigation 
case. Data on urban land use were not available. 

GDP projections were also taken from the forecasts developed by the 
Planning Commission for the preparation of the Ninth Five-Year and Perspective 
Long Term Plan (PC, 1997). The aggregate GDP is expected to grow at 5 percent 
annually up to the year 2000, and by 6 percent annually afterwards. Industrial 
activity (measured as manufacturing value added [MVA]) is expected to increase, 
reflecting a gradual transformation  from a traditional agriculture based economy 
to one where industry is the largest contributor to the GDP. The share of GDP 
and distribution of GDP was assumed to remain unchanged in the mitigation 
scenario. 

percent in 1991 to 40.4 percent in the year 2020, reflecting the historical trends of 
urbanization. 

relatively unchanged thereafter. The price of imported natural gas is assumed to 
be 95 percent of the carriage and freight (C&F) price of furnace oil. 

A discount rate of 8 percent which is within the range of 8 -12 percent 
suggested for ALGAS was assumed. 

The areas of various land uses were taken from the Forestry Sector Master 

The percentage of urban population is expected to increase from 30.5 

Oil prices are expected to decline slightly up to the year 2000, and remain 

Scenario projections were developed at the subsectoral level using the 
LEAP model. Economic activity levels, structure of the subsectors, number of 
end-use devices, and energy intensities were specified on the basis of the 
available data. Projections were developed taking into account the GDP growth 
rates at national and sectoral levels, population growth rates, and economic 
activity levels projected in national plans such as the Ninth Five-Year Plan. 

The baseline energy intensities for domestic, commercial, transport, 
agriculture, and industry subsectors were calculated for each end-use activity 
based on the data obtained through different studies carried out in the country. 
The detailed parameters used in developing the baseline are covered in the 
National Baseline Scenarios (HBP, 1998b). The development of the baseline 
scenario in specific subsectors is discussed below. 

Energy Demand 

In 1991, the domestic and commercial sectors accounted for 56 percent of 
the demand for energy, followed by industry (28 percent), transportation (12 
percent), and agriculture (4 percent) (see Figure 3-4). Projected energy demand 
by subsectors is given in Table 3-12 and Figure 3-4. 

transportation subsectors are 8 percent, 6 percent, and 7 percent, respectively. 
These rates are above the overall projected growth rate for energy demand, 
which is 5 percent in the period 1991-2020. 

subsectors is estimated at 2 percent. Noncommercial fuels, used primarily in 
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Projected growth rates for energy demand in the agriculture, industry, and 

Projected growth rate of energy demand in the domestic and commercial 
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rural areas, account for a significant portion of demand for energy in this 
subsector. The supply of noncommercial fuels is not expected to expand in 
future. The growth in demand will therefore be attributable to commercial fuels 
used in the urban areas only. The breakdown of energy demand in the domestic 
and commercial sectors by fuel type is discussed later in this section. 

TABLE 3-12 
! "# $%&"#$%' ()$&"#*% ( '%

$+ $) , -%.$/"+.  !- %

#0!#$&*()#%

   22 27 35 42 2%

56% 47% 38% 28%

    2 3 6 14 8% 
Agriculture 

4% 5% 7% 9% 

Transportation 
12% 18% 20% 21% 

!"#$%&'(() *&(+,+-./0/(0/(1+/&2(",( 3$"4&%50",/(6+2&(#/0,7(5*&(89:;( 6"2&-!

FIGURE 3-4 
! "# $%&"#$% ' ()$&"#*% ( '%

#0!#$&*()#%

$+$) , -%. $/"+.% !-%

"#$%&'()))*+') ,-,./010)10)2,0'3)#-)4%#5'&61#-0)7,3') $01-8)6+')9:;<) 7#3'.!)

Residential and Commercial Energy Demand 

Household energy demand was calculated and projected on the basis of 
data collected under the Household Energy Strategy Study (UNDP/EW/WB, 
1993). Rural and urban households were considered separately. Households in 
both the rural and urban categories were further divided into high-, middle-, and 
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and 
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share 

2000 
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and 
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2010 
million toe 

and 
percentage 
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2020 
million toe 

and 
percentage 

share 

Annual 
Cumulative 

Growth 
Rate 

(ACGR) 

11  17  32   62  6%  

28% 30% 35% 42% 

   5  10 19 32 7%  

40 57 93 150 5%  

100.00% 100.00% 100.00% 100.00% 

Industry 

Total 

Domestic and 
Commercial
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low-income groups. Population growth rate, number of households, and the 
size of the household for each of the subgroups was projected to the year 2020. 

Appliance holdings for each of the subgroups were specified by various 
end uses such as cooking, water heating, space heating, space cooling, and 
lighting. Energy intensity or annual energy use for each appliance type for each 
subgroup of households was also specified. Energy intensity was assumed 
constant over the projection period. However, appliance-holding levels were 
projected to increase with income and time. 

Domestic and commercial energy demand is expected to increase from 22 
million toe in 1991 to 42 million toe in 2020 (Table 3-13 and Figure 3-5). 
Noncommercial fuels (firewood and biomass) dominated fuel demand, with a 
share of 81 percent in 1991. The availability of noncommercial fuels is expected 
to remain restricted, and the share of such fuels in overall energy demand is 
expected to decline to 55 percent in 2020. With the decrease in the share of 
firewood and biomass, the combined share of commercial fuels including 
natural gas, kerosene, and LPG is expected to increase correspondingly from 14 
percent in 1991 to 32 percent in 2020. As the availability of LPG in the country 
improves, the share of kerosene in energy demand is expected to decrease. The 
share of electricity in energy demand is expected to increase from 6 percent in 
1991 to 13 percent in 2020, reflecting improvements in standards of living and 
increasing urbanization. 

TABLE 3-13 
RESIDENTIAL AND COMMERCIAL 

ENERGY DEMAND IN THE BASE 

CASE 
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5% 

2 3 7 12
Natural Gas 7% 

8% 13% 21% 29% 

1 1 1 1 

5% 2% 2% 2% 

0 0 0 1 

1% 1% 1% 1% 

18 20 23 23 

81% 76% 66% 55% 

-1% 

LPG           5% 

1%

22 27 35 42 

100% 100% 100% 100% 

Source:   The analysis is based on projections made using the LEAP model.

Total        2% 
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FIGURE 3-5 
RESIDENTIAL AND COMMERCIAL 

SUBSECTOR ENERGY DEMAND IN 

THE BASE CASE 

Source:  The analysis is based on projections made using the LEAP 
model. 

Industry 

The industry data were disaggregated into the following seven sectors: food 
and beverages, textile, iron and steel, chemical, fertilizer, non-metallic minerals, 
and others. Energy intensity in each of the sectors in terms of toe/MVA for each 
type of energy was obtained from the Census of Manufacturing Industries, 
1991 (FBS, 1991). The energy intensity and MVA for each sector were used to 
calculate and project its energy use. For each of the subsectors, end use of 
energy was specified as process heat, steam generation, motive power, and 
captive power or self-generated electricity. Energy use at end-use level by fuel 
type, such as electric and gas furnaces in the case of process heat, was also 
specified. Projections for end use of energy were developed in this manner. 

percent in the period 1991-2020 (Table 3-14 and Figure 3-61, from 11 million toe 
to 62 million toe. As the availability of natural gas decreases, its share in 
industrial energy use is expected to decline from 42 percent to only 2 percent; 
this will be further facilitated by the Government’s policy to give priority to the 
domestic sector in gas allocation. It is expected that the deficit in gas will be 
made up by oil, and the share of furnace oil is therefore expected to increase 
from 10 percent to 45 percent from 1991 to 2020. 

Industrial energy demand is expected to grow at an average rate of 6 

TABLE 3-14 
INDUSTRY SUBSECTOR ENERGY 

DEMAND IN THE BASE CASE 

1 2 3 8 

8% 
  
9% 11% 13% 

4 8 5 2 

8% 

-2% 
42% 47% 15% 4% 

PAKISTAN      PAGE 65 

1991 
million toe 

and 
percent 
share 

2000 
million toe 

and 
percentage 

share 

2010 
million toe 

and 
percentage 

share 

2020 
million toe 

and 
percentage 

share 

Annual 
Cumulative 

Growth 
Rate 

(ACGR) 

Electricity 

Natural Gas 

file:///Users/taralaan/Dropbox/Pakistan%20INDC%20&%20Low%20Carbon%20Scenarios/Forestry/13042016/SCREEN-2.pdf


SECTION 3 ENERGY SECTOR ASSESSMENT 

0 0 0 1 

1% 1% 1% 1%

1 2 13 28

10% 10% 39% 45%

2 3 6 15

19% 16% 18% 24% 

2 3 5 9

8% 

  12% 

7% 

5% Noncommercial 
fuels 21% 18% 16% 14%

11 17 32 62

100% 100% 100% 100%

Source:   The analysis is based on projections made using the LEAP model.

6% 

F IGURE 3-6 
INDUSTRY SUBSECTOR ENERGY 

DEMAND IN THE BASE CASE 
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Source:   The analysis is based on projections made using the LEAP model. 

Transportation 

In the transport subsector, the analysis was conducted separately for private 
road vehicles, public transport, passenger and freight rail, mass transit, and air 
traffic. Stocks of vehicles, such as cars, trucks, buses and vans, were projected 
on the basis of historical data. 

For cars, the activity level in terms of kilometers traveled per year and 
energy intensity in terms of fuel consumed per Kilometer were specified and 
projected for each type of vehicle. For trucks and railway freight, activity levels 
and fuel use were specified in terms of tonne-kilometers. For buses and other 
passenger vehicles, passenger-kilometers traveled were used as a basis to 
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estimate activity levels and fuel use. Fuel used for the sector as a whole was 
estimated and projected in this manner. 

As shown in Table 3-15 and Figure 3-7, diesel will continue to be the 
dominant fuel in the transportation subsector. The demand for diesel is expected 
to grow from 3 million toe to 23 million toe in the period 1991-2020, at an 
average rate of 7 percent. The share of diesel in the total fuel demand is 
expected to increase from 64 percent in 1991 to 72 percent in 2020. This is 
mainly due to the policy of the Government to maintain the price of diesel at 
about 50 percent of the price of gasoline. 

TABLE 3-15 

1 2 4 8

25% 23% 23% 25%

1 1 1 1

7 

Aviation Fuel 2 
11% 7% 4% 3%

3 7 14 23

64% 70% 73% 72%

5 10 19 32 

100% 100% 100% 100%

Source:  The analysis is based on projections made using the LEAP model. 

7 

Total            7

Source:  The analysis is based on projections made using the LEAP model. 
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Agriculture 

In the agriculture sector, analysis was conducted for irrigation and land 
preparation activities. The number of electric and diesel tubewells were 
estimated separately, on the basis of historical data for the number of tubewells 
per unit of area under cultivation. Energy use data, in terms of toe diesel per 
tubewell and kilowatt hours per tubewell, were obtained from !"#$%&'(&#)'*
+()($,($%,*-.*/)0$,()12 published by the Ministry of Food and Agriculture (FALD, 

irrigated area were developed on the basis of historical trends in the sector. 

A similar approach was adopted for energy use in land preparation 
activities. Projections were developed on the basis of cultivated area, tractors per 
unit of cultivated area, annual hours of operation, and toe of diesel per hour of 
operation. 

Energy demand from agriculture is expected to increase at 8 percent 
annually from 2 million toe in 1991 to 13 million toe in 2020 (Table 3-16 and 
Figure 3-8). Diesel is the primary fuel in the agriculture sector, and accounted for 
about 71 percent of the energy demand in 1991. Electricity used for operating 
turbine pumps accounts for the remaining demand. 

Projections for energy use for irrigation were prepared accordingly. 

TABLE 3-16 
AGRICULTURE SECTOR ENERGY 

DEMAND IN THE BASE CASE 

1996), and /-34#+5,(46*+()($,($%, (WAPDA, 1996). Projections for increase in 

AGRICULTURE SECTOR ENERGY 

DEMAND IN THE BASE CASE 

FIGURE 3-8 
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0 1 2 5

29% 18% 27% 34%
8 

1 3 5 9

71% 82% 73% 66%
Diesel  7

2 3 6 13

100% 100% 100% 100%
8 

Source:  The analysis is based on projections made using the LEAP model7

Source:   The analysis is based on projections made using the LEAP model. 
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Energy supply 

Energy supply activities were divided into transmission and distribution 
losses, electricity generation, gas production, oil production, oil refining, and 
coal production. Supply side analysis was integrated with analysis of demand. 
Domestic production of oil, gas, and hydroelectric power was used first, and the 
balance requirement was met from energy imports. 

Projections for local production of oil and gas were taken from available 
forecasts developed on the basis of probabilistic analysis of the success rate in 
exploration and drilling in the country. 

Projections for refining capacity were based on the refineries already 
planned and future projections prepared by the Ministry for Petroleum and 
Natural Resources (MPNR). 

Electricity T&D losses were obtained from the Power System Statistics 
(WAPDA, 1996) and were dropped from the existing level of 26 percent to 20 
percent by the year 2020, accounting for planned intensification of 
eletrification, and establishment of new power plants closer to the load centers. 

Electricity generation data were taken from the National Power Plan (NPP), 
which provides a breakdown of the expected capacity by hydroelectric, thermal 
(gas, oil, and coal), and nuclear plants. The Plan also includes data on capital costs 
for each type of capacity until the year 2018, and the results were extrapolated for 
the year 2020. No renewable energy capacity was assumed in the base case. 

In the power sector, the overall generation is expected to grow at an 
average rate of 7 percent in the period 1991-2020 to meet the electricity demand 
in the country. The share of natural gas in fuels used for power generation is 
expected to decline from 61 percent to only 3 percent in this period, as shown in 
Table 3-17 and Figure 3-11. This projected decline reflects the decrease in 
availability of the gas in the country and the policy of the Government to give 
priority to the domestic sector in allocation of gas. The deficit in gas is expected 
to be made up by furnace oil (residual fuel oil), and the share of furnace oil in 
fuels used for power generation is, therefore, expected to increase from 34 
percent to 73 percent from 1991 to 2020. 

TABLE 3-17 

0 0 0 0

4% 0% 0% 0%

2 4 14 30

34% 39% 80% 73%

0 0 1 10

0% 1% 7% 24%

Diesel -7

10 

Coal 27

Source: The analysis is based on projections made using the LEAP model. 
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1991 2000 2010 2020 Annual 
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and and and and 
percent percent percent percent 
share share share share 

Cumulative 
Growth 

Rate 
(ACGR) 

4 6 2 1 -3 
61% 59% 13% 3%

Furnace Oil 

Total 
6 11 18 41 

7 
100% 100% 100% 100%

Natural Gas 
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FIGURE 3-9 
USE OF FUELS IN BASE CASE 

ELECTRICITY GENERATION 
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FIGURE 3-10 
USE OF TECHNOLOGIES IN BASE 

CASE ELECTRICITY GENERATION 

(GWH) 

FIGURE 3-11 
BASE CASE FORECAST OF 

ENERGY REQUIREMENTS FOR THE 

POWER SECTOR 
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In the base case, the amount of electricity generated by power plants using 
different fuels is shown in Figure 3-9, and by plants based on different 
technologies is shown in Figure 3-10. As can be seen from Figure 3-9, the share 
of electricity generated from plants using natural gas is expected to decline over 
time, while that of electricity generated from furnace-oil-based power plants is 
expected to increase. Gas use in power generation will decrease due to the 
limited supply of the fuel to the power sector from indigenous resources. There 
will be a steady increase in the production of electricity from hydroelectric 
power plants. 

In 1991, noncommercial fuels (fuelwood and biomass), which are the 
dominant household fuels in the rural areas, accounted for 44 percent of the 
total energy supply (Table 3-18 and Figure 3-12). Both oil and gas individually 
accounted for 24 percent of the energy supply, while the share of hydroelectric 
power was 3 percent and of coal, 5 percent. The supply of gas is determined by 
its production in the country, and the deficit in the demand for fuels is made up 
by import of crude oil and petroleum products. The brick industry in the country 
accounts for most of the demand for the locally produced low-grade coal. Some 
high-grade coal is imported by the steel industry. Hydroelectric power 
generation capacity accounted for 43 percent of power generation capacity. 
There is only one nuclear power plant rated at 67 MW. 

TABLE 3-18 
BASE CASE FORECAST OF 

PRIMARY ENERGY SUPPLY 

11 19 15 17

24% 28% 14% 9%

11 20 52 101

24% 30% 48% 55%

2 

Oil                                        8

9 

2 
Noncommercial 
Fuels 44% 35% 26% 18%

1 2 5 7
5 

3% 3% 4% 4%

0 0 0 1
Nuclear   8

!"#$%&'((()*&(+,+-./0/(0/(1+/&2(",( 3$"4&%50",/( 6+2&(#/0,7(5*&(89:;( 6"2&-<
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20 23 29 32

2 3 8 26 

5% 5% 7% 14%

0% 0% 0% 0%

45 67 110 184 

100% 100% 100% 100% 
5 

Natural Gas

Coke/Coal 

Hydroelectric 

Total
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percent. Increasing dependence on liquid and solid fuels will have serious 
repercussions for GHGs emissions, as emissions associated with this category of 
fuels are significantly higher in comparison to other energy sources such as 
hydroelectric energy and natural gas. 

In view of the structure of the baseline scenario, the mitigation scenario was 
developed by changing the energy intensities at the end-use level. Data on the 
degree of energy efficiency that can be attained by adopting the various 
technologies available were used to estimate the technical potential for energy 
savings. Mitigation targets were established keeping in view this technical 
potential and actual energy efficiency achievable given various constraints faced 
at the end-use level. It was assumed that improvements would start talung place 
after the year 2000, allowing time for establishment of an institutional, policy, 
and program framework for implementation of the actions recommended. 

The mitigation scenario developed is based on the options already 

PAKISTAN 

FIGURE 3-I2 
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BASE CASE FORECAST OF 

PRIMARY ENERGY SUPPLY 

3.4.4 MITIGATION SCENARIO 

ENERGY SECTOR ASSESSMENT 

Source:  The analysis is based on projections made using the LEAP model. 

Energy supply is expected to increase at 4.9 percent annually from 1991 to 
2020. The share of noncommercial fuels is expected to drop from 44 percent in 
1991 to 18 percent in 2020, reflecting a shift towards commercial fuels associated 
with limited availability of firewood and biomass, increasing urbanization, and 
improvements in standards of living. The share of natural gas as well as the total 
quantity of gas available is expected to decline as reserves are depleted. The 
shortfall in commercial fuels is expected to be met largely by imported oil, liquid 
fuels, and coal. The share of oil is expected to increase from 24 percent in 1991 
to 55 percent in the year 2020 and that of coal will increase from 5 percent to 14 

identifed in Table 3-9. Detailed results of the mitigation case, such as sectoral 
fuel requirement, power generation sequence, and the corresponding fuel 
requirements for power generation, total energy demand, and total primary 
energy supply, are presented in Exhibits A1!33 to A1!42 in Appendix Al. In 
Exhibits A1-30 to A1-32, the energy balances at the national scale for the 
combined mitigation scenario is also given. The development of the mitigation 
scenario for specific sectors and subsectors is discussed below. 
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Energy Demand 

Residential/Commercial Energy Demand 

The energy efficiency of appliances using commercial fuels was projected to 
improve so that, by 2020, the efficiency levels would be in line with the present 
levels in industrialized countries. The amount of biomass available for fuel use was 
assumed to remain the same as in the base case. It was assumed that even if more 
efficient end-use devices, such as improved wood stoves, are used, either the 
demand for useful energy will increase or the biomass pool will increase. The 
impact of increase in demand and efficiency measures in the households was, 
therefore, absorbed entirely into the demand for commercial fuels. The other 
mitigation option considered was improvements in building design, which will 
primarily impact the energy consumed by air conditioning systems. 

The total fuel requirement in the combined mitigation scenario is 41,868 
kTOE. Electricity demand reduction accounts for about 85 percent of the total 
reduction in energy use in this sector. The reduction over the base case 
electricity demand is approximately 8 percent. 

Industry 

The energy efficiency of equipment such as boilers, furnaces, other fired 
equipment and electric motors was projected to improve. It was also assumed 
that waste heat recovery systems and cogeneration capacity would be added. 
Some energy efficiency improvements will be achieved as a result of 
improvements in product quality and general improvements in productivity 
through measures such as waste minimization. Such impacts were assumed to 
apply in the base case as well, and the benefit of such measures was not 
associated with mitigation actions. 

have a direct impact on energy efficiency, and where the actions are justified 
pimarily on account of achievable energy savings. Some awareness of the 
savings achievable through measures considered in the mitigation scenario 
already exists in industry. It was assumed that programs will be initiated to build 
capacity in industry to apply energy efficiency measures, and arrangements will 
be made to improve the availability of credit for energy efficiency investments. 

In the mitigation scenario, the energy requirements of the industrial sector 
for 2020 are reduced by about 4 million toe over the base case. The share of 
natural gas consumption, however, increases from 4 percent in the base case to 
about 35 percent in 2020, as import of natural gas has been assumed in the 
mitigation scenario. Consequently, the projected share of furnace oil decreases 
from 45 percent to 14 percent in the combined mitigation scenario in 2020. 

Transportation 

The mitigation actions proposed were, therefore, limited to actions that 

Energy intensities at end-use level were assumed to decrease through 
demand side measures including improved engine and vehicle maintenance, 
and use of energy efficient engine designs. Economic activity levels were 
assumed to be the same as in the base case. It was assumed that better quality 
fuels will be made available to support high performance engines, and cross 
subsidies in the case of gasoline and diesel fuels will be removed to discourage 
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wasteful consumption of diesel. It was also assumed that awareness and 
capacity building programs, such as the GEF-funded project on Fuel Efficiency 
in the Road Transport Sector, will be continued to support the adoption of 
energy-efficient practices in this sector. 

The projected energy consumption for the transportation sector in the 
mitigation scenario is shown in Exhibit A1-37 in Appendix A1. The reduction in 
gasoline and diesel fuel consumption in the mitigation scenario is nearly 23 and 
20 percent, respectively, in 2020. The overall saving available in this sector in 
2020 is about 20 percent of the base case energy requirements, representing a 
saving of 6.24 million toe. 

Agriculture 

Efficiency of pumping irrigation water by tubewells and efficiency in use of 
tractors was assumed to improve through replacement of existing equipment, 
and improvements in maintenance and operating practices. It was assumed that 
energy tariffs for the agriculture sector, including tariffs for electricity and diesel 
fuel, would be rationalized to remove the subsidies being offered now. This will 
encourage farmers to adopt efficient practices. Complementary programs for 
training and building the capacity of individual farmers will have to be initiated 
in the future to accelerate the shift to energy-efficient practices. 

fuel, which reduces the sector’s fuel requirements by about 33 percent in the 
mitigation scenario in 2020. In this scenario, the total energy requirement of the 
sector is approximately 10 million toe in 2020, in which diesel accounts for 
about 60 percent, and electricity for the rest. 

The major reduction in the agriculture sector is in the consumption of diesel 

Energy Supply 

Domestic production of oil and gas and addition of oil refining capacity 
were assumed to be the same as in the base case. Plans for power generation 
were also assumed to remain unchanged, as the capacity forecasts given in the 
NPP already take into account the need for efficiency in power generation. The 
NPP specifies that the bulk of the thermal capacity be based on gas -fired 
combined cycle technology using state-of-the-art high-efficiency systems, 
consistent with GHGs mitigation objectives, and environmental and economic 
considerations. 

The impact of the decrease in electricity demand due to mitigation actions 
was accounted for by reducing the generation from the capacity based on local 
coal, followed by fuel oil. The LEAP model does this automatically, based on the 
dispatching of electricity from different power plants. The dispatch priority has 
been assigned in the following order: (i) hydroelectric plants, (ii) nuclear plants, 
(iii) gas plants, and (iv) combined cycle plants; plants based on furnace oil, coal 
and gas turbines are dispatched for peak periods only. 

Electricity T&D losses are expected to drop from their current level of 26 
percent to 16 percent by 2020. (In the base case, they were assumed to drop to 
20 percent.) For gas T&D systems, the losses were dropped from the current 
level of 7 percent to 3 percent by the year 2020. (No change in these losses was 
assumed in the base case.) Tariff and regulatory reforms, restructuring of the 
power and gas sector, and privatization of the utilities was assumed to support 
the achievement of these targets. 
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An aggressive program for substitution of fuel oil and coal with imported 
natural gas was assumed, with the first deliveries of imports expected in 2005. It 
was expected that all of the inland thermal generation capacity, including new 
combined cycle plants presumed to be located in the central Punjab near the 
demand center, would switch to natural gas. A few plants located near the ports 
were considered the only exception in this regard. Similarly, the industry 
connected to the gas transmission systems was expected to shift from fuel oil to 
natural gas, effecting a substitution level of about 70 percent for the industry 
sector as a whole. 

An aggressiye program for development of renewable energy resources 
was also expected, supported by policies for involvement of private sector and 
clear delineation of institutional responsibilities. The available wind velocity data 
in the country are not sufficient for developing wind power projects. A project 
for assessing wind velocity is being initiated in collaboration with GEF for 
detailed feasibility studies for setting up a wind-driven electricity generation 
plant at Pasni, Baluchistan, which is expected to be completed by year 2000. 
The capacity of the proposed plant is 15 MW. It is proposed that a detailed 
feasibility of three other potential sites be conducted along the 700-kilometer 
coastal belt until 2020. Thus, the total capacity installed in the form of wind 
power plants in the country would be 60 MW. 

In the Ninth Five-Year Plan, the total capacity of the mini-/micro- 
hydroelectric plants to be installed in the country by the year 2020 is projected at 
20 MW. This projection assumes the capacity of individual mini- and micro- 
hydroelectric plants to be between 5 kW and 1 MW. 

by 2020: 60 MW as wind power plants, 20 MW as mini- and micro-hydroelectric 
systems, and 20 MW as solar PV systems. 

The share of different technologies in total electricity generation in the 
mitigation scenario is given in Table 3-19. In this scenario, electricity generation 
requirements are reduced by 21,000 GWh and 42,000 GWh for the year 2010 
and 2020, respectively. 

In the mitigation scenario, the following additions in capacity were assumed 

Hydroelectric 18,209 23,181 54,453 80,522 

Nuclear 383 1,148 1,603 3,679 

Coal 27 621 2,725 24,343 

Isolated Diesel 16 105 99 105 

Gas Turbines 3,089                          -                     -                      -

Steam Turbines 14,815 31,099 34,066 58,463 

Combined Cycle 4,304 12,746 23,431 66,792 

Waste Generation                                          -                           -                 314 462 

Wind Power       -        -      76 158 

Solar PV                                                         -                           -                   29 61 

MiniMicro Hydel                            -                           -  49 105 

Source: The analysis is based on projections made using the LEAP model. 
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Year 
1991 2000 2010 2020 
GWh GWh GWh GWh 

Total 40,844 68,900 116,845 234,690 
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3.4.5 IMPACTS OF THE BASELINE 
AND MITIGATION SCENARIOS 

The primary energy supply requirements for the mitigation scenario are 
given in Exhibit A1-39 in Appendix A1. The total energy reduction in the 
mitigation scenario is approximately 24 million toe in 2020, a reduction of 
approximately 13 percent over the base case. The share of natural gas increases 
from 9 percent to about 23 percent in the mitigation scenario in 2020. This is 
because the fuel will be imported and available for the power and industry 
sectors. In the primary energy supplies the share of oil decreases, which is 
attributable to the decrease in the demand for the furnace oil. The share of oil 
decreases from 55 percent in the base case to about 39 percent of the total 
energy requirements for the year 2020 in the mitigation scenario. 

Both the baseline and mitigation scenarios assume the same rates of growth 
in GDP and GDP per capita. Given the same level of economic output, 
implementation of the proposed mitigation scenario will result in a decrease in 
energy inputs and the corresponding savings will accrue to the economy. 

Primary energy use (energy supply) in the year 2020 is forecast to decrease 
from 184.1 million toe for the base case to 159.6 million toe for the mitigation 
case, i.e., by 13.3 percent. The impact of the mitigation scenario on energy 
supply is detailed in Table 3-20 and Figure 3-13. Reduction in energy demand 
for oil and coal is estimated at 56 percent and 19 percent, respectively, while the 
demand for natural gas is forecast to increase by 119 percent over the base case. 
The demand for traditional fuels and hydroelectric power is expected to remain 
unchanged. 

TABLE 3-20 
IMPACT OF MITIGATION 

SCENARIO ON PRlMARY ENERGY 

   

Note:            ‘Other’ includes energy supplies 
from renewable resources, i.e., 
wind, photovoltaics and 
methane from waste. No energy 
supply is assumed from these 
resources in the base case. 
The analysis is based on 
projections made using the 
LEAP model. 

Source: 
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0      -1 0       -20 
Natural Gas 

-67%      -119% 

0      19      39 
Oil 

84%                                  56% 

0   1   5 
Coke/Coal 

13%    19% 

0    0    1 
Noncommercial 

1%      2% 

0       0     0 
Hydroelectric 

5%   0% 

0    0        0 
Nuclear 

6% 0% 

0    0     0 
Other* 

100%     100% 

0     10         24 
Total 

9%        13% 
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FIGURE 3-13 
PRIMARY ENERGY SUPPLY IN 

THE BASE CASE AND IN THE 

MITIGATION SCENARIO 

Source: The analysis is based on projections made using the LEAP model. 

Table 3-21 and Figure 3-14 compare the mitigation scenario with the base 
case in terms of energy demand at the end-use level. Total energy demand by 
the year 2020 is estimated at 15 million toe, a reduction of 10 percent over the 
base case. Reduction in energy demand in the industry, transportation, and  
agriculture sectors is estimated at 7 percent, 20 percent, and 26 percent, 
respectively. Reduction in energy demand in the domestic and commercial 
sectors is estimated at only 1 percent. The principal reason for this is the demand 
for traditional fuels and commercial fuels used for cooking, which is expected to 
remain unchanged in the mitigation scenario. By 2020, reduction in electricity 
demand through the application of various mitigation measures in the domestic 
and commercial sectors is estimated at 9 percent. However, the overall impact 
on the sector as a whole remains small in view of the limited share of electricity 
in the household and commercial energy demand. 

1 %       1% 

22%       26% 

2      4 

5%      7% 

0                                          3                                         6 

16%       20%

7%         10% 

Source:  The analysis is based on projections made using the LEAP model.
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Year 

2000 
Change Over Base 

Case Values, million 
toe and 

percent change 

2010 
Change Over Base 

Case Values, 
million toe and 
percent change 

2020 
Change Over 

Base Case Values, 
million toe and 
percent change 

Domestic & 
Commercial 

0 0 1 

Agriculture 
  0 1 4 

0 
Industry 

Transportation 

Total  
0 6 15 
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6%               0% 

0              6             10 

40%             34% 

0             1          4
Coal 

48%             40% 

23%              28% 

Source:  The analysis is based on projections made using the LEAP model. 
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FIGURE 3-14
ENERGY DEMAND IN THE BASE

CASE AND IN THE MITIGATION

SCENARIO

Source:  The analysis is based on projections made using the LEAP model. 

The impact of the mitigation scenario on energy requirements for power 
generation is detailed in Table 3-22 and Figure 3-15. In the abatement scenario, 
the country’s total electricity requirement in 2020 is about 17 percent lower than 
in the base case. Total demand for power generation is estimated to be reduced 
by 11 million toe, or 28 percent of the demand in the base case, by 2020. 
Requirement of natural gas is forecast to increase by 215 percent, in response to 
a policy of substitution of oil with natural gas. Correspondingly, the requirement 
of oil and coal for power generation is forecast to decrease by 34 percent and 40 
percent, respectively. 

TABLE 3-22 
IMPACT OF MITIGATION 

SCENARIO ON POWER SECTOR 

ENERGY REQUIREMENTS 

Year 

2000 2010 2020 
Change over Base  Change over Base  Change over Base 
Case Value, Million  Case Value, Million  Case Value, Million 

toe and  toe and toe and 
percent change percent change  percent change 

Natural Gas 
0 -2 -3 

-95%         -215% 

Diesel 
0 0        0 

Furnace Oil 

Total 0 4   11 
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FIGURE 3-15 
POWER SECTOR ENERGY 

REQUIREMENTS IN THE BASE 

CASE AND IN THE MITIGATION 

SCENARIO 

Source: The analysis is based on projections made using the LEAP model. 

A comparison of the shares of different technologies being employed in the 
power sector is shown in Figure 3-16. In 2010, electricity generation in the 
mitigation scenario is approximately 21,000 GWh lower than in the base case. 
About 470 GWh of electricity is generated through waste gas electricity 
generation, solar PV, and wind generation; these sources are not available in the 
base case. As a result of reduced total generation demand and generation from 
renewable resources, the generation of combined cycle plants is reduced by 
about 13,000 GWh. In 2020, the total reduction in electricity generation, due to 
both the demand and supply options, is about 42,000 GWh. In this case, the 
bulk of electricity is from the gas turbines power plants (17,200 GWh). 

Figure 3-17 shows the reduction in GHGs emissions in the mitigation 
scenario in comparison to the base case. During 1991-2000, emissions remain 
the same because no mitigation activity is proposed in this period. In 2020, the 
total GHGs emissions from the energy sector are estimated at 482,000 Gg in the 
base case and 394,000 Gg in the mitigation scenario. Thus, there will be a 
reduction of 18 percent in GHGs emissions from the energy sector alone by the 
year 2020. 

FIGURE 3-16 
POWER SECTOR TECHNOLOGY 

MIX IN THE BASE CASE AND IN 

THE MITIGATION SCENARIO 
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FIGURE 3-17 
ENERGY SECTOR GHGs

EMISSIONS IN THE BASELINE 

AND ABATEMENT SCENARIOS 

The economic implications of the mitigation scenario are summarized in 
Table 3-23. Investments in the infrastructure for energy supply will decrease 
from $11.01 billion in the base case to $10.43 billion for the mitigation case; in 
other words, there will be a 4.77 percent decrease over the base case. The cost 
of oil and gas production and refining remains the same in the base and 
mitigation cases. This is due to the assumption that domestic resources will be 
developed and used on a priority basis, and reduction in energy demand will 
result in lower energy imports. In case of coal, a slight reduction in the supply 
cost is anticipated, due to the lower production of coal-based power assumed in 
the mitigation scenario: coal-based generation is curtailed as a first priority in 
view of its relatively high GHGs contribution and other environmental impacts. 

TABLE 3-23 
ECONOMIC IMPLICATIONS OF 

REDUCING CARBON EMISSIONS 

FROM THE ENERGY SECTOR 

PAGE 80 

GDP, $ billiona                                                                             46.5              75.6            135.4          242.5 

      402.0            516.0            731.5        1090.4 GDP per capita, $ 

Baseline Scenario 

Primaty energy use, mtoe                                                           45.3              67.1            109.7          184.1

CO2 -equivalent emissions, million                                             72.5            129.5            244.8          481.7 
tonnes 

Total cost of primary energy, $ billion                                           4.9                8.2              15.4            27.3 

Energy import bill, $ billion                                                            1.8                2.6                8.0            16.0 

Investment in energy supply, $ billion                                                                1.8                5.8            11.0 

Investment/GDP, percent                                                                                   2.3                4.3              4.5 

Foreign exchange requirement, 
     1.8                3.6              11.2            22.1 

Foreign exchange/GDP. percent                                                  3.8                4.8                8.3              9.1 

$ billion 

PAKISTAN 

Year 
Base Year 

1991 2000 2010 2020 
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Primary energy use, mtoe                                                       45.3                  67.1                 99.0        159.6 

  72.5                129.5               211.3        394.0 CO2,-equivalent emissions, million 
tonnes 

Total cost of primary energy, $ billion                               4.9                8.2              13.7        23.5 

Energy import bill, $ billion                                                        1.8                    2.6                   6.5          12.7 

Demand side investment, $ billion                                             0.0                    0.0                  2.2             6.1 

Investment in energy supply, $ billion                                                                 1.8                   5.5           10.4 

Total Investment, $ billion                                                                                   1.8                  7.7           16.5 

Investment/GDP, percent                                                                                   2.3                  5.7             6.8 

  1.8                   3.6                10.7           21.8 Foreign exchange requirement, 
$ billion 

Foreign exchange/GDP, percent                                                3.8                   4.8                  7.9             9.0 

Incremental investment, $ billion                                                0.0                   0.0                  1.9             5.5 

Saving in primary energy cost, $ billion                                      0.0                   0.0                 -1.6            -3.8 

mtoe
a
  million tonnes of oil equivalent 

Source: 
All $ are in 1995 real terms 
The analysis is based on projections made using LEAP model, for this study.

Reduction in the cost of electricity generation and energy T&D is directly 
attributable to savings in electricity consumption forecast for the mitigation case. 
The T&D systems include both the electricity and gas T&D systems. These two 
components account for the bulk of the cost savings for the country. 

Additional demand side investments for switching to energy-efficient 
equipment and other mitigation measures are estimated at $2.2 billion in 2010, 
and $6.07 in 2020. Taking into account investments in both the supply and 
demand sides of the economy, incremental investments are estimated at $1.87 
billion in 2010, and $5.49 billion in the year 2020. 

in the base case to $23.48 billion in the mitigation case, i.e., a decrease of 14.1 
percent over the base case. On the foreign exchange account, this corresponds 
to a saving in the fuel import bill of $1.63 billion and $3.84 billion in 2010 and 
2020, respectively. While comparing the figures for savings in primary energy 
cost with incremental investments, it should be noted that the investments made 
in a particular year yield energy saving benefits in subsequent years. 

In comparison to GDP, investments in energy supply as percent of GDP 
increased from 2.3 percent in 2000 to 4.5 percent in 2020 in the base case. This 
reflects increasing demand for the more expensive forms of delivered energy, 
such as electric power, where substantial investments are required at the 
transformation stage. In the mitigation case, investments in energy supply as 
percent of GDP increased by 6.8 percent by 2020. 

The economic cost of primary energy for 2020 decreases from $27.32 billion 
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TABLE 3-24 
ENERGY AND GHGs EMISSIONS 

INDICATORS 

3.5 ENERGY SECTOR GHGs 
ABATEMENT STRATEGY 
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Notes: 
kg-c  kg of carbon 
kgoe kg of oil-equivalent 

Source: The analysis is based on projections made using LEAP model.  
All $ are in 1995 real terms 
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.$*'0C$"V4WB"2(1"K027,.2.,)%"'(%+".$*'0C$"456" .%&$(,K0%+?"#$%".3'" 8*'&%++%+"
2*%".$%("&'/A,(%1" .$*'0C$"2"&'()%*+,'(" 92&.'*".'" -,%71".$%"&'/8'+,.%" 2(27-+,+"
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64 [ :E#4 \"

Year Base Year 
1991 2000 2010 2020 

Mitigation Scenario 

Primary Energy Consumption, mtoe                                           45.3               67.1           99.0           159.6 

Energy Intensity per GDP, kgoe $a                                              1.0                 0.9              0.7               0.7 

CO2 Emissions Intensity, kg-c/kgoe                                             0.4                 0.5              0.6               0.7 

CO2 Emissions Intensity per GDP, kg-c $                                    0.4                 0.5              0.4              0.4 

CO2 Emissions per Capita, kg-c/capita                                    170.9             241.0          310.4           483.1 

Baseline Scenario 

Primary Energy Consumption, mtoe                                           45.3               67.1          109.7           184.1 

Energy Intensity per GDP, kgoe $a                                              1.0                 0.9              0.8               0.8 

CO2 Emissions Intensity, kg-c/kgoe                                             0.4                 0.5              0.6               0.7 

CO2 Emissions Intensity per GDP, kg-c$                                     0.4                 0.5              0.5               0.6 

CO2 Emissions per Capita, kg-c/capita                                    170.9             241.0          360.6           590.7 

a 
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Cogeneration is the highest ranked option in the energy sector, primarily 
because of its attractive economic and financial returns. The NPV of benefits 
associated with the option’s implementation at a national level was assessed at 
almost $3,000 million, while the financial rate of return was assessed at over 36 
percent per annum. The option also has a significant emissions reduction 
potential at 105.8 million tonnes of CO2 till 2020. In addition, cogeneration 
ranked well on the social acceptance criterion, as its implementation does not 
require any significant changes in operation and maintenance procedures. The 
Government has, in the past, expressed support for the promotion of 
cogeneration initiatives, and the option ties in well with the energy efficiency 
policies it wishes to promote for industry in particular Although there are some 
policy and institutional barriers in the implementation of the option–—primarily 
with respect to gas supply for cogeneration facilities—–the option is generally 
considered viable. 
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TABLE 3-25 
RANKING OF ENERGY SECTOR 

OPTIONS 
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Option     Rank 

 

Reduction of electricity T & D losses 2 

Energy-efficient lighting systems 4 

Energy-efficient boilers 6 

Substitution of oil and coal with natural gas 8 

Waste heat recovery systems 10 

Improvements in vehicle maintenance 12 

Energy efficiency improvements in water heaters 14 

Solar water heaters 16 

Waste-to-energy systems 18 

Energy-efficient refregirators 20 

Solar photovoltaic systems 22 

Cogeneration 1 

Energy efficiency improvements in tubewells 3 

Energy-efficient fans 5 

Energy maintenance practices 7 

Energy efficient improvements in tractors 9 

Improvements in engine design 11 

Reduction in gas T&D looses 13 

Energy efficiency motors 15 

Mini-hydroelectric systems 17 

Wind power generation systems 19 

Improvements in building design 21 
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perspective, and the Government has entered into negotiations with 
Governments in Central Asia and the Middle East to investigate possible supply 
markets. 

Energy-efficient tractors and waste heat recovery systems were both options 
with notable abatement potential and significant economic and financial returns. 
In addition, energy efficiency in tractors was judged to have some significant in 
national policy, being an important agricultural input. However, the 
dissemination of the technology is not easy because the rural market is 
traditionally difficult to penetrate. The barriers to implementation were thus 
considered to be relatively high. In the case of waste heat recovery systems, 
these barriers are not significant, and the technology is likely to be more 
adaptable. The social constraints, which are likely to arise in the introduction of 
energy efficiency management for tractors, were also considered to be 
insignificant in case of options such as waste heat recovery systems. 

The above were the ten highest ranked options in the energy sector. Other 
options also had some significant positive impacts but the corresponding 
negative impacts caused their ranking to be lower. Improved engine design, for 
example, had considerable positive local environmental impacts and a 
significant emissions reduction potential, but the economic returns associated 
with the option were largely negative, rendering the option unfeasible from an 
economic point of view. Similarly, vehicle maintenance also had a significant 
positive effect on the local environment, but the emissions reduction potential of 
the option was relatively low. Reductions in gas T&D losses had an emissions 
reduction potential of 130 million tonnes of CO2 till 2020, placing it third in the 
ranking according to this criterion, but the option did not rank well on any of the 
qualitative criteria. For instance, there are social constraints in that consumers 
will resist attempts to curtail losses, and the option is institutionally difficult to 
implement. In addition, the local environmental impact was not significant. 
Appliances and industrial equipment such as energy-efficient water heaters, 
motors, and solar water heaters, had roughly similar NPVs and financial returns, 
but the two former options were likely to be more socially acceptable and less 
likely to run into institutional and policy constraints than solar water heaters. The 
performance of solar water heaters is relatively less reliable, and institutions 
dealing with renewables in Pakistan are not strong enough to ensure quality 
control. Renewables generally ranked lower as the emissions reduction potential 
associated with the options were lower than for options relating to industry and 
transportation. However, options like mini-hydroelectric projects and wind 
energy are important from a national development policy perspective as they 
represent a decentralization of power generation facilities, an issue of some 
significance given the extent and spread of Pakistan’s rural population 
settlements. The waste-to-energy option was ranked among the bottom five. 
Although the positive local environmental impact of the option is considerable, 
the social and institutional constraints associated with its implementation are 
likely to be significant. The implementation of an effective waste management 
system presupposes the cooperation of citizens in instituting better waste 
disposal practices, and these practices are difficult to popularize. Nonetheless, 
the institution and effective functioning of such a system would contribute 
significantly towards improving waste management in major cities and the 
resulting impacts on hygiene and health would be appreciable. 

the introduction of solar photovoltaic systems. Both are difficult for consumers 
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reduction in fuel import bills, and the economic benefit-to-cost ratio is 
highly attractive; 

(iii) The technologies are simple and have already been tested elsewhere- 
with the exception of a few cases, there are no social barriers; and 

(iv) Investment can be mobilized at the level of individual consumers, and 
resource requirements at the national level are minimal. 

The country will, however, need to invest in promoting awareness on the 
benefits to individual consumers. Institutions involved in development and 
enforcement of appliance standards will also have to be strengthened. 

Demand side management (DSM) in the transportation sector, such as 
improved engine and vehicle maintenance and use of fuel-efficient engine 
designs, are also important for the reasons stated above. Extensive training and 
capacity building in the service sector is needed to implement these options. 

Reduction in T&D losses for electricity and natural gas systems also deserve 
immediate attention as the options’ GHGs abatement potential is very 
significant, and investment costs are low. Institutional reforms in the utilities are 
a prerequisite to implementation of these measures. 

reduction in GHGs emissions. However, investment requirements for laying the 
infrastructure for import of natural gas from neighboring countries are high. 

DSM measures in the industry sector, such as cogeneration, and use of 
efficient boilers and furnaces, and waste heat recovery system also need to be 
given priority for the following reasons: 

Substitution of oil and coal with natural gas can result in a significant 

(i) The financial rates of return are attractive; 
(ii) Implementation of the opportunities supports the national objectives of 

reduction in fuel import bills, and the economic benefit-to-cost ratio is 
highly attractive; and 

(iii) The technologies are simple and have already been tested elsewhere. 

Investment requirements for the industry options are significant and 
implementation levels will remain low unless barriers to availability of capital for 
the investments are removed. 

Renewable energy options, such as wind energy and solar water heating, 
also deserve attention. While the abatement potential and investment costs per 
tonne of CO2 abated are not as attractive as those for DSM measures, these 
options hold considerable promise for the future when the capital costs for the 
technologies decrease. 

PAKISTAN 

3.5.1 GENERAL ABATEMENT 
STRATEGY AND GOALS 

to adopt to, and the institutions need to implement the options in the country
are generally lacking.

When the criteria listed above are applied to the identified GHGs abatement
initiatives, certain priorities for action are indicated—these are disscussed below.

Opportunities in demand side management in the residential and 
Commercial buildings are most attractive for the following reasons:

(i) The financial rates of returns are attractive for individual consumers;
(ii) Implementation of the oppourtunities supports the national objectives of 
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Table 3-26 lists the initiatives suggested for the energy sector, and 
recommended timeframes for implementation. The initiatives identified have 
been recommended for implementation in the short and medium term only. 
Analysis indicates that there is considerable potential for GHGs mitigation due to 
lack of policy initiatives and investments in energy efficiency in the past. The 
focus of mitigation plans should therefore be on building capacities to realize 
this potential and on creating a sustainable policy and institutional framework 
for implementation before exploring long-term alternatives. 

36.77 -21.93 

Energy-efficient fans 42.02 -20.72 

Energy efficient lighting 
systems 

128.36 -13.16 Reduction in electricity  T&D
losses 

Energy-efficient refrigerators 7.64 -11.25 

Energy-efficient boilers 25.70 -10.50 

2.54 -9.20 Energy-efficient  water 
heaters 

Improved engine 
maintenance  practices 27.07 -5.32 

Waste heat recovery systems 53.70 -4.16 

Reduction in gas T&D losses 130.83 -1.39 

23.42 0.66 Improvements in vehicle 
maintenance practices 

Substitution of oil & coal with 
natural gas 

106.60 11.59 Energy-efficient engine 
designs 

Cogeneration 105.76 -27.56 

77.46 -15.22 Energy efficiency 
improvements in tube wells 

238.26 2.39 

Energy-efficient motors 5.29 -12.49 

Waste-to-energy generation 2.24 -10.29 

72.78 -7.83 Energy efficiency 

Solar water heaters 4.43 -5.02 
 improvements in tractors 

1.01 -2.05 Mini- and micro-hydroelectric 
systems 

Wind power generation 1.51 1.31 

9.76  1.92 Improvements in building 
design 

Photovoltaics 0.587 28.29 
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CO2,-equivalent 

Short Term 
(1997-2005)

Medium Term 
(2005-2015)
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Short Term (1998-2005) 

Opportunities  that can provide results in the short term mainly involve 
improving end-use efficiency in the residential and commercial sectors and 
reducing gas and electricity T&D losses. The total potential for CO2-equivalent 
abatement from these opportunities is 822.9 million tonnes by 2020, or 45.5 
percent of the potential estimated for all sectors. The following are the main 
reasons for selecting these initiatives for implementation  in the short term: 

(i) Pakistan is heavily dependent on imported oil and petroleum products 
for its energy requirements. Savings in energy use will provide eco- 
nomic relief and make resources available for investment in develop- 
ment projects. 

and sufficient incentives exist for the Government and the consumers 
to invest in energy-efficient options. 

(iii) The opportunities rely on technologies that have already been tested 
elsewhere. Upgrading of T&D systems is well within the capability of 
the local utilities, and local production of energy-efficient appliances 
can easily be undertaken  through the simple retooling of manufactur- 
ing lines. 

consumers fall in the urban middle- and high-income groups who 
respond well to awareness programs. These consumers are also in a 
better position to assess energy efficiency information provided on 
 

(ii) The opportunities identified have attractive financial rates of return, 

(iv) Consumer acceptance of products will be immediate as most of the 

The main barriers to the implementation of these initiatives are institutional 
weaknesses and lack of supporting policies. The existing utilities are inefficient 
and have not been able to control T&D losses. The utilities are not customer- 
oriented, nor are they organized to undertake DSM programs to assist customers 
in improving end-use efficiencies. Institutions such as ENERCON and the 
Pakistan Standards Institute (PSI) do not currently have sufficient capacity or 
capabilities to design and implement appliance standardization and labeling 
programs. Tariff subsidies in certain consumer segments limit the financial 
attractiveness of some of the options. 

Medium Term (2005-2015) 

Initiatives that can lead to significant GHGs abatement in the medium term 
include cogeneration, improvements in energy efficiency in industrial and 
agricultural machinery and equipment, and development of renewable sources 
of energy. The total potential for CO2-equivalent abatement from these 
opportunities  will be 280.8 million tonnes by 2020, or 15.5 percent of the 
potential estimated for all sectors. As is the case for the initiatives recommended 
for short-term action, the medium-term initiatives also offer attractive financial 
rate of returns and are desirable from an economic point of view. 

technologies involved are currently being used extensively in industrialized 
countries, their use is not as widespread in Pakistan. Examples are cogeneration 

However, there are some barriers to implementation. While the 

PAKISTAN 

appliance labels.

file:///Users/taralaan/Dropbox/Pakistan%20INDC%20&%20Low%20Carbon%20Scenarios/Forestry/13042016/SCREEN-2.pdf


SECTION 3 ENERGY SECTOR ASSESSMENT 

and use of energy-efficient motors in the industry sector. A certain degree of 
awareness, training, and capacity building will therefore be needed. 

The initial capital requirements for financing such investments can be quite 
significant In cash-short economies, this will limit the amount of capital that can 
be made available for the proposed initiatives. The local industry prefers to 
invest first in production and then product quality enhancement. 

Work on these initiatives can start immediately. Institutional arrangements 
for awareness, training, capacity building and making the credit available to 
potential investors can be undertaken. As in the case of some of the short-term 
initiatives, the impact of these measures will extend over a longer period. 

The energy sector has been the focus of attention in the development of 
mitigation options, as it is the single largest contributor of GHGs emissions in the 
country, and also offers the most opportunities for abatement. The sector is 
therefore also the focal point for any abatement strategy for the country. The 
strategies developed for the sector are given in detail in later sections of this 
report. However, a brief synopsis of proposed initiatives is presented below. 

sector would be built around two broad areas of implementation, i.e., the 
institution of an appliance standardization and labeling program and the 
incorporation of energy codes in building regulations. For industry, policy 
initiatives would focus not only on promoting the use of energy efficiency 
equipment, but also on encouraging the use of innovative energy saving 
approaches, such as cogeneration systems. In addition, one of the projects 
proposed under ALGAS relates to the establishment of a credit line for industry 
to provide loans for the purchase of energy-efficient equipment. 

For the transportation sector, a relevant policy statement would decree the 
import of only fuel-efficient vehicle engines and their parts, and would 
recommend the gradual phasing out of the high-fuel-consumption engine 
varieties currently in use. Other policy initiatives in the area may be the 
institution of systems for vehicle checking and penalties on vehicles that do not 
meet road safety and vehicular emissions standards. Power generation is 
another area of concern, as the restructuring of the utilities corporations is due to 
commence. Restructuring would include the institution of measures to contain 
T&D losses. In the long run, however, the Government’s policy focus should be 
on fuel substitution possibilities, in particular, the substitution of petroleum 
products with natural gas. 

Renewable sources of energy have never been explored as a viable option 
in Pakistan. The wind power generation project developed as a component of 
the ALGAS project seeks to address this issue by directing the attention of donor 
agencies as well as the Government toward the possibility of using renewables 
as viable energy supply options for the remote areas of the country. 

Looking at individual subsectors, the abatement strategy for the residential 

3.6   CONCLUSIONS AND 
RECOMMENDATIONS 
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orests cover barely 5 percent of Pakistan’s total land area. Of the total forest 
area, only one third is considered productive, while the rest is classified as F reserved or protected forest. The value of forest production constitutes, on 

an average, 0.6 percent to 0.9 percent of the value of production in agriculture and 
allied sectors. Nevertheless, domestic resources supply 3.5 million cubic meters of 
industrial wood per year, and fuelwood constitutes 32 percent of the total energy 
needs in the country. More important than the production statistics are the indirect 
benefits of forests, such as watershed protection, prevention of soil erosion, 
moderation of temperature, and the conservation of biodiversity. 

environmental and climate change policy. The Government’s plans for the sector 
include the promotion of farm forestry and social forestry initiatives as a viable 
alternative to the traditional protection-oriented approach of the provincial forest 
departments. In addition, the forestry master plan, completed in 1992, formulates a 
series of action plans encompassing a broad range of issues such as watershed 
development, wood production and industrial development, and programs for the 
protection of rangelands and sand dune stabilization. 

An estimated 3.7 mha of land constituted the total forest area in Pakistan in 
1996 according to the land-use figures in the Economic Survey. However, the 
classification ‘forest area’ refers to land under the jurisdiction of the forest 
department, all of which may not actually have adequate tree cover. The forest 
classifications used in this report are specific to Pakistan and are detailed in Table 
4-1. 

The development of forest resources is an integral component of Pakistan’s 

Conifer Forest   1,913 

Riverain Forest  173 

Commercial Plantation  103 

Agroforestry 0 

Rangeland 28,377 

Desert 7,885 

Riverbeds, Lakes, Dams, Swamps 91 3 

Source: GoP/RCA (1992) 
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TABLE 4-1 
AREA UNDER DIFFERENT 

FOREST CATEGORIES, 
1989-1990 
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Categories 
Land Area, 

’000 ha 

1,991 Scrub Forest 

Mangrove Forest 207 

Watershed Plantation 130 

Agricutural Land 21,201 

Snow, Glacier, Rocks, Tidal Flats 19,008 

Urban/Roadside Planation 154 

Unclassified 6,725 

Total Land Area 87,980 
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carbon as CO2 (Pg CO2 -C). 
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The main kinds of forests are coniferous forests, found mainly in the 
mountain areas; scrub forests; and the mangrove forests in the coastal areas. In 
addition, there are commercial plantations in the canal-irrigated areas of punjab 
and Sindh, which were planted during British rule to provide wood for steam 
locomotives. Riverain forests are found along the riverbanks in Punjab and Sindh, 
while linear plantations and private plantations are found on farmlands. In the 
North-West Frontier Province (NWFP), there is, in addition, a small area of mazri, 
or dwarf palm forests. 

Annual deforestation in Pakistan is estimated at some 7,000 to 9,000 ha, 
which translates into an annual decline of 0.2 percent in forest cover. Area 
afforested was just over 14,000 ha in 1994-1995. Maintenance of afforested areas 
is problematic, however, and the rate of failure of new plantations is high. 

Precise estimates of deforestation are not available at the global scale, and an 
international program for monitoring and mapping rates of depletion of forest cover 
has not yet been developed. The IPCC 1990 Assessment (IPCC, 1995c) estimated 
that, in the temperate regions, net release or uptake of CO2 due to land-use change 
was small as increase in CO2 emissions due to deforestation was balanced by CO2
uptake from re-growth of forests. However, in the tropics, the carbon flux due to 
deforestation was estimated at 0.6 to 2.5 Pg CO2 -C.1 Overall, deforestation and land- 
use change contributes 20 percent of the world’s carbon emissions annually. 
Globally, there is considerable abatement potential in the forestry sector: preliminary 
estimates from the IPCC suggest that 60 to 87 Gt (gigatonnes or billion tonne) of 
carbon could be reduced or sequestered in the next 60 years or so through 
measures to check deforestation or to encourage new plantations. 

the analysis of mitigation options. The strategy for GHGs abatement for the sector 
as a whole will be discussed in the final section. 

This section will begin with the sectoral inventory of emissions, followed by 

Changes in forest and other woody biomass account for all of the CO2 emitted 
in the forestry sector in Pakistan. Other activities in this sector that can contribute 
GHGs emissions are forest and grassland conversion, on-site burning of forests, and 
abandonment of managed lands. However, as they are not extensively practiced in 
the country, they have not been covered in this inventory: forest areas are not 
converted to agricultural land or rangeland in Pakistan. On-site burning does not 
occur because forests are adjacent to areas with high population densities, and all 
debris gets collected by the local communities for domestic use. Burning of the 
forest floor is not permitted in the country, although some accidental or wild fires in 
the dry months of May-June and September-October do occur, and grass, pine 
needles, and bushes get burnt. (Quantified data of annual forest fires occurring in the 
different regions is not available for calculating emissions from such instances.) 
Similarly, Government policy does not permit the abandonment of forest areas. 

This inventory does not report CO2 emissions according to the land-use 
classification outlined in the common Reporting Framework of IPCC (1995a). (The 
recommended format included tropical forests, temperate forests, boreal forests, and 
grasslands. as well as other biomass categories, including village plantations and farm 
trees organized by types of ecosystems.) Instead, the classification used in Pakistan has 
been adopted. Its categories include conifers, riverain forests, scrub, commercial 
plantations, farmland trees, mangrove forests, and miscellaneous plantations, and it 
was used in the Forestry Sector Master Plan (FSMP), formulated under a technical 
assistance from the Asian Development Bank. It thus has the advantage of having the 
relevant data on area, growth, and densities for all the forest types in the country 
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readily available. This inventory’s classification also includes agriculture, barren land, 
rangelands, water bodies, and unclassified land (above 3,650 m and below 3,650 m) 
because they also contribute to changes in biomass stocks. 

This GHGs inventory is for the year 1989-1990 and has been prepared by the 
forestry sector specialist in the National Technical Experts Team. 

Changes in the area of forests and other land-use types supporting woody 
biomass contribute significantly to GHGs emissions. Assimilation of CO2 occurs in 
the green tissues of the plants. The growth in the stems and root portion of the plant 
ultimately leads to accumulation of vegetation carbon in the plants. The death and 
decay of the plant tissues also results in accumulation of carbon in the soil. 

The carbon balance depends on the annual increment of the woody biomass 
and its annual demand/consumption. If extraction of the woody biomass exceeds 
its annual increment, a net loss of forest capital occurs, either as shrinkage of area 
under forest, or as a corresponding decrease in density of the biomass. 

ground and below ground portion of the plant’s tissues. Some experts (Malik, 
1996) attribute one third of the total biomass to the below ground component. 
Since the below ground carbon fluxes are less understood, this component has 
been excluded from the calculation of carbon balance in this inventory.1 

soil carbon accretion also occurs owing to the presence of standing trees whose 
leaves, twigs, and branches fall on the forest floor. This results in deposition of 
carbon in forest soils owing to the mineralization activities of the soil 
microorganisms, which results in incorporation of carbon in the forest soils. 

calculated by (i) estimating the total carbon increment of woody biomass, which is 
the sum of biomass carbon and soil carbon uptake, and (ii) the annual 
consumption of wood fiber and its products. The difference between the two 
gives the soil carbon loss from which CO2 emissions can be calculated. A detailed 
description of the methodology appears in section 5.2 of IPCC (1995b). In some 
instances, it has been modified for this inventory, primarily because the inventory 
uses a different classification. 

The spreadsheets prepared in calculating CO2 emissions from changes in 
forest and other woody biomass include a calculation of estimated annual growth 
of woody biomass. This spreadsheet calculates total above ground biomass. It 
includes data on the growing stock per ha and the area of a particular land-use 
classification, the green volume and dry biomass of each land-use type, the 
relevant conversion factor for each land-use classification, and the annual woody 
carbon for these land-use types (Table 4-4). 

details of soil carbon are given in Table 4-5. Soil carbon was calculated using 
global default values, since soil carbon data for different forest types in Pakistan 
are not available. The total soil carbon consists of soil carbon from felling of 
biomass resource, i.e., above ground vegetation, and decay of underground 
vegetation and roots. 

To calculate the annual increment of woody biomass of different forest types, 
the annual growth of the various forest types was estimated. Von Mantel’s formula 
was used for this purpose. Thus, the annual increment was calculated as twice the 
growing stock per ha, divided by rotation in years, assuming equal representation 
of all age classes. The annual growths obtained for various forest types are 
presented in Table 4-2. 

The increment in the woody biomass consists of growth in both the above 

In addition to the soil carbon accumulated in the forest soil over long periods, 

CO2 emissions from changes in forest and other woody biomass are 
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4.2.1 METHODOLOGY 

1 This modification was in accordance 
with comments received from the 
International Technical Expert for the 
forestry sector. 
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TABLE 4-2 
ASSUMED ANNUAL GROWTH BY 

FOREST TYPE 

Scrub Forests 10% at 20 year rotation 

Mangrove Forests 3.3% at 60 year rotation 

Plantations on Agricultural Land 20% at 20 year rotation 

Desertic Trees 2% at 100 year rotation 

4.2.2 DATA SOURCES 

4.2.3 INVENTORY 

PAGE 100 

Table 4-4 gives the figures of estimated annual growth (above ground) of 
woody carbon that were obtained using the forest growth figures given in Table 4 
2. As shown in Table 4-4, in 1990 the annual increment in above ground woody 
biomass was 9.4 million tonnes. 

emissions from changes in forest and other woody biomass stocks. 
Table 4-4 supplements Worksheet 5-1 in IPCC (1995b) that calculates CO2 

In the above calculations, land-use classification of the forest resources was 
derived from GoP/RCA (1992). The annual demand for wood was taken from 
GoP/RCA (1992). These figures are based on per capita consumption of wood 
and population projections for the period 1993-2018. 

The growth in the stock data of different forest types and their growth/ 
increment figures was derived from UNDP/EW/WB (1993). 

Other relevant forestry records, cited in the text, have also been used where 
necessary. 

Consumption of Woody Biomass 

The country’s demand for woody biomass is estimated at 48.3 million cubic 
meters for the year 1990 (GoP/RCA, 1992), which, when converted into woody 
carbon is equivalent to 12.02 million tonnes of carbon. The estimate of 27.1 million 
cubic meters of woody biomass is based primarily on estimates of the roundwood 
portion of the biomass. This portion constitutes 56 percent of the total biomass that 
has a minimum diameter of 5 cm over bark. The figure was estimated after 
adjusting for the 44 percent of the unrecorded portion of the woody biomass also. 
The correction has been made to accommodate all the woody biomass of trees 
comprised of low-grade fuelwood in the form of tops, twigs, and branches 
consumed during the year 1990. 

of the woody biomass demand) and industrial wood (25 percent of the total 
woody biomass demand). About 50 percent of the fuelwood comes from 

Woody biomass demand is comprised of demand for fuelwood (75 percent 

PAKISTAN 

Forest Types          Assumed Annual Growth 

Conifer Forests 1.3% at 80-150 year rotation 

Riverain Forests 6.4% at 30 year rotation 

Commercial Plantations   10% at 20 year rotation 

Rangeland Management  5% at 20 year rotation 

Urban/roadside Plantations 10% at 20 year rotation 
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farmland (Leach, 1993); the other half is collected as tops, twigs or branches by 
local communities for their domestic requirements. Neither of these two forms of 
woody biomass harvesting are significant sources of GHGs emissions: farm trees 
grow in cultivated fields and are widely scattered over large areas—their stocking 
averages twenty trees per ha (GoP/RCA, 1992). Likewise, the local communities’ 
removal of tops, branches and twigs from forest areas is mostly sustainable in 
terms of the current year’s biomass increment (Ravindranath and Hall, 1995). 
Thus, 75 percent of the woody biomass demand does not appreciably contribute 
to GHGs emissions. 

Of the total demand for industrial wood, 60 percent is extracted from the 
forest areas and 40 percent from farmland. As mentioned above, extraction of 
wood from farm trees need not be considered a significant source of CO2 
emissions. Regarding extraction from forest areas, the primary forests in Pakistan 
are generally managed on selection/group selection systems in which individual 
trees are marked for felling. Clear felling is restricted to irrigated plantations, which 
constitute 3 percent of the total forest area. Industrial wood extraction from forest 
areas is the main source of GHGs emissions from this sector. 

woody carbon (12.0 million tonnes) exceeds the annual increment (9.3 million 
tonnes) for 1990. Thus, there is a net loss of 2.7 million tonnes of woody carbon. 
Details of this calculation are provided in Table 4-3. 

When all land-use types are considered collectively, the country’s demand for 

TABLE 4-3 
NET Loss OF WOODY CARBON 

Increment in woody biomass 9.3 

Net change in woody carbon/soil  carbon -2.7 

!"#$%&'()*+,-.*/(0*.,"/*1($&2"$.3(4"1#5&(6678&%9/,%*1(:22&/;,%&-3(8*<1&(
=>?>(

The net loss of woody carbon in 1990 amounts to 2.7 million tonnes, but this 
does not take place entirely in the forest areas. The bulk of woody biomass 
consumption (85 percent) is either met from farmlands-which are not forest 
areas—or collected as tops, twigs, and branches from forests by local 
communities. As mentioned earlier, the latter activity can be sustained by the 
annual woody biomass increment in forest areas. industrial wood extraction from 
forest areas is the only activity that leads to a net loss of woody biomass, and 
therefore, to GHGs emissions. 

Industrial wood is extracted from 15 percent of the total forest area, and 
accounts for all GHGs emissions from the forest areas. In 1990, it led to a deficit of 
0.4 million tonnes of carbon (0.15*2.7) which resulted in 9,830 Gg of CO2
emissions. Assuming 121 m3 growing stock per ha, the corresponding 
deforestation for that year comes to 3,300 ha per year, which is considerably lower 
than the rate (7,000-9,000 ha per year) reported by other sources (NCS, 1993). 

As shown in Table 4-5, the overall soil carbon accretion for all land-use types 
is positive in 1990. However, in forests specifically, there might actually have been 
a net loss of soil carbon from the removal of mature trees: proportional soil carbon 
loss for 15 percent of forest area (1.2*0.2) works out to 0.2 million tonnes of soil 
carbon. This is offset by the annual accretion of 3.2 million tonnes of carbon in 
other land-use types in the country. 
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Wood Carbon, 
million tonns 

Demand/consumption of woody biomass 12.0 
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4.2.4 BASELINE SCENARIO 

PROJECTION OF SECTORAL 
GHGs INVENTORY TO 2020 

TABLE 4-4 

BIOMASS, CARBON AND 

WOODY BIOMASS AND 

CARBON 

ESTIMATE OF WOODY 

ANNUAL INCREMENT OF 
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The baseline projections were prepared using a set of basic assumptions 
about changes in forest area and possible rates of change in the total biomass 
pool. Nine categories of forest were considered in the baseline case, including 
conifer forests, scrub forests, riverain forests, mangroves, commercial 
plantations, watersheds, rangelands, lands being afforested under 
agroforestry, and agricultural plantation programs. 

The areas under major categories, such as conifer forests and scrub 
forests, were expected to stay unchanged in the base case, as existing forestry 
projects focus on intensifying forest management in these areas, rather than 
increasing the area. However, the area under watershed plantations was 
expected to increase at a rate of 14,000 ha per year for each year from 1990 
onward. Correspondingly, there will be a proportionate decrease in rangeland 
area over the same period. This assumption was based on watershed 
management plans outlined in the FSMP, which envisages a series of programs 
for plantations on private lands in areas constituting the Tarbela and Mangla 
watersheds. 

conversion of agricultural land to agroforestry plantations. This too is expected 
to be the result of the Forest Department’s increased focus on agroforestry as a 
viable option for sustainable forest management. 

The other assumed change in relative areas covered relates to the 

Conifer (121) 1.9 232 116  58 1.5 0.8 

Scrub (13) 1.2 16 8 4 0.8 0.4 

Riverain (60) 0 2  10 5 2.5 0.3 0.2 

Mangrove (15) 0.2 3 15 0.8 0.1 0.02 

Commercial Plantations (60) 0.1 6 3 1.5 0.3 0.2 

Irrigated (7.4) 19.1 141 70 35.0 14.0 7.0 

Non-irrigated (4.4) 2.1 9 5 2.5 1 .0 0.5 

Snow/ Glacier (0) 0.03 

Rock/gravel (0) 18.5 

Deserfic (1.3) 7.9 10 5 2.5 0.1 0.05 

Tidal flat 0.5 

Alpine ( 0 ) 1 .1 0 0 0 0 0 

Degraded (0.5) 24.7 12 6 3.0 0.3 0.2 

Nondegraded (0.7) 2.8 2 1 0.5 0.05 0.03 

PAKISTAN 

Land Use Type, Above 
Ground Growing Stock, 

m3/ha 
Area 

million 
ha 

Above 
Ground 

Biomass, 
million m3 

Total 
Drywood 
Biomass, 
million 
tonnes 

Total 
Carbon, 
million 
tonnes 

Drywood, 
million 
tonnes 

Carbon 
million 
tonnes 

Capital Growing Stock Estimated Annual Growth 
(Above Ground) 

Sub-total Forests           3.6     267    133.5   66.8     3.0    1.5 

Sub-total Agriculture 21.2 150 75 37.5 15.0 7.5 
- - - - - 

- - - - - 

Sub-total Barren 26.9 10 5 2.5 0.1 0.05 

Sub-total Rangelands 28.5 14 7 3.5 0.4 0.2 
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Riverbed 

Lake 

Dams, etc.

Swamp 

Sub-total Water 

Urban/road side plantation (40)

Unclassified 

Above 3650 m 

Below 3650 m 

a The related tables in the Technical Appendix (to be attached) give the estimated annual 
growth of aboveground biomass as 9.34 million tonnes of carbon. The discrepancy 
here is due to rounding off of figures. 

Source:  Derived from COMAP model. 

TABLE 4-5 
ESTIMATE OF SOIL CARBON IN 

PAKISTAN 

Conifer 1.9 1.0 175 60 335 115 0.4 0.8 

Scrub 1.2 0.8 70 22 83 26 0.2 0.2 

Riverain 0.2 1.0 140 70 24 12 0.4 0.1 

Mangrove 0.2 1.0+ 100 30 21 6 0.2 0.04 

lmgated 0.1 1.0+ 150 75 15 8 0.6 0.1 

Irrigated  191 10+ 105 5 2009 97 0.1 1.1 

Non-irrigated 21 07 115 5 238 10 0.1 0.1 

Degraded 24.7 0.5 36 0.3 889 7 0.02 0.5 

Norrdegraded 2.8 1.0 110 0.4 305 1 0.02 0.1 

Alpine 1.1 0.5 40 0 42 

Snow/glaciers   0.027 0.5 

Rocks/gravel 18.5 0.2 5 93 

Desertic 7.9 1.0 50 01 394 8 0.02 0.2 

Tidal flats 0.5 1.0 70 33 

tC Tonnes of  Carbon 
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Land Use Type, Above 
Ground Growing Stock, 

m3/ha Area 
million 

ha 

Above 
Ground 
Biomass, 
million m3 

Total 
Drywood 
Biomass, 
million 
tonnes 

Total 
Carbon, 
million 
tonnes 

Drywood, 
million 
tonnes 

Carbon, 
million 
tonnes 

Capital Growing Stock Estimated Annual Growth 
(Above Ground) 

    0.6                            -                       -                    -                      -                 - 

  0.05                            -                       -                    -                      -                 - 

    0.1                            -                       -                    -                      -                 - 

    0.1                            -                       -                    -                      -                 - 

    0.9                            -                       -                    -                      -                 - 

Sub-total (Urban/Road Side) 

  88.0                     447             223.5          111.8               18.8         9.4* Total 

Lead-use Type Area 
million 

ha 

Estimated 
Soil 

Depth, 
million 

Soil 
Carbon/ 
ha, tC 

Additional 
Soil C/ha 

because of 
Trees 

Estimate 
of Soil C 

to 1m, 
million tC 

Annual 
Additional 

Soil C 
because 
of Treas 

tC/ha 

Additional 
Soil C 

because 
of Trees, 

million tC 

Annual 
Additional 

Soil C, 
million tC 

Sub-total Forest 3.6 478 167 1.2 

Sub-total Agriculture 21.2 2247 107 1.3 

Sub-total Rangeland 28.5 1236 8 0.5 

Sub-total Barren 26.8 520 8 0.2 

- - - - - -

- - - 

- - - 

- 

- 

    0.1                           6                   3.0                1.5                   0.3             0.2 

    0.1                           6                   3.0                1.5                   0.3             0.2 

    5.1                            -                       -                    -                      -                 - 

    1.6                            -                       -                    -                      -                 - 

    6.7                            -                       -                    -                      -                 - Sub-total (Unclassified)
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4.2.5 LIMITATIONS OF THE INVENTORY 

DATA 
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Riverbed 0.6 1.0 50 30 

Lake 0.1 1.0 70 3 

Dams, etc. 0.1 1.0 70 10 

Swamps 0.1 1.0 120 15 

Urban/Road Side 0.1 1.0 150 20 23 3 0.6 0.1 

Above 3650m 5.1 0.5 45 231 

Below 3650m 1.6 0.5 75 119 

tC Tonnes of Carbon 
Source:   Dervied from COMAP model. 

The rate of depletion of the biomass stock was assumed to average 3.3 
percent per annum for the period 1990-2030. The changes in the biomass stock 
were based on projections of the demand for fuelwood and industrial wood. The 
demand for fuelwood was expected to grow in line with the growth rates of the 
rural population, which were projected at 2 percent per annum for the period 
1990-2010 and 1.7 percent per annum from 2010-2020. Similarly the demand for 
industrial wood was expected to be concomitant with the growth rate in value 
added in industry, which was expected to average 7 percent per annum until 
2010, and subsequently 9 percent per annum. Although existing biomass stocks 
were estimated to be enough to meet all fuelwood requirements for the period 
under consideration, the base case projections show that stocks will fall to 
dangerously low levels, i.e., just over 65,000 tonnes, by 2030. The demand for 
industrial wood is not met entirely in the country and 1.2 million tonnes of 
industrial wood was imported in the country in 1991. 

The estimated projections of CO2 emissions from the forestry sector are 
shown in Figure 4-1. These include emissions from soil carbon in addition to 
emissions resulting from depletion of biomass stocks. The carbon uptake from 
large-scale tree plantations under the baseline scenario was also considered while 
making the projections. The CO2 emissions were estimated to increase from 10.0 
million tonnes in 1991 to 41.8 million tonnes by 2020. 

The following assumptions have been made in the calculation of annual 
demand/consumption of wood. Based on anecdotal accounts, 50 percent of the 
wood consumed is acquired from Government forests. Half of this 50 percent is 
attributed to felling of mature trees, and the other half is comprised of branch 
wood, twigs, shrubs, lops and tops, etc. The below ground biomass accounts for 
10 percent of the total wood removal/consumption, while the remaining 90 
percent is composed of above ground biomass. 

While all the information required to calculate present emissions in the 
forestry sector is available, it is limited for the purposes of future inventory 
updates. The sources of information are the Forestry Sector Master Plan (GoP/ 
RCA, 1992) and the Household Energy Strategy Study (UNDP/EW/’WB,1993), 

PAKISTAN 

Land-use Type Area, 
million 

ha 

Estimated 
Soil 

Depth, 
million 

Soil 
Carbon/ 

ha, tC 

Additional 
Soil/C/ha 

because of 
Trees 

Estimate 
of Soil C 

to 1m. 
million tC 

Additional 
Soil C 

because 
of  Trees, 
million tC 

Annual 
Additioinal 

Soil C 
because 
of Trees, 

tC/ha 

Annual 
Additioinal 

Soil C, 
million tC 

- - - - 

- - - - 

- - - - 

- - - - 

- - - - 

- - - - 

Sub-total Water 0.9 58 - - - 

Sub-total 6.7 - - - 350 - - -
Unclassified 

Total 87,980 4912 293 3.2 
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both of which were commissioned by international agencies, i.e., the Asian 
Development Bank and the World Bank, respectively. 

At present, there is no indigenous data source that supplements or verifies the 
information provided in these sources. Further, since no agency has been assigned 
the institutional responsibility of updating these sources, current changes in 
forestry sector activities are not being incorporated in them. 

of Forests at the provincial level. Satellite imagery should be used to assess the 
changes in land-use at five-year intervals. Forestry growth rates should be acquired 
for different land-use changes from the Pakistan Forestry Institute (PFI). Additional 
data requirements have been identified in Section 2 of the Task A.3 report (HBP, 
1997). 

Land-use changes need to be updated by the Office of the Chief Conservator 

The total 9,830 Gg of CO2 emissions from the forestry sector arose from 
changes in forest and other woody biomass stocks. These emissions were almost 
13 percent of the total CO2 emitted in Pakistan during 1989-1990. The key strength 
of the inventory is that it uses indigenous data for the land-use classifications in 
Pakistan. In addition, the inventory benefits from a detailed analysis of the forestry 
sector carried out as part of the FSMP and the HESS. 

In the long run, however, the use of these documents becomes a limitation of 
the inventory. At present, there is no data source to verify the assumptions and 
calculations made in these studies. In addition, the institutional capacity needed to 
verify the data and build on the findings of these studies is nonexistent. Although a 
forestry sector specialist prepared this inventory, and attended related subregional 
workshops on the use of the COMAP model, an institutional capacity was not built 
through these activities. This was primarily because no sector-specific institution 
was involved in the process. Therefore, to improve on the completed GHGs 
Inventory for the forestry sector, an institutional capacity will need to be created to 
involve a relevant institution. 

The PFI in Peshawar may be ideally suited for building this capacity. 
However, a preliminary study will need to be undertaken to assess the PFI’s 
existing capacity (i.e., availability of human and financial resources, and techntcal 
expertise) and to ascertain the nature of organizational structural changes and 
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FIGURE 4-1 
FORESTRY SECTOR GHGs 

2020 
INVENTORY PROJECTION TO 

4.2.6 CONCLUSIONS 
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investment required. Subsequently, human and financial resources need to be 
allocated to build on, and verify the findings of the studies cited above. In 
addition, the Institute will need to respond to the limitations identifie in Section 
3.2.4 of this report. 

Large areas exist in the country in the form of rangelands, which are not fit for 
agricultural purposes due to shortage of water. Some of these can be converted to 
forestry uses. If used for afforestation activities, these lands can result in higher 
productivity of timber, fuelwood, and industrial wood. 

Deforestation in the country is the result of encroachments by village 
communities on the one hand, and of large scale illegal logging by timber 
merchants on the other. The high rate of population growth has served to 
aggravate the rate of depletion of forest cover as fuelwood and housing needs 
increase. The formation of forest cooperatives in areas such as Hazara has not 
helped much, as the cooperatives were overtaken by a few influential people who 
continued the practice of illegal timber extraction. Much of the devastation in 
NWFP can be attributed to the presence of the Afghan refugees, who, at the height 
of the influx, numbered over 3 million. The refugees were initially settled in camps 
outside main population centers, but bordering forest areas. initially, they met their 
fuelwood needs by lopping tree branches, but as the number of refugees, and 
consequently fuelwood demand increased, larger areas of forest began to be 
depleted. Afforestation efforts in these areas were useless, as there were no 
controls on grazing for the refugees’ livestock. 

In Pakistan, emissions from land-use change and deforestation constitute 13 
percent of total CO2 emissions in the country, making it the largest GHGs source 
after the energy sector. As such, the forestry sector possesses great potential to 
reduce emissions through the implementation of different mitigation options. 
Furthermore, these options can help meet biomass requirements, maintain 
biodiversity, protect critical mountain slopes, and promote sustainable 
development of the forest resources. 

Forestry-based mitigation options are mostly compatible with the 
development objectives of the Government. Along with the positive climate 
change effects of afforestation, the implementation of these options can serve to 
supply raw material for industrial use, provide fuelwood for the Village 
communities, and generate substantial employment opportunities. The 
conservation of biodiversity is another offshoot of investment in increasing 
biomass density in forests. Furthermore, these options can help in conserving the 
local environment by reducing sediment losses and deep percolation of rainwater, 
supplying industrial wood for local consumption, and contributing toward 
meeting the national demand of biomass products. Reforestation over large areas 
has already been carried out in degraded rangelands in different parts of the 
country. The bulk of the plantations are located in the northern mountain 
watersheds of the indus River system and the Jhelum catchment area. 

The COMAP model was used to estimate supply and demand positions of 
biomass from different forest types for the period 1990 to 2030. The submodels for 
forest protection and reforestation were used to calculate different economic 
indicators such as the net present value of investment (NPV). The relevant data for 
the year 1990 is derived from the FSMP. The proportion of wood production used 
as industrial wood varies from 0 percent to 35 percent of total wood production, 
depending on the type of wood. Wood from mangrove forests, for example, is 
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used entirely as fuelwood, while wood from eucalyptus or poplar would have 
uses in industry. 

(AHP) model along with a set of qualitative indicators, such as the options’
employment potential, technological adaptability, social acceptance, etc. The 
forestry options were selected on the basis of their technical and financial 
feasibility, environmental consideration, and ecological soundness. The options 
considered included promotion of agroforestry, forest protection measures and 
measures to enhance natural regeneration in conifer forests, the protection of 
watersheds, range management, and reforestation in riverain forests, among 
others. The areas of the forest and land-use categories considered are given in 
Table 4-6. 

The results from COMAP were used in the Analytical Hierarchy Process 

Conifer Forests 1,913 

Commercial Plantations 103 

Agroforestry 0 

Rangelands 28,377 

Source: GoP/RCA (1992) 

The options were assessed using the three subcomponents of the COWAP 
model. Data on the biomass needs of the country are taken from the Forestry 
Sector Master Plan (GoP/RCA, 192) for the year 1990 Future demand has been 
determined in view of the population growth. Growth data for different forest 
types are taken from FSMP reports and PFI. 

The accumulation of carbon in the soil and data on the rate of carbon 
accumulation is taken from data gathered in India, where the relevant research 
was recently conducted. Carbon in above ground vegetation is estimated on the 
basis of a default value of 0.5 for over-dried biomass of different tree species. 
Plantation costs have been worked out according to the prevailing labor rates, 
land rentals, and existing costs of relevant material. The basic assumptions used in 
the development of the options for COMAP are summarized in Table 4-7. 

their technical/finanical feasibility, socioeconomic relevance, and ecological 
soundness. These options are briefly discussed below. 

Of an array of potential forestry options, seven were selected on the basis of 

According to the FSMP, 4.4 mha of land were to be brought under forest, in a 
phased program, from the year 1993 to 2017. The forestry options developed here 
are fully compatible with the overall national objective of expanding tree cover 
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Categories Land Area, 
’000 ha 

Riverain Forests 173 

Watershed Plantations 130 

Agricultural Land 21,201 

Urban/Roadside Plantations 154 

Total Land Area 52,051 
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TABLE 4-7 
MITIGATION SCENARIO 

20.0 20.0 20.0 20.0 20.0 10.0 20.0 10.0 

10 .0 1.5 2.0 1 .0 1 .0 15.0 0.5 15.0 

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

20.0 20.0 20.0 20.0 20.0 10.0 20.0 10.0 

3.0 3.0 6.0 6.0 6.0 6.0 6.0 6.0 

5.0 2.5 5.0 2.5 2.5 5.0 2.5 5.0 

6.0 3.0 10.0 3.0 6.0 6.0 3.0 6.0 

3.0 2.5 20.0 2.5 3.0 2.0 2.5 2.0 

70.8 12.9 55.8 45.6 45.8 59.6 23.1 59.6 

140.8 82.9 185.8 115.6 155.8 129.6 93.1 129.6 
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and increasing area with thick growth of vegetation. The mitigation options 
identified are summarized below. 

Conifer Forests 

Coniferous forests are considered the most valuable natural forest resource in 
the country, as they constitute 45 percent of total forest area and 63 percent of total 
growing stock. These forests occur in the lower ranges of the Himalayas in 
northern NWFP, AJK, and the Northern Areas. There are some scattered juniper 
and pine forests in Baluchistan as well. The forests have an important productive 
as well as a protective role as they constitute part of the Tarbela watershed area. 
They are the main source of construction timber in the country. 

protection and management is the central focus of any forestry sector 
management plan. On a global scale, increase in cover of conifer forests is an 
important method of sequestering carbon. The option also has a considerable 
impact on conservation of biodiversity. 

However, these forests are now greatly degraded and poorly stocked. Their 
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The bulk of the natural coniferous forests are community-owned, with some 
private ownership. Conifer species such as chirpine and blue pine grow at the 
higher altitudes, while broad-leaf varieties grow in addition to conifers in the moist 
depressions. Chirpine is an aggressive conifer that comes up naturally if the 
ground is not disturbed and if seedlings are protected against trampling or grazing 
of livestock. 

Three separate options were developed relating to the management and 
protection of conifer forests. Two relate to forest management, and can be defined 
as (i) measures to enhance natural regeneration in conifer forests and (ii) measures 
to protect conifer forests. The third option relates to the institution of reforestation 
activities in conifers. These options are discussed below. 

Intensified Fast Management 

Intensified forest management measures are concerned with the protection of 
the coniferous forests to coax greater natural germination or enhanced natural 
regeneration (ENR) of and survival of small seedlings. These Measures are 
particularly important in areas where some vegetation is standing but natural 
regeneration is handicapped by the presence of excessive brushwood or by 
livestock grazing. The implementation of ENR procedures may also involve such 
activities as brushwood clearing and exposing the forest floor for encouraging 
natural regeneration. Instituting forest protection measures can encourage natural 
regeneration. Forest protection measures may involve fencing of critical areas and 
banning grazing/browing altogether so that livestock do not destroy seedlings. 

Reforestation 

Reforestation in the conifer forests is another area for possible action. 
Reforestation activities would be carried out in areas where the natural forest is 
totally degraded and natural regeneration or filling the gaps is not an option. This 
option would involve the restocking of existing forests through an extensive 
planting and protection program. Considering that there is very little opportunity 
for increasing the area of public forestlands, this option is important in that it offers 
an alternative means of increasing their productive potential. 

establishment of local communities’ rights over the forest products, would be the 
next step in forest management. The institution of such systems could have a 
potentially beneficial effect on rural incomes and save the people considerable 
time in activities such as fuelwood collection. 

Management of Riverain Forests 

Instituting sustainable forestry management methods, such as the 

Riverain forests are located along the Indus River in Punjab and Sindh. The 
existence of these forests depends on natural annual flooding in the monsoon 
season. Riverain forests are not only important as sources of fuelwood and timber, 
but they also help to contain the ferocity of peak floods, thus protecting 
agricultural lands. Falling river levels and receding water tables in the adjoining 
areas have adversely affected these forests. The problem is particularly acute in the 
province of Sindh, where such forests constitute the main forest resource. At 
present, only 20 percent of the forests receive adequate floodwaters The situation 
is likely to deteriorate in the future. 
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According to the FSMP, the first priority in measures in this regard would 
be to restock low and intermediate levels of riverain land that can be 
irrigated by gravity feed. High-lying areas would be treated next by 
instituting measures like lift irrigation. The appropriate sites would be 
surveyed in this program to determine suitable irrigation methods to be 
applied and to identify suitable tracts of land. 

Commercial Plantations 

These plantations were originally raised in the irrigated areas of Punjab 
in the last century as a means of fuel for the railways. The plantations are still 
a major source of fuelwood, but industrial wood such as shisham is also 
produced from them and they are the mainstay of Punjab’s forest economy. 
However, the plantations are now seriously under threat because of the 
reduction in available irrigation water. Irrigation channels in the area have 
not been desilted on a regular basis, and a considerable quantity of water is 
lost through seepage. In addition, there is considerable encroachment by 
people in the area, who illegally chop fuelwood and graze livestock in the 
forests. 

This option involves the raising and reforestation of plantations of 
eucalyptus and poplar, in addition to other suitable species such as mulberry 
and shisham, in the irrigated areas of the country. The species selected 
would be those which have considerable commercial return. Commercial 
plantations differ from agroforestry plantations in that commercial 
plantations would be set up over public land in canal-irrigated areas, while 
agroforestry would be practiced primarily over private landholdings. 

Watershed Management 

Watershed management has a unique importance due to its potential to 
effectively reduce large runoffs resulting from degraded catchments in the 
northern mountainous areas of the country, where heavy rains are common 
in the monsoon season. Watershed management practices include gully 
plugging, contour trenching, and check-damming, all measures that can 
significantly reduce runoff during the torrential monsoon rains. The positive 
effects of these works include soil stabilization on mountain slopes, 
reduction in the sediment load in the catchment areas of Tarbela and Mangla 
dams, and improvement in the habitat conditions of local flora and fauna. 

It is important to address relevant socioeconomic concerns when 
considering watershed management. The depletion of watersheds is due 
mainly to the structure of the local economies in mountain areas, where 
means of livelihood are limited and people are compelled to cultivate steep 
slopes or graze livestock in mountain valleys. Watershed development 
should thus be an integrated process, which involves some development 
initiatives to improve socioeconomic conditions. 

Watershed management programs may include measures to modify 
traditional forestry, livestock, and agricultural practices. In the context of 
forestry works in particular, watershed interventions include protecting 
slopes by planting trees, stabilizing soils by measures like gully plugging, 
constructing check-dams to check soil erosion, and so on. 
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This option is suitable for implementation in the mountain areas in the 
northern part of the NWFP, in the catchment area of the Jhelum in AJK, and 
some parts of northern Punjab. 

Agroforestry 

This option involves raising small plantations on private agricultural lands in 
irrigated areas. The benefits of agroforestry or farm forestry have long been 
recognized internationally, but it is only recently that the Forest Department in 
Pakistan has started concerted efforts to promote these plantations by providing 
essential inputs and some technical support. There are some significant benefits 
associated with farm forestry. Small-scale tree plantation programs are less labor 
intensive than some major crops, and do not necessarily require the use of large 
tracts of leveled land. Furthermore, if the right tree species are chosen, farm 
plantations can yield a multitude of products, including fruits, green manure, and 
animal feed. 

Under this option, farmers would be encouraged to grow fast-growing 
species such as eucalyptus, poplar, and semal, on their own land, and may be 
provided with seeds and other inputs for the purpose. The Forest Department and 
other related agencies or NGOs could provide farmers the necessary assistance, 
technical as well as non-technical, in establishment, protection, and maintenance 
of the plantations. 

The plantations will be grown along irrigation channels and close to 
tubewells or any suitably well-irrigated plots. Canal-side plantations have high 
yields of wood as canal-irrigated land is normally of good quality and tree roots 
make full use of seepage water.1 Deep soil areas with abundant irrigation supplies 
are ideal sites for species like poplar and semal in particular. These species can be 
substituted with eucalyptus in areas with seasonal fluctuations of irrigation water 
and less deep soils. 

Estimates suggest that the bulk of the country’s fuelwood and timber needs 
are currently met through agroforestry and private plantations, and there is 
considerable room for expansion of such programs. The option will help in 
providing handsome periodic benefits to the investors. There is substantial 
demand for eucalyptus and poplar wood in the industrial sector, and 
manufacturing units in industries, such as the particle board and fiber-board 
industry, tend to run at below 50 percent capacity because of lack of raw material. 
The possibility of developing a wood-pulp industry may also be more feasible if 
increased wood supplies are made available. 

Plantations on Agricultural Lands 

Plantations on agricultural lands consist of trees planted along agricultural 
fields. The species to be used for this option consist primarily of eucalyptus, which 
is in great demand in the pulpwood and chipboard industry. This option can be 
distinguished from agroforestry on two counts. Firstly, agroforestry plantations 
may include small block plantations, while plantations on agricultural lands are 
more likely to be linear plantations along fields. Secondly, while the agroforestry 
option refers mainly to planting in irrigated areas, plantations on agricultural lands 
can be raised even in barani (rain-fed) areas, where irrigation water is not 
necessarily available. The choice of the right species is very important in this case. 
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not compete for water and nutrients from 
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4.3.3 ASSESSMENT OF MITIGATION 
OPTIONS 
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Rangeland Management 

In different parts of the country, there are large tracts of degraded 
rangeland. Approximately 32 percent of the total area in the country is 
classified as rangeland, more than half of which occurs in the southern arid 
regions of Baluchistan, Sindh, and Southern Punjab. Most of the rangelands 
in Punjab, NWFP, and the Northern Areas (NA) are under private or 
collective ownership, while rangelands in Sindh belong to the Government. 
In Baluchistan, the ownership of vast areas of rangelands remains undefined 
as tribal groups lay conflicting claims on land areas. 

The most productive rangelands lie in the Potohar Plateau in Punjab, 
and in the northern mountainous regions of NWFP, AJK, and the NA. These 
areas have favorable temperature and moisture regimes, so regeneration is 
relatively rapid. However, existing rangelands tend to be highly degraded 
due to unrestricted grazing of livestock. Nutritious forage varieties and 
grasses are fast being replaced by less desirable vegetation. The rangelands 
require reseeding with leguminous fodder varieties and protection against 
grazing to enable regeneration to take place. The rehabilitation of 
rangelands in the mountain areas and in the Potohar region should be given 
first priority as these can be developed in a relatively short span of time due 
to favorable climatic conditions. 

encourage livestock owners to regulate the grazing of their herds to prevent 
overgrazing. The programs should also concentrate on increasing fodder 
production and improving animal nutrition as a means to persuade local 
communities to reduce dependence on existing rangelands. 

of fuelwood and pole timber for rural construction. The development of 
rangelands can also make the support of larger herds of livestock feasible. 
Rangeland management programs are also important as a means to conserve 
soil and water resources in addition to introducing better livestock 
management practices. Proper rangeland management can increase 
biodiversity, enhance soil conservation of mountain slopes and create 
employment opportunities in livestock management and rangeland 
management for the surrounding rural communities. 

Rangeland management programs would include programs to 

Areas developed under range management can yield sizable quantities 

The mitigation options identified were assessed on the basis of their 
GHGs emissions reduction potential and their cost-effectiveness. The 
assessment of these factors is crucial to selecting the most effective GHGs 
abatement options, given the cost constraints that are likely to arise for 
Governments in developing countries like Pakistan. 

The key indicators that were considered for review included life-cycle 
costs or the costs in terms of dollars per tonne of carbon abated. The initial 
investment required to begin implementation was also considered an 
indicator of ease of implementation. For assessing benefits, the net present 
value of benefits, measured in dollars per tonne of carbon abated, and the 
net present value of benefits accruing from the plantation or conservation 
programs, measured in dollars per ha, were considered. The benefits of 
options in the forestry sector were wide-ranging, and included the value of 
wood production for use in industry and the value of fuelwood and 
timber. 
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The abatement potential of the options was assessed by comparing the 
tonnes of carbon abated per ha for each option. Commercial plantations, 
consisting of species such as eucalyptus and semal, were found to have 
the greatest emissions reduction potential at 54.6 tonnes of Carbon per ha 
(tC/ha). Protection of conifer forests ranked second according to this 
criterion, with an abatement potential of 41.6 tC/ha. The other options 
concerned with reforestation and ENR in conifer forests also had relatively 
high emissions reduction potentials of over 39 tC/ha and 33 tC/ha, 
respectively. The emissions reduction potential of agricultural land was the 
lowest at barely 8 tC/ha. This was not surprising as plantations on 
agricultural land are widely scattered and do not constitute thick 
vegetation cover. 

The life-cycle costs, measured in terms of $/tC abated, were lowest for 
the two options concerned with private farm plantations, i.e., agroforestry 
and plantations on agricultural land. These options are low cost as all 
responsibility for planting and management would actually lie with the 
farmers who would participate in the program to grow plantations on their 
private lands. In contrast, options that require the use of procedures such 
as detailed site mapping, and provision of irrigation facilities, etc., were far 
more expensive. Commercial plantations had the highest life-cycle costs at 
$58.5/tC abated, while plantations in riverain forests ranked a distant 
second on this count with life-cycle costs of $25.4/tC. Plantations in 
watersheds were also a relatively expensive option with life-cycle costs of 
$15.8/tC. 

The initial investment required was highest for commercial plantations 
at over $2,000 per ha, much of which could be attributed to the costs of 
ensuring the quality of the infrastructure for irrigation. The investment cost 
of managing riverain plantations was also high at $1,337 per ha, for similar 
reasons, i.e., detailed site maps would have to be drawn up and irrigation 
facilities provided before the option can be implemented. Furthermore, 
investments in riverain forests would include the cost of making 
embankments to check soil erosion in the area. Investment costs were 
relatively low for agroforestry, at $47.5 per ha, but the most attractive 
options in this regard were plantations on agricultural lands and forest 
protection measures in conifer forests. In case of the former, investment 
costs are low, as the only cost incurred is that of producing and 
distributing seedlings. In the latter case, costs of protection are low as 
these consist mainly of fencing costs and costs of employing forest guards 
or watchmen. 

The net present value of benefits, expressed in terms of $/tC abated, 
included mainly the value of additional biomass produced as a result of the 
implementation of the options. This was assessed to be highest for 
commercial plantations at $87.4/tC. Irrigated plantations are primarily 
commercial plantations, and the wood produced is expected to be much in 
demand in industry; therefore the value of increased production is 
expected to be considerable. No other option had such attractive returns 
on a per unit basis. The riverain forests were assessed to have benefits of 
the order of $37.9/tC, while protection and reforestation measures in 
conifer forests were estimated to yield benefits of over $26/tC. Watershed 
plantations and plantations on agricultural land had relatively low benefits 
per unit of carbon because they do not have commercial uses. 
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Table 4-8 and Figure 4-2 present a summary of the comparative 
assessment of the options considered in this sector. 

TABLE 4-8 
SUMMARY OF COMPARATIVE 

ASSESSMENT OF FORESTRY 

SECTOR MITIGATION OPTIONS 
Protection in Conifer Forests 41.6 26.9 5.0 2.9 26.9 

33.8 408.5 298.5 7.1 11.5 Enhanced Natural Regeneration 
in Conifer Forests 

Riverian Forest Plantations 32.9 2,075.4 1,337.9 25.4 38.0 

Commercial  Plantations 54.6 4,780.8 2,223.8 58.5 87.5 

Watershed Management 26.8 43.1 930.3 15.8 1.1 

Agroforestry 29.7 88.0 47.5 0.6 1.4 

Plantations on Agricultural Land 7.5 17.8 5.4 0.6 2.4 

Rangeland Management 20 43 349 12.5 2 

FIGURE 4-2 

ASSESSMENT OF FORESTRY 

SECTOR MITIGATION OPTIONS 

SUMMARY OF COMPARATIVE 

4.4 BASELINE AND LEAST- 
COST ABATEMENT 
SCENARIOS TO 2020 

4.4.1 APPROACH  AND 
METHODOLOGY 
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The baseline and abatement scenarios were assessed using all three 
components of the COMAP model, i.e., the Forest Protection, 
Reforestation, and Biomass submodels. The use of COMAP has a particular 
advantage for funding agencies and policy makers in that it can be used to 
generate a series of cost-effectiveness indicators in addition to indicators of 
emissions reduction. This enables rapid assessment of forestry projects. 

the exception of forest protection in conifer forests, which was evaluated 
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All options were assessed primarily in the Reforestation submodel, with 

Conifer Forests 
Mitigation 
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Analysis 
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abated 

a. Intensified Forest Management 

b. Reforestation in Conifer 
Forests 39.1 1,089 756.0 12.7 27.9 
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using the Forest Protection submodel. The Biomass submodel was used to 
assess the impact of the mitigation options on biomass supply and demand, 
and to develop a strategy to ensure that biomass demand is met within the 
forestry sector by ensuring that sustainable forestry practices are instituted. 

The scenario assumptions in the base case were developed on the basis 
of current trends in land-use and consumption of forest products in the 
country. The rural population growth rate was assumed to be 2 percent per 
annum for the first period (1990-2010) and 1.7 percent per annum for the 
second (2010-2030). The growth rate of value added in industry was assumed 
at 7 percent per annum for the first period and 9 percent per annum for the 
second. These two indicators were considered the basis for projections of 
demand for fuelwood and industrial wood, respectively. Some abatement is 
expected to take place in the baseline scenario, given that the FSMP was 
prepared in 1992 and has detailed programs for forest protection and 
afforestation, many of which are currently being implemented by provincial 
forestry departments in conjunction with donor agencies. 

depletion, which was assumed to be dependent on the rate of product 
extraction, i.e., the rate at which wood is extracted to meet the demand for 
fuelwood and industrial wood. The biomass demand was linked with energy 
demand scenarios developed for the energy sector, and found consistent. 
Thus, the demand for industrial wood was linked with demand for other 
energy products in industry and with growth in the industrial sector. Similarly, 
the demand for firewood was linked with projected energy supply and 
demand scenarios for the rural areas. Therefore, rates of urbanization and the 
expansion of rural electrification programs were accounted for in the scenarios 
developed. The basic scenario assumptions for the baseline and abatement 
scenarios are detailed in Table 4-9. Assumptions common to both the 
scenarios are given first. 

The other important assumptions concerned the rate of biomass 

FORESTRY AND LAND-USE 
CHANGE SECTOR ASSESSMENT 

4.4.2 SCENARIO ASSUMPTIONS 

TABLE 4-9 
SCENARIO ASSUMPTIONS 

Population, million 115.7 146.6 185.1 222.4 

GDP, base year constant $ billion 46.5 75.6 135.4 242.5 

Estimated Share of the Informal Sector in                 -                -                -                - 
the Economy, percent of GDP 

Industrial  GDP, percent 17.9 18.1 22.6 31.1 

Services GDP, percent 52.9 54.0 54.0 50.3 

Agriculture GDP, percent 25.9 23.8 18.8 14.7 

GDP per capita, base year constant $ 401.9 516.0 731.4 1,090.4 

30.5 33.9 36.6 40.4 Urban Population as percent of total 
population 

Discount Rate per annum 8% 8% 8% 8% 
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4.4.3 BASELINE SCENARIO 
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Land Area, sq km 795,778 795,778 795,778 795,778 

Urban, percent                                                    -                 -                -                  -

Forest, percent 3.9 3.9 3.9 3.9 

Agroforestry, percent 0.00 0.3 0.6 0.9 

Agricultural Land, percent 24.1 23.8 23.5 23.1 

Wasteland, percent 39.2 39.2 39.2 39.2 

Rangeland, percent 32.2 32.1 31.9 31.8 

Watershed Plantation, percent 0.2 0.3 0.5 0.6 

Others, percent 0.3 0.6 0.8 0.9 

CO2 Emissions Intensity per GDP, kg-c/$ 0.10 0.08 0.08 0.08 

CO2 Emissions per Capita, kg-c/capita 39.4 44.0 57.4 85.5 

Land Area, sq km 795,778 795,778 795,778 795,778 

Urban, percent                                                     -                -                 -                  -

Forest, percent 3.9 3.9 4.1 4.2 

Agroforestry, percent 0.0 0.3 0.8 1.6 

Agricultural Land, percent 24.1 23.8 23.2 22.4 

Wasteland, percent 39.2 39.2 39.2 39.2 

Rangeland, percent 32.2 32.1 31.8 31.4 

Watershed Plantation, percent 0.2 0.3 0.5 0.8 

Others, percent 0.3 0.3 0.3 0.3 

CO2
 Emissions Intensity per GDP, kg-c/$ 0.10 0.08 0.04 0.01 

CO2 Emissions per Capita, kg-c/capita 39.4 40.5 30.0 7.8 

“Data are not available.” 

In the baseline scenario, it was assumed that about 44,000 ha of 
afforestation per annum would be carried out in the country under the FSMP. 
About 30,000 ha per year of this afforestation was attributed to agroforestry, 
and the remaining 14,000 ha per year to reforestation works in the upland 
watersheds. The land-use over time has been assumed to remain constant for 
all categories except watershed plantations and agroforestry; their area is 
expected to expand with the implementation of forestry projects being 
planned under the FSMP and other forestry projects. The area under 
rangelands and agricultural land is expected to decrease proportionally, as it is 
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assumed that rangelands will be given over to watershed plantations and 
agricultural land to agroforestry plantations over time. 

The rate of biomass depletion depends upon the rate of product 
extraction, i.e., the rate of extraction of wood for fuelwood and industry. In the 
base case, the growth rates of biomass stock per ha per annum were assumed 
to range from 0.7 percent for conifers to 1.8 percent for riverain forests. In case 
of conifers, for example, 70 percent of this increased production was expected 
to be consumed as fuelwood, and the rest used for industrial consumption. 
Such assumptions were made for all the categories of wood produced. The 
proportion of increased production available for use as fuelwood or industrial 
wood was then worked out accordingly. Next, the expected demand of 
fuelwood and industrial wood was assessed using the growth rates of rural 
population and growth of industry as the primary explanatory variables. The 
model then calculated the rates at which biomass stocks are likely to be 
depleted. 

the final year of analysis to sustain demand from these two sources, the rate of 
depletion was rapid enough to virtually eradicate forest cover. In particular, 
the biomass stocks were expected to deplete from 244,000 thousand tonnes in 
1990 to just over 65,000 tonnes in 2030. Emissions in CO2 -equivalent were 
projected to grow from 10.0 million tonnes in 1991 to 41.8 million tonnes by 
2020. 

The exercise revealed that while enough biomass stocks remained until 

In the mitigation case, the area under conifer forests was expected to increase 
at the rate of 2,700 ha per year from 2001 to 2004. This rate was expected to keep 
increasing until annual increase in area under conifer forests reached 9,900 ha per 
annum by 2030. Area under other forest categories, such as riverain forests and 
commercial plantations in particular, was similarly expected to grow at the rate of 
1,000 and 500 ha per annum, respectively, in the initial stages, gradually increasing 
to about 6,000 ha per year for riverain plantations. For commercial plantations, no 
increase in area was envisaged after 2005 as no major expansion of irrigation 
facilities is planned. Rates of increase of area under watershed and agroforestry 
plantations were similarly expected to be substantially higher in the mitigation 
case than in the base case. 

Just as larger areas were assumed to be under plantation in the mitigation 
scenario, the rate of product extraction was also expected to be more sustainable 
than in the base case. In particular, rates of fuelwood and industrial wood 
extraction were expected to fall after the institution of protection measures, while 
rates of increase of biomass stocks were expected to increase marginally. Taking 
the example of conifers again, the growth rate of biomass stocks was expected to 
average 0.8 percent in the mitigation case, as opposed to 0.7 percent in the base 
case, while rates of extraction were expected to average 1.2 tonnes per ha, as 
opposed to 1.6 tonnes per ha in the base case. 

reduction in emissions in CO2 -equivalent from 10 million tonnes in 1991 to 3.8 
million tonnes by 2020. 

The implementation of the mitigation options was expected to translate into a 

Forestry sector abatement options are often considered particularly 
attractive due to their considerable benefits in addition to those related to climate 
change. Forestry options can contribute significantly to the conservation of 
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biodiversity, and the institution of forest protection measures, even over small 
areas, can have an appreciable impact. The local environmental impact of 
options cannot be directly translated into monetary benefits, though effects such 
as reduction in sediment load in streams, refilling of aquifers, and moderating 
influence of vegetation on microclimate can be ascertained. In addition, the 
employment and income generating effects of programs in the forestry sector 
have made these particularly relevant for the rural economy. Most of the options 
considered here relate to plantation activities and to the protection of forest 
areas. Employment generated during actual plantation is generally short-term 
However, activities associated with forestry works, such as the establishment of 
nurseries or the institution of forest protection measures, may also provide 
employment in rural economies where crop agriculture can no longer provide 
means of sustenance for a household with a subsistence landholding. 

Forest management, reforestation in coniferous forests, and watershed 
management measures would have the most significant effects on biodiversity 
and the most beneficial local environmental effects. The benefits to the local 
community are more difficult to ascertain. If a mix of species is planted, i.e., 
broad-leaved species are planted on lower slopes, the benefits to the 
community are more immediate as the fast growing broad-leaf vegetation can 

greater, at least in the first few years after plantation until the tree canopy closes. 
In the long term, forest management policies may be instituted with the help of 
local communities defining the community’s rights over the forest and the 
distribution of revenues from sale of forest products. The benefits of plantations 
in agroforestry are significant as they primarily produce commercial wood, 
which has a ready market. Table 4-10 summarizes the key characteristics of each 
of the options. 

be used for firewood or fodder. In addition, the growth of grasses may be 

Agroforestry 1,152 276.4 42 101.4 

478 73.0 57 12.9 Protection of Conifer 
Forests 

Watershed Plantations 42 1 63.4 273 -18.1 

85 17.0 118 176.4 Riverain Forest 
Plantations 

Commercial Plantations 50 10.0 160 239.0 

PAKISTAN 

Options Area to be 
Dedicated, 

’000 ha 

Total C 
Abatement, 

million 
tonnes 

Life Cycle 
Cost, 

$ million 

Total NPV 
of Benefits 
$ million 

Plantations on 
Agricultural  Land 

1,000 27.4 5 17.8 

ENR of Conifer Forests 200 26.0 50 81.7 

Roforestation in Conifer 
Forests 

152 21.8 75 165.6 

Rangeland Management 1,074 80.2 274 -45.7 

Total 4,612 595.2 1,054 731.1 
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So far, the Forest Department has regulated the use of public forests by 
policing and enacting regulations. This policy proved largely ineffective as it 
failed to engender a sense of ownership in the communities living in and 
around forest areas, that felt justified in encroaching upon the forests to fulfil 
their basic needs for fuelwood and fodder. Since enforcement of regulations was 
generally weak, the Forest Department’s top-down approach failed to control 
the illegal felling or even large-scale logging that has taken place in recent years. 

No concerted effort was made in the past to encourage plantation on 
private lands and on farms where farmers can directly benefit from the sale of 
forest products. The planning and assessment capacity in the Forest Department 
is also limited, which has compounded the problem. 

forestry methods wherein the local communities are fully involved in the 
management and utilization of the forests. Similarly, there is greater emphasis on 
farm forestry and forestry on private lands, in a bid to relieve pressure from 
public forests. The overall implementation strategy for the forestry sector has 
been formulated keeping these factors in mind. 

The assessment of the forestry options shows that planting on private 
farmlands, or promoting agroforestry and agricultural plantations are the least 
expensive options, with a total carbon abatement potential of 82 million tonnes, 
or over 300 million tonnes of CO2 -equivalent. The agroforestry option is also 
particularly attractive because of the increased emphasis on private plantations. 
Nevertheless, farmers do need technical assistance from trained personnel in 
managing and marketing their plantations. The Forest Department, the involved 
NGOs, and other bodies concerned need to strengthen their outreach programs 
to provide the required technical support to private plantation holders. 
Agroforestry is a viable option to promote as the financial benefits from 
plantations, estimated at a net present value of $224 million, accrue to the 
farmers themselves, who can thus be motivated to invest in the maintenance of 
such plantations. These plantations have considerable positive local 
environmental and productivity impacts. About 2.5 mha of land is expected to 
be devoted to agroforestry in the coming years. 

While private plantations and agroforestry may prove to be of primary 
importance for the forestry sector in the future, conifer forests cannot be 
neglected. These forests constitute the most valuable forest resource in the 
country in terms of their impact on the local environment and they are the most 
important type of forest in the country’s watershed areas. Conifer forests provide 
the bulk of industrial wood, and the institution of proper harvesting and 
management practices (for example, cable harvesting systems) for these forests 
is crucial for the wood products industry. In addition, the forests provide much 
needed fuelwood in the harsh climate of northern Pakistan. The conifers are 
perhaps the most degraded forest areas in the country, and the protection and 
regeneration of these forests is vital. However, management plans have to be 
carefully designed as access to these forests is often difficult and over-harvesting 
and road construction can contribute to the fragility of the environment. 

Forestry sector initiatives are now moving increasingly towards social 

PAKISTAN 

FORESTRY AND LAND-USE 
CHANGE SECTOR ASSESSMENT 

4.5 SECTOR LEAST-COST 
GHGs ABATEMENT 
STRATEGY 

GOALS 
4.5.1 GENERAL STRATEGY AND 

PAGE 119 

file:///Users/taralaan/Dropbox/Pakistan%20INDC%20&%20Low%20Carbon%20Scenarios/Forestry/13042016/SCREEN-2.pdf


SECTION 4 FORESTRY AND LAND-USE 
CHANGE SECTOR ASSESSMENT 

The protection of conifers is closely linked with watershed management 
and rangeland management as all such works are concentrated in areas that 
constitute the watersheds of the Tarbela and Mangla dams. Thus, watershed 
management works will include soil conservation works in addition to 
plantation and conservation of forests. The watershed management 
programs are particularly important in view of the importance of canal- 
irrigated systems for Pakistan’s economy. Annual losses from siltation of 
reservoirs and irrigation works are estimated at $92.57 million (average 
exchange rate for 1992: $1 = Rs.24.84), and much of this loss is due to the 
degraded state of upland watersheds and rangelands. 

industry, the potential of which cannot be explored given the chronic 
shortages of raw material faced by the industry. Commercial plantations, 
whether in public-owned irrigated areas or on agroforestry plantations, also 
provide an incentive for growers to take part in afforestation activities, as the 
returns accruing to such plantations are considerable. 

Commercial plantations are crucial for the growth of the country’s wood 

The least-cost ranking of mitigation options is presented in Figure 4-3. 

FIGURE 4-3 
LEAST-COST RANKING OF 

MITIGATION OPTIONS IN THE 

FORESTRY SECTOR 

4.5.2 PROPOSED TIMELINE FOR 
IMPLEMENTATION OF 
STRATEGY 
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As detailed in Table 4-11, the area under coniferous forests, riverain 
forests, commercial and watershed plantations and agroforestry is expected 
to increase each year, while area under rangeland or agricultural land is 
expected to decrease proportionally. The expected changes in area are 
given below. 

implementation do not become apparent in the short term in most cases. 
The forestry sector options were prioritized on the basis of a set of 
qualitative and quantitative criteria, including the emissions reduction 
potential of the options; the economic rates of return; social acceptance; 
policy, institutional, and technological barriers likely to arise during 
implementation; the relevance of the options to national development 
priorities; and the local environmental impacts. Table 4-12 gives the relative 

Forestry sector initiatives are all long-term options and the benefits of 
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Conifer Forests Increase 16.2 36.9 49.5 49.5 49.5 49.5 
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TABLE 4-11
CHANGE IN AREA IN 

MITIGATION CASE 

Commercial Plantations  Increase 2.3 6.8 9.0 11.3 0.0 0.0 

Agroforestry Increase 192.0 320.0 320.0 320.0 320.0 320.0 

Rangeland Decrease -99.5 -149.4 -162.0 -1620 -1620 -162.0 

TABLE 4-1 2 
RANKING OF FORESTRY SECTOR 

OPTIONS 

Commercial Plantations 2

Forest Protection in Conifer Forests  4 

Rangeland Management  6 

Enhanced Natural Regeneration in Conifer Forests   8 

Source: HBP (1998) 

ranking of the forestry sector options, which was based on the evaluation of 
each option against the above criteria. 

Agroforestry tops the rankings as the most viable option. The emissions 
reduction potential of this option outranks by far that of any of the other 
options developed in the forestry sector. The potential for the option is 
considerable as there is a wealth of agricultural wasteland that may be 
converted to forestry purposes. Agroforestry also has attractive economic 
returns as these plantations have commercial uses. The option also ranks 
very high with respect to social acceptance. Agroforestry plantations would 
be carried out on private lands, and the benefits of the plantation would 
accrue to the owners themselves. People are generally more likely to be 
receptive to the idea of converting nonproductive private land to forest uses 
than they are to protecting Government-owned forests from which they do 
not derive direct benefits. Agroforestry is important in national policy as the 
Government has repeatedly expressed interest in promoting social forestry 
and community participation in forestry initiatives. The institutional barriers 
to promoting the option are also relatively low as the Forest Department’s 
role will be more advisory than implementation oriented. The local 
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Options Change 
in Area 

’000 Hectares 

2001-5 2006-10 2011-15 2016-20 2021-2025  2026-2030 

Riverain Forests Increase 7.0 21.9 28.1 28.1 28.1 28.1 

Watershed Plantations  Increase 83.3 112.5 112.5 112.5 112.5 112.5 

Agricultural Land Decrease -201.3 -348.6 -357.1 -359.3 -348.1 -348.1 

Options Rank 

Agroforestry 1

Reforestation in Conifer Forests  3 

Watershed Management  5 

Riverain Forest Plantation  7 

Plantations on Agricutural Land  9 
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environmental impact of the option is likely to be very positive, but this is 
true of most of the forestry options, all of which have positive effects on 
local microclimate and can effectively control soil erosion. 

Agroforestry was the highest-ranked option by a significant margin. 
Commercial plantations follow as the next important option. The emissions 
reduction potential was not an important factor in this evaluation. However, 
the economic benefits of plantation are considerable, as plantations in these 
areas would consist mainly of commercial species like semal and poplar. 
Furthermore, social acceptance for these kinds of plantations is likely to be 
high, given the monetary returns accruing from them. 

The next-ranked option related to reforestation efforts in conifer forests. 
Although the emissions reduction potential of the option was relatively small 
at just about 22 million tonnes of CO2, the option had significant economic 
returns given the importance of conifers in commercial wood use and as a 
source of timber. The conifer forests are also particularly important from a 
national development perspective, as they constitute the bulk of the forests 
in the watershed areas, and their conservation is thus important for the 
maintenance of the irrigation system of the country. 

in the rankings. Both are particularly significant as national policy priorities. 
While watershed works are also desirable from the social acceptance 
perspective (the works can generate significant employment), forest 
protection in conifer forests has important economic benefits in the form of 
higher potential yields of timber. 

The area to be devoted to rangeland management was second in size to 
agroforestry at just over 1 mha. Rangeland management ranked sixth, 
propelled mainly by the significant emissions reduction potential associated 
with the option, which was second only to agroforestry at 80 million tonnes 
of CO2. Plantations of riverain forests ranked a very close seventh and the 
factors contributing to the ranking were similar to those for irrigated 
plantations. Economic returns accruing from riverain plantations are 
projected to be even higher than those for irrigated plantations as the wood 
production from these plantations is expected to be higher because more 
area can be brought under afforestation. 

The lowest-ranked options were enhanced natural regeneration in 
conifers and plantations on agricultural land. Plantations on agricultural land 
had not only a lower emissions reduction potential, but the returns accruing 
from the options were also assessed to be lower, given the typically lower 
density of plantation. 

The protection of conifer forests and watershed management stood next 

The development of forest resources is an integral component of 
Pakistan’s environmental and climate change policy. The Government’s plans 
for the sector include the promotion of farm forestry and social forestry 
initiatives as a viable alternative to the traditional protection-oriented approach 
of the provincial forest departments. In addition, the Forestry Sector Master 
Plan, completed in 1992, formulated a series of action plans encompassing a 
broad range of issues, such as watershed development, wood production and 
industrial development, and programs for the protection of rangelands and 
sand dune stabilization. 

Forestry should not be a net emitter of GHGs, as biomass consumption 
will not increase total atmospheric CO2 if adequate re-plantation and 

PAKISTAN 

file:///Users/taralaan/Dropbox/Pakistan%20INDC%20&%20Low%20Carbon%20Scenarios/Forestry/13042016/SCREEN-2.pdf


SECTION  4 

afforestation measures are taken. In Pakistan, however, where the rate of 
depletion of forest cover is high, forestry is an important negative GHGs sink. 
The mitigation potential in the forestry sector is considerable, as tree plantation 
and watershed management activities serve to increase carbon sequestration 
both above and below ground. 

Among the options developed for the sector, agroforestry would be 
considered one of the most viable options. The emissions reduction potential 
of this option outranks by far that of any of the other options developed for 
the forestry sector at 276.4 million tonnes of CO2 abated by 2020. This is 
primarily because agroforestry plantations are projected to extend over 2.5 
mha of private land. The potential for the option is considerable as there is a 
wealth of agricultural wasteland that may be converted to forestry purposes. 
Agroforestry also has attractive economic returns as these plantations have 
commercial uses. Agroforestry plantations would be established on private 
lands, and their benefits would accrue to the owners themselves. This option 
is important from the perspective of national forestry policy, as the 
Government has repeatedly expressed interest in promoting social forestry 
and community participation in forestry initiatives. 

to conservation and afforestation in conifer forests. These options had 
significant economic returns given the importance of conifers in commercial 
wood use and as a source of timber. The conifer forests are also particularly 
important from a national development perspective as they constitute the bulk 
of the forests in the watershed areas, and their conservation is thus important 
for the maintenance of the irrigation system of the country. Watershed 
management programs are important for similar reasons; checking soil erosion 
from watersheds is imperative for the continued effectiveness of hydroelectric 
power projects in particular. Watershed management projects may also have a 
positive impact on employment opportunities in the area, particularly in the 
short term when works are being carried out. 

Commercial plantations are a particularly feasible option from the 
financial and economic point of view, as the monetary benefits accruing from 
the plantation are likely to be considerable. The plantations would consist 
mainly of commercial species like semal and poplar, which have uses in 
industry. Plantations of riverain forests are also likely to be feasible for similar 
reasons. Economic returns accruing from riverain plantations are projected to 
be even higher than those for commercial plantations, as more area can be 
afforested in their case which will lead to higher wood production. 

agroforestry at just over 1 mha. Rangeland management has a significant 
emissions reduction potential, again, second only to agroforestry at 80 million 
tonnes of CO,. However, the option will be complicated to implement as it 
involves persuading nomadic communities, who are dependent primarily on 
livestock, to change the grazing patterns they follow. In addition, effective 
rangeland management depends on the settlement of land disputes with the 
Government. Plantations on agricultural land was the option with the lowest 
emissions reduction potential, and the returns accruing from the option were 
also assessed to be lower, given the typically lower density of plantation. 

Forestry has become an area of particular interest for donors and 
development NGOs in recent years and a number of forestry projects are 
currently in place in the country, particularly in NWFP. The provincial Forest 

Other options that may have significant benefits include the ones relating 

The area to be devoted to rangeland management was second in size to 
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Departments in the country have the necessary experience to carry out 
programs suggested for the forestry sector. While some technical expertise 
may be lacking in the department, the country has research institutes like the 
PFI that can provide support. One attractive feature of the forestry sector is that 
the additional (non-climate change) benefits accruing from the 
implementation of afforestation programs in themselves provide sufficient 
justification for carrying out forestry works. 
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griculture, which includes crop production, livestock, and fisheries, is 
the single largest sector of the economy, contributing almost a quarter A of total GDP. Cotton, rice, sugarcane, and wheat are the major crops of 

the country; cotton and sugarcane are also basic raw materials for major agro- 
based industries such as cotton yarn, textiles, and sugar refining. The export of 
rice and raw cotton alone accounted for almost 12 percent of total export 
earnings in 1995-1996. The growth rate of the country’s GDP is strongly linked 
with growth in agriculture—–in any particular year, the value of the cotton crop 
alone is considered an important indicator of the state of the economy. 

added in the sector in 1995-1996, while livestock was the second largest 
component with a share of 32 percent. The value of production of major crops 
has fluctuated somewhat in the last few years. It was (in real terms) Rs 63 billion 
in 1991-1992, fell to Rs 53 billion in the following year, and then rose gradually to 
just over Rs. 62 billion in 1995-1996 (refers to constant 1980-1981 Rs; average 
exchange rate for 1992: $1= Rs 29.89). Much of the decline in growth rates can 
be attributed on the one hand to fluctuations in cotton production due to 
repeated pest attacks and on the other hand to unfavorable weather conditions, 
mainly persistent drought in cotton growing areas. 

Of the major crops, the maximum area, over 8.3 mha, is devoted to wheat 
cultivation. Wheat is grown both in the irrigated and the non-irrigated areas and 
on a multitude of small landholdings. Cotton is the next most widely cultivated 
crop with an area of 2.9 mha, while rice was grown on a total of 2.1 mha in 1995- 
1996. The area under cultivation of wheat and rice has not grown significantly 
since the beginning of this decade. The area under rice cultivation, in particular, 
seem to have stabilized around the 2.1 mha figure since 1989-1990. This 
stabilization may have occurred as a result of the general shift from cultivation of 
food crops towards cash crops such as cotton, sugarcane, oilseeds, etc., as more 
and more farmers are encouraged to grow exportable produce. The cultivation of 
rice has also been constrained by the shortage of irrigation water. 

The growth of the value of production in the livestock sector, by 
comparison, has been fairly steady and has averaged close to 6 percent since the 
beginning of the decade. Milk and meat are the most important livestock 
products, along with hides and skins, which are also exported. Buffaloes are the 
most important milk-producing animals and an important form of investment for 
the small farmer, whose livestock holdings are typically the only form of capital 
he possesses. The population of buffaloes was estimated at 20.7 million last year. 
The growth rate of population averaged 2.5 percent for the period 1990-1991 to 
1996-1997, as compared to over 5 percent per annum for the period from 1984- 
1985 to 1990-1991. This decline seems to be correlated with the fluctuations in 
production of major crops, which tend to translate into lower incomes for 
subsistence farmers in particular. Holdings of cattle (mainly cows) have not 
changed significantly over the last decade or so, and average growth in the 
heads of cattle has been under 1 percent. The population of flocks (goats and 
sheep) came to almost 78 million in 1996-1997, and per annum growth rates of 
population averaged over 3 percent for the period from 1990 to the present. 

About 80 percent of total methane emissions in Pakistan arise from 
agriculture. Within the sector, enteric fermentation in livestock accounts for 75 
percent of methane emissions, while anaerobic decomposition from rice paddy 
fields accounts for most of the remaining emissions. A small proportion (less 
than 1 percent) of the total carbon monoxide emissions in the country also 

Within the agriculture sector, major crops accounted for 45 percent of value 
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arises from agriculture, from field burning of agricultural residue. Emissions of 
other GHGs from agriculture are negligible. 

The agriculture and livestock sectors in Pakistan are significant sources of 
CH4 These arise mainly from flooded rice fields and enteric fermentation in 
domestic livestock. In addition, smaller quantities of non-CO2   greenhouse gases, 
such as CO,   N2O and NOx, are emitted when agricultural residue is burned in 
fields. 

Enteric fermentation results from the normal digestive process of 
ruminative animals. The amount of methane produced by an animal varies 
according to its type, which determines the nature of its digestive system and 
its feed intake. The amount of emissions increases proportionally with the size 
of the feed intake. 

of organic material in flooded rice fields. The gas escapes to the atmosphere 
by diffusive transport through the rice plants during the growing season. 
Globally, rice paddy fields account for 5-30 percent of the total CH4 emissions 
due to anthropogenic activities (IPCC, 1995b) CH4 fluxes from paddy fields 
depend critically on soil type and on application of organic matter and mineral 
fertilizer. 

Crop residue burning is a source of a small amount of  CO2, CH4, CO, NOx, 
and N2O emissions from agriculture. However, this activity is not a net source of 
CO2 as the same quantity of gas is reabsorbed by the crop in the next growing 
season. 

The burning of crop residue as a source of energy is covered in the energy 
section. Savanna burning has not been considered in this inventory, as it is not 
practiced in Pakistan. 

National Technical Experts (NTEs) prepared the GHGs inventory for the 
agriculture and livestock sectors. GHGs emissions estimates from enteric 
fermentation in domestic livestock were based on an average of the livestock 
population in 1986 and 1990. Methane emissions from rice cultivation and 
GHGs emissions from field burning of agricultural residue were calculated for 
the year 1989-1990. 

Methane Emissions from Domestic Livestock 

Methane is produced from rice paddies during anaerobic decomposition 

In this inventory, the IPCC (1995b) recommended Tier I simplified 
methodology has been used to estimate methane emissions from enteric 
fermentation. To ensure reliability, the average annual population of each 
livestock subgroup was obtained for a three-year period. Next, default 
emissions factors for each type of animal identified in IPCC (1995b) were 
multiplied by the number of animals to give the emissions from enteric 
fermentation. In the third and final step, emissions were calculated by 
applying the appropriate emissions factor to the number of animals for each 
livestock type in Pakistan to produce a total for enteric fermentation. 

default emissions factors recommended for the Indian subcontinent in IPCC 
(1995b) have been used because the livestock and livestock production 
systems in the region are very similar and no studies to develop local 
emissions factors have been carried out in Pakistan. 

The calculations were made using Worksheet 4-1 from IPCC (1995b). The 

Methane emissions from domestic livestock are presented in Table 5-1. 

PAKISTAN 

file:///Users/taralaan/Dropbox/Pakistan%20INDC%20&%20Low%20Carbon%20Scenarios/Forestry/13042016/SCREEN-2.pdf


SECTION 5 

Dairy Cattle 6,773 46 31 1,558 311.6 

Buffaloes 14,567 55 801,185 801.2 

Goats 30,077 5 150,385 150.4 

Horses 267 18 4,806 4.8 

Swine 0 0.0 

Source: HBP (1998) 

Methane Emissions from Rice Cultivation 

Methane emissions from rice fields were calculated using the Tier I 
simplified methodology identified in IPCC (1995b). Accordingly, the harvested 
area of rice with no organic amendments was multiplied by the emissions factor 
(seasonally integrated flux in kg per ha) for areas with no organic amendment; 
the harvested area of rice with organic amendments was multiplied by the 
emissions factor (seasonally integrated flux in kg/ha) for areas with organic 
amendment. The estimated methane emissions from rice cultivation were the 
sum of the two values obtained. 

These calculations were made using a variation of Worksheet 4-2 of IPCC 
(1995b)—the Worksheet developed appears in the appendix of the Task A.5 
report (HBP, 1998). The total harvested area in million hectares (mha) was the 
sum of the harvested areas with and without organic amendment. Similarly, the 
emissions factors were specified for rice cultivation with and without organic 
amendment. For the no-organic-amendments situation, the default emissions 
factor of seasonally integrated flux from continuously flooded rice fields 
identified in IPCC (1996) (per. com. Mitra, 1997) has been used. A multiplier 
factor of 2 has been used for the area where organic amendments are used. An 
estimated one fourth of harvested area receives organic amendments 
(Chaudhry, 1997). 

Table 5-2 gives methane emissions from flooded rice fields in Pakistan. 
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TABLE 5-1 
METHANE EMISSIONS FROM 

ENTERIC FERMENTATION IN 

DOMESTIC LIVESTOCK, 

1989–1990 
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Number of 
Animals, 

’000 

Emissions 
Factors for 

Enteric 
Fermentation, 
kg/head-year 

Emissions 
from Enteric 
Fermentation 

t/year 

Total Annual 
Emissions 

from 
Domestic 
Livestock 

Gg 

Non-Dairy Cattle 8,061 25 201,525 201.5 

Sheep 18,026 5 90,130 90.1 

Camels 715 46 32,890 32.9 

Mules and Asses 267 10 24,970 25.0 

Poultry 0 0.0 

Total 1,617,449 1,617.4 
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TABLE 5-2 

FLOODED RICE FIELDS 

METHANE EMISSIONS FROM 

5.2.2 DATA SOURCES 
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ASSESSMENT 

Continuously Flooded   2.1  200 400  526 

Notes: 

Source: HBP (1998) 

NOA - No Organic Amendment 
WOA - With Organic Amendment 

Field Burning of Agricultural Residues 

GHGs emissions from field burning of agricultural residues were calculated 
using the methodology specified in IPCC (1995b). The annual production of 
important crops that produce residues burned in fields was multiplied by the 
residue-to-crop ratio to give the quantity of residue. Next, the quantity of residue 
was multiplied by the dry matter fraction to give the quantity of dry residue in 
Gigagrams (Ggs) of dry matter. Third, the quantity of dry residue was multiplied 
by the fraction burned in fields and the fraction of biomass oxidized to give the 
total biomass burned. Next, the total biomass burned was multiplied by the 
carbon fraction of each residue to give the total carbon released in Gigagrams of 
carbon. Then, the total carbon released was multiplied by the nitrogen-carbon 
ration to give the total nitrogen released. Finally, the carbon released was 
multiplied by the emissions ratios for CH4 or CO to give the emissions of carbon 
as CH4 and CO. The nitrogen released was multiplied by the emissions ratios for 
N2O and NOx to give the emissions of nitrogen as nitrous oxide and nitrogen 
oxides. In the end, each gas was multiplied by the conversion ratio to give the 
amount of emissions from burning agricultural residue. 

The calculations were made using Worksheet 4-4 from IPCC (1995b). 

Methane Emissions from Domestic Livestock 

Livestock population, i.e., the number of animals in each livestock 
subgroup, has been taken from the Agricultural Census (EAD, 1990); the 
Agricultural Census is published annually by the Ministry of Food, Agriculture 
and Livestock, Government of Pakistan. The value of harvested area is an 
average of data for the three years from 1988 to 1991 from the Agricultural 
Statistics of Pakistan (EW, 1991). 

Methane Emissions from Rice Cultivation 

The proportion of area covered by organic amendments has been 
estimated on the basis of information provided by experts in public institutions 
involved in rice research and production development in Pakistan. 

GHGs Emissions from F ield Burning of Agricultural Residues 

The annual production figure for wheat has been taken from the Agricultural 
Statistics of Pakistan (EW, 1991), published by the Ministry of Food and 
Agriculture. Residue-to-crop ratio and the dry matter fraction data have been 

PAKISTAN 

Water Management 
Regime 

Harvested 
Area, mha 

Emission 
Factor, kg/ha 

CH4 
Emissions 

Gg 
NOA WOA 

Total CH4 Emissions 526 
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provided by the National Agricultural Research Center (NARC) in Islamabad, 
based on field experiments on wheat. The estimate of the fraction of carbon 
burned in fields has been provided by the Ministry of Food and Agriculture. The 
values of fraction oxidized, carbon fraction of residue, and nitrogen-carbon ration 
are default values provided in IPCC (1995b) The values used for emissions rations 
for CH4, CO, N2O and NOx are also default values taken from the same source. 

Methane Emissions from Domestic Livestock 

Total methane emissions from enteric fermentation in domestic livestock 
amounted to 1,617 Gg based on an average of the livestock population in 1986 
and 1990. Buffaloes contributed 801 Gg, nearly 50 percent of the total emissions 
from livestock enteric fermentation. Cattle accounted for 31 percent, with dairy 
cattle and non-dairy cattle contributing 312 Gg and 202 Gg, respectively. Goats 
accounted for over 9 percent, producing 150 Gg. Other animals, i.e., sheep, 
camels, mules and horses accounted for the remaining methane emitted from 
domestic livestock. 

Methane is also emitted from manure management in intensive livestock 
production systems. Livestock manure is primarily composed of organic 
material, and when this organic material decomposes anaerobically, methane is 
produced. The amount of manure produced is dependent on the type, size, and 
weight of the animal, along with the quantity and quality of food. 

Livestock produce about 314 million tonnes of manure per year in Pakistan. 
However, since livestock production is almost entirely carried out on an 
extensive scale, the manure does not decompose in anaerobic conditions. A 
small percentage of the livestock is herded intensively for a brief period in the 
winter, but the resulting emissions are not large. On the whole, in Pakistan, no 
significant methane emissions arise from manure management; consequently, 
methane emissions from manure management are omitted from this inventory. 

Methane Emissions from Rice F ields 

In Pakistan, rice fields are kept inundated for the entire duration of the 
growing season. Methane emissions from rice cultivation totaled 526 Gg during 
1989-1990. In the preceding decade, the area growing rice in Pakistan has 
remained at approximately 2 mha and projections indicate that there is no 
likelihood of a significant change in the cultivated area in the near future. As 
such, under the prevailing system of rice production management, i.e., 
continuously flooded, methane emissions from rice paddies may stay more or 
less constant in the coming years. 

GHGs Emissions from F ield Burning of Agricultural Residue 

In Pakistan, the only agricultural residue that is burned in the field is that 
from combine-harvested wheat, estimated at 4 - 5 percent of the total wheat 
produced in Pakistan, CH4 emissions from field burning of agricultural residue 
were a little over 2 Gg, CO emissions almost 55 Gg, N2O emissions less than 1
Gg, and NOx emissions almost 2 Gg during 1989-1990. Field burning of 
agricultural residues other than wheat is negligible and, therefore, not included 
in this inventory. 
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TABLE 5-3 
SUMMARY OF GHGs EMISSIONS 

FROM AGRICULTURE AND 

LIVESTOCK, 1989-1990 

5.2.4 BASELINE SCENARIO 

PROJECTION OF SECTORAL 

GHGs INVENTORY TO 2020 

5.2.5 LIMITATIONS OF THE GHGs 
INVENTORY DATA 
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Enteric Fermentation 0 1,617.4 0 0 0 0 

Rice Cultivation 0 526.0 0 0 0 0 

NA NA NA NA NA NA Prescribed Burning of 
Savannas 

Source:   HBP (1998) 

Factors that are likely to determine future emissions from agriculture 
include growth in the population of livestock and the area over which rice is 
cultivated. While estimates of livestock population growth were prepared using 
historical growth rates, the area under cultivation of rice is expected to stabilize 
around the current level of 2.1 mha. The primary reason for this is the shortage 
of irrigation water. In the absence of a notable change in the provision of 
irrigation facilities, the area under rice cannot be expected to register substantial 
increases. As rice is an important cash crop as well as a food crop, area under 
cultivation is not expected to fall significantly either in the next two decades at 
least. Future increases in crop output are expected to accrue from productivity 
increases and increase in yield per hectare, rather than increase in area sown. 

Methane Emissions from Domestic Livestock 

According to the projections developed at the Ministry of Food, Agriculture 
and Livestock, the livestock population in the country will double in the next 25 
years. In view of this projected growth and the increase in methane emissions it 
will effect, local emissions factors need to be developed for use in future GHGs 
inventory updates. 

A detailed methodology for calculating methane emissions from enteric 
fermentation (the Tier II Approach) has been outlined in IPCC (1995c). It was 
not used in this inventory because it requires region-specific data on livestock 
characteristics and manure management practices, which are currently not 
available. Moreover, in Tier II calculations, it is not possible to use the Tier I 
default values since manure management practices and livestock characteristics 
vary from country to country. The Tier II methodology should be used in future 
inventory updates when the required data become available. 

Methane Emissions from Rice Cultivation 

Local emissions factors need to be developed for improving the GHGs 
inventory for methane emissions from rice paddies. At present, no significant 
studies for this purpose have been initiated or planned in Pakistan. 

PAKISTAN 

CO2, 
Gg CH4, Gg 

N2O, 
Gg 

NOx, 
Gg 

CO2 

Gg Gg 
NMVOCs, 

Manure  Management NA NA NA NA NA NA 

Agricultural Soils NA NA NA NA NA NA 

Field Burning of 
Agricultural Residues 0 2.6 0.05 1.9 54.5 0 

Total  0 2,146.0 0.05 1.9 54.5 0
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GHGs Emissions from Field Burning of Agricultural Residue 

The IPCC (1995b) recommended default values that have been used as the 
value of the fraction oxidized, carbon fraction of residue, nitrogen-carbon ratio, 
and emissions ratio may be considered reliable. As such, no additional effort is 
needed to improve the reliability of these estimates. 

The proportion of combine-harvested wheat is likely to increase in the future 
because of a growing shortage of labor for manual harvesting. Since this will affect 
the level of GHGs emissions from the field burning of agriculture residues, surveys 
to obtain reliable data need to be carried out at regular intervals. 

In the livestock and agriculture sectors, methane was the only significant 
GHGs emitted. Of the total 2,689 Gg of methane emitted from all sectors during 
1989-1990, 2,146 Gg, or almost 80 percent, was emitted by these sectors. In this 
total, enteric fermentation in domestic livestock contributed 1,617 Gg, while rice 
paddies emitted 526 Gg. 

The primary strength of the completed GHGs inventory for these sectors is 
that actual activity data has been used in making the calculations. In the case of 
methane emissions from domestic livestock, actual figures for the livestock 
population were used. Similarly, the value of harvested area needed to calculate 
methane emissions from rice cultivation was the average of data for three years 
from 1988 to 1991, obtained from secondary sources. Likewise, GHGs emissions 
from field burning of agricultural residue were calculated using the annual 
production figures for wheat, residue-to-crop ratio and dry matter fraction data 
from relevant research institutions in Pakistan, i.e., the NARC in Islamabad. 

However, the GHGs inventory for these sectors also has certain 
limitations. It uses default emissions factors for the Indian subcontinent 
provided in IPCC (1995b). Also, because of the absence of region-specific data 
on livestock characteristics, the detailed methodology described in IPCC 
(1995c) was not used to calculate emissions from enteric fermentation in 
domestic livestock. Research institutions such as the Animal Nutrition Institute 
(ANI), a division of NARC, could be entrusted with the task of developing 
country-specific emissions factors for methane emissions from livestock in 
future. 

Future inventories of methane emissions from rice paddies can be 
improved by enhancing the research capacity of relevant research institutes in 
the country. Alternatively, or in addition, the agency responsible for 
coordinating updates of the national GHGs inventory could establish 
institutional links with relevant research bodies in other countries to access 
results of ongoing studies on methane emissions from rice cultivation. For 
instance, a project on methane emissions from flooded rice in PRC, Indonesia 
and Philippines is currently being implemented by the International Rice 
Research Institute CIRRI), Philippines. Preliminary emissions estimates from this 
project indicate that actual emissions from rice cultivation may be substantially 
lower than those suggested in IPCC (1995b). Moreover, specific information on 
the rate of emissions from the primary commercial rice varieties in Pakistan is 
not available, so the methane emissions estimates in this inventory may not 
account for any varietal differences that exist. Collaboration with IRRI would 
assist in identifying these differences. Similar studies on methane emissions from 
rice grown under various ecological conditions have been initiated in India; 
these may provide methane emissions data relevant to Pakistan. 
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5.3.1   MITIGATION OPTIONS 
ASSESSMENT METHODOLOGY 
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AGRICULTURE SECTOR 
ASSESSMENT 

Since agriculture and livestock are the most important sources of methane 
emissions in Pakistan, it would pay to invest in creating or strengthening the 
research capacity at institutes within the country, such as the National Institute 
for Biotechnology and Genetic Engineering (NIBGE), Faisalabad, and the 
NARC, Islamabad. With the necessary technical expertise, human resources, and 
finances, the scope of currently planned research could be extended to 
development of local emissions factors for emissions from domestic livestock 
and rice paddies. Emissions from field burning of agricultural residue are 
relatively low at present; therefore, extensive research is not required for 
emissions from this activity. 

organizational mandate to maintain it, analysis of new data and changes in 
sectoral trends in agriculture and livestock should remain the responsibility of 
sector specialists and the research institutes identified above. 

Although the GHGs inventory will be updated by a single agency with the 

The success of the abatement policy in any sector ultimately depends on 
the responsiveness of the consumers targeted. In the agricultural sector, the 
abatement options developed involve modification of certain traditional 
methods of farming and livestock rearing, among small farmers in particular. 
This section of society has traditionally been resistant to sudden change. As 
such, abatement policies for the agricultural sector have to be very carefully 
designed and implemented, as their success depends on the adaptation of 
centuries-old modes of production and practices. 

According to estimates in the agricultural censuses, approximately 47 percent 
of the farms in Pakistan are classified as small farms (landholdings comprising less 
than 12 ha). Data on average farm size show that the bulk of small farms, 
particularly those under the size of 12 ha, are owner-operated. Since subsistence 
farming is widely prevalent in the country, a large part of the farming community 
is vulnerable to shocks such as crop failures and has a low risk-taking capacity. 
Incomes in the sector are highly variable, and the major form of security is the 
limited livestock holdings that can be maintained. Mitigation options developed 
for the sector are thus likely to be complicated to implement. 

Options were developed in the sector with a view that, at the very least, 
their implementation should not cause a loss of productivity or revenue for the 
farmers. Social acceptance of the options is imperative for the strategy to 
succeed, and the target group must be convinced of their viability if any change 
in modes of production is to be effected. The practices involved must be as 
simple to adopt as possible, and should be consistent with the work schedule of 
the farmers. 

livestock and from rice paddy fields. Their implementation would be coupled 
with the launching of an awareness campaign to convey their rationale. The 
existing agricultural extension services will have to be used for this purpose, in 
addition to NGOs and other community based organizations working in the 
rural areas. 

The Economic Survey of Pakistan (EAW, 1997) and the Agricultural 
Statistics of Pakistan (EW, 1995) are two of the key sources of data on 
agriculture in the country. Statistics on area under rice cultivation, production of 
major crops, livestock population, milk production, etc., were all obtained from 
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these publications. With regard to emissions from rice paddies, it was assumed 
that area under rice cultivation would not increase substantially in the future as 
no major expansion in irrigation facilities is expected. The season length given in 
Table 5-7 of the IPCC guidelines was found valid for Pakistan and was therefore 
used. Data on mean daily temperatures were taken from the Pakistan Statistical 
Yearbook (FBS, 1994). In the improved feed for livestock option, it was assumed 
that the use of the feed supplement would be confined to buffaloes in milk and 
dairy cattle. (These are the main milk producing animals in the country, and 
farmers are more likely to invest in better feed for buffaloes and dairy cows than 
for other livestock.) Data on the proportion of animals in milk and average milk 
production was obtained from the Agricultural Statistics of Pakistan (EW, 1995). 

The mitigation options developed in the agriculture sector are briefly 
discussed below. Table 5-4 summarizes their main features. 

Methane emission 150.3 kg per Data on increase Farms in rice growing 
reduction through water hectare in crop yield not areas of southern 
management in rice available Punjab and Sindh 
paddy fields 

Introduction of improved 17 kg per buffalo 10% increase in Livestock holders, 
feed in the form of MNB per year milk production mainly subsistence 

farmers all over the 
country 

5.3.2 SUMMARY OF MITIGATION 
OPPORTUNITIES 

TABLE 5-4 
MITIGATION OPTIONS IN RICE 

PRODUCTION AND LIVESTOCK 

REARING AND FEATURES 

Improved Animal Feed Technology 

Enteric fermentation occurs in livestock when they cannot digest their food 
properly. Emissions from this source can thus be reduced through a strategy to 
improve the digestibility of livestock feed. This can be done by introducing a 
feed supplement such as multi-nutrient feed blocks (MNB). Use of such feed 
supplements is expected to reduce CH4 emissions by an average of 23 percent 
per animal. 

However, changing the age-old traditional roughage based livestock 
feeding system will not be possible overnight. Moreover, the farmer is not likely 
to be concerned with the climate change effects of enteric fermentation in 
livestock. One way to approach the issue is therefore to emphasize the 
increased milk production that is likely to result when cattle feed is 
supplemented by MNB. Studies in India have shown that the use of MNB can 
result in up to 10 percent higher rates of milk production, while at the same time 
increasing the average lactations in the life of the animal from five to seven. 
MNB feeding from early life matures the animal early (in 44 instead of 48 
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months), reduces calving interval (16 instead of 21 months) and increases the 
number of days in milk (244 instead of 181 days). 

In implementing this option an effective awareness campaign would also be 
required to educate farmers about the uses of MNB and encourage them to use it. 
The use of the supplement is therefore expected to grow slowly but steadily. 

Abatement of Methane Emissions from Flooded Rice Fields 

The rice crop is grown over an area of 2.1 mha, or 210,000 km2, under 
totally flooded conditions. Anaerobic decomposition of organic material in 
flooded rice fields produces CH4, which escapes to the atmosphere primarily by 
diffusive transport through the aerenchymatic system of rice plants during the 
growing season. Of the various mitigation options considered for the abatement 
of CH4 emissions from rice fields, water management was decided upon as the 
best option, in view of its abatement potential and relative ease of 
implementation. 

Midseason drainage, which leads to soil aeration for 2 to 3 days, can reduce 
CH4 emissions substantially, without affecting paddy yield. When draining the 
fields, the critical stages of crop growth will have to be avoided. The availability 
of water for re-flooding will also have to be ensured. The practice will be easier 
to manage where farmers have access to tubewells. In areas where rainfall is 
high, full control over drainage may not be possible. 

reduction in total emissions (in terms of CO2 -equivalent) of up to 40 percent. 
Thus, total CO2 -equivalent abated over a period of 20 years is expected to be 
close to 93 million tonnes. Water management in paddy fields is expected to 
reduce input costs for the farmer in the form of reduced water use. However, it 
is difficult to estimate the extent of the saving, as accurate data on water use and 
the water tariffs paid are hard to obtain. 

Criteria for Assessment 

The institution of water management practices can be expected to effect a 

The two mitigation options that were eventually considered feasible for 
implementation in the sector include the option of introducing improved feed in 
the form of MNB for livestock, and improved water management in rice paddy 
fields. The options were assessed using a variety of criteria. The most important 
criterion considered was the emissions reduction potential of the option, 
measured as tonnes of CO2 abated over the period 1991 - 2020. Other criteria 
considered included economic variables such as the incremental cost of 
methane emissions reduction. 

billion kg of CO2 -equivalent for the MNB option, and 92.8 billion kg of CO2 - 
equivalent for water management in rice paddies. The incremental cost of 
methane emissions reduction was estimated at $45.9 per tonne of carbon for 
MNB, making this one of the most attractive options as it would lead to a saving 
of $45.9 on each tonne of carbon abated. For rice paddies, the incremental cost 
was estimated at $0.02/tonne CO2. 

The emissions reduction potential of the two options was estimated at 26.1 
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Assessment of Investment Costs and Impact on Yield 

The investment for MNB comprised the cost of setting up 1,088 plants 
manufacturing the improved feed over the next 20 years. At $0.2 million per 
plant, the NPV of future investments was assessed to be $161.9 million in 2001. 
For rice paddies, the investment cost comprised the cost of setting up research 
and demonstration facilities to assess the extent of methane emissions from rice 
paddies and devise suitable abatement measures. The cost of setting up such 
facilities was assessed at $3.8 million. 

The effect of the improved feed on milk production is known to be an 
increase in milk yield in the range of 10 percent. However, the effect of water 
management measures on rice yields cannot be accurately assessed due to 
paucity of the required data; the amount of water used to flood the fields and the 
water charges paid vary widely across regions and the information available is 
sketchy. 

$1 .8/ha NA NA 1,912 kg/ha in NA 
1996-1 997 

$230,000 per Feed cost of NA Annual milk Annual milk 
MNB plant $0.5 per day production per production 

per buffalo buffalo 1.4 per buffalo 
tonnes 1.5 tonnes 

NA     Data are not available 
Source:   Derived from spreadsheet models developed for agriculture sector options. 

Cost Effectiveness of Options 

At up to 150.3 kg per hectare, the emissions reduction potential is 
considerably higher for water management in rice paddy fields than for the MNB 
option. However, the incremental cost of water management is relatively higher 
because of the required investment in research and information dissemination. 

150.3 kg per $/tonne cost = 0.02 $ 0.01 million 
hectare 

17 kg per buffalo 
per year 

$/tonne cost = -45.9 $ 70.6 million 

Source: Derived from spreadsheet models developed for agriculture sector options. 
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Production 
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Incremental 

Yield, 
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Agriculture 

Livestock 

Methane 
Emissions 
Avoided 

Cost of Methane Emissions Reduction ($/kg) 
= (Incremental Cost of Practice/ha)/(kg of 

Methane Emissions Avoided/ha) OR 
(Incremental Cost of 

Practice/Animal/Year)/(Methane Emissions 
Avoided/Animal-Year) 

NPV of Benefits/kg of 
Methane Avoided = 

(NPV of Incremental 
Yield/ha)/(kg of Methane 

Avoided/ha) 

Agriculture 

Livestock 
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The baseline and least-cost abatement scenarios were defined using simple 
spreadsheets, and incorporating certain assumptions to project growth rates and 
estimated costs, etc., at each step. For both options, the emphasis was on the 
estimation of certain key variables such as the NPV of investment, the cost per 
tonne of CO2 -equivalent, and levelized annual costs. In case of MNB, the 
projections prepared included growth rates of population of livestock, estimates 
of emissions reductions, benefits in the form of increased milk production and 
reduced cost of feed. For rice paddy fields, no economic benefits in the form of 
increased yield, for example, could be estimated, as required data were not 
available. The option was therefore developed concentrating on data on 
emissions reduction per ha and the estimated costs of investing in a research 
and dissemination program. 

The key assumptions employed in the development of scenarios did not 
differ significantly in the baseline and the mitigation case. 

For the MNB option, the baseline scenario assumptions were developed 
looking at trends in livestock data. Since buffaloes are the most important milk- 
producing animals, and commercial milk production depends mostly on the 
breeding and productivity of buffaloes, this group, along with dairy cattle, was 
designated as the target group to which the improved feed would be made 
available. 

The population of buffaloes, which was 17.8 million in 1991, was estimated 
to grow to 36.7 million by 2020, given a historical growth rate which has 
remained roughly constant at 2.5 percent. The population of cattle was likewise 
projected to grow to 18.2 million by 2020 based on historical growth rates. 

The number of buffaloes or cattle in milk at any time had to be extrapolated 
based on data from the Agricultural Census (EAD, 1990). This number had 
historically remained fairly constant at 36 percent of the total population for 
buffaloes, and 46 percent for cattle. Thus, the same figure was used on the 
projected population to estimate the number of animals in milk at any time. 

Methane emissions per buffalo per year were calculated in the inventory at 
55 kg of methane. The use of MNB is expected to reduce this emissions level by 
23 percent. The increase in milk production per buffalo is expected to average 
10 percent. The feed cost is expected to drop by 15 percent when the use of 
MNB begins. Overall, the feed cost per dairy cow was assumed 5 percent lower 
than the feed cost per dairy buffalo. 

One MNB plant, set up at an estimated cost of $230,000, is expected to cater 
to a target population of roughly 10,000 animals. The number of plants to be set 
up over the next 20 years is expected to reach 1,088. 

For rice paddies, the key assumption was that area under cultivation of rice 
would not vary significantly from the 2.1 mha mark, given the scarcity of 
irrigation water. The annual average methane emissions from rice fields was 
therefore taken to be constant over the period under consideration. Overall, 
water management measures are expected to bring about a 40 percent 
reduction in methane emissions. 
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SECTION 5 AGRICULTURE SECTOR 
ASSESSMENT 

TABLE 5-7 
SCENARIO  ASSUMPTIONS1

GDP, base year constant $ billion 46.5 75.6 135.4 242.5 

Industrial GDP, percent 17.9 18.1 22.6 31.1 

Services GDP, percent 52.9 54.0 54.0 50.3 

Agriculture GDP, percent 25.9 23.8 18.8 14.7 

30.5 33.9 36.6 40.4 Urban Population as percentage of total 
population 

For the MNB option, total methane emissions levels in the baseline case 
were estimated for all animals using the emissions coefficients calculated for the 
inventory. Milk production was tabulated using data on annual tonnes of milk 
production per buffalo and per cow as given in the Agricultural Statistics of 
Pakistan. Beyond 1996, production was assumed to stabilize at 1 tonne per 
animal per year for cows and 2 tonnes per animal per year for buffaloes. Total 
milk production from cows and buffaloes was estimated to rise from 23 million 
tonnes in 1996 to just over 35 million tonnes by 2020. 

The other area where monetary benefits are likely to accrue is the expected 
reduction in feed cost once MNB replaces traditional nutrients like seed cakes. 
The average cost of feed per buffalo was estimated at $0.6 per animal per day in 
1996, while that for cows was assumed to be 5 percent lower. The total cost of 
feeding the entire population of cows and buffaloes in milk was expected to rise 
from $9.4 million in 1996 to $21.2 million in 2020. 

2.1 mha each year, and methane emissions levels were calculated accordingly. 
For rice paddy fields, the area planted in the baseline scenario was fixed at 

As mentioned earlier, for the MNB option, the target population was the 
number of buffaloes and cows in milk in any given year. Based on historical 
growth rates, this number was estimated to grow from 6.5 million in 1991 to 13.5 
million by 2020 for buffaloes, while the population of dairy cattle was projected 
to be relatively stable, increasing only from 8.2 to 8.4 million. The mitigation 
scenario is based on the premise that the improved feed will be administered to 
1 million dairy cattle and 1 million milk producing buffaloes in the first year of 
implementation, i.e., 2001. Thereafter, the proportion of milk animals on MNB 
will steadily increase until the entire population of milk producing cattle and 
buffaloes will be on improved feed by the year 2020. 

the animals on improved feed. Methane emissions levels from dairy cattle and 
buffaloes were thus estimated at 23 percent below baseline scenario levels in the 
mitigation scenario. The overall emissions reduction potential in the abatement 
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Average methane reduction per year was assumed to be 23 percent less for 

5.4.3 BASELINE  SCENARIO 

5.4.4 MITIGATION  SCENARIO 

1 Data on CO2 emissions intensity per GDP 
and per capita are not included here as the 
model is in the process of being developed. 
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Scenario Assumptions 
Base 
Year 
1991 

2000 2010 2020 

Population, million 115.7 146.6 185.1 222.4 

Estimated Share of the Informal Sector in 
the Economy, percent of GDP) - - - - 

GDP per capita, base year constant $ 401.9 516.0 731.4 1,090.4 

Discount Rate 8% 8% 8% 8% 
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AGRICULTURE SECTOR 
ASSESSMENT 

scenario was thus estimated at 26.1 million tonnes of C02 -equivalent by the year 
2020. Milk production for the target animals was estimated to be 10 percent 
higher than in the base case. The net increase in the value of milk production 
was estimated at $112 million in 2001, and was expected to increase to up to 
$955 million by 2020. Similarly, net savings in feed costs were expected to rise 
from $0.2 million in 2001 to $1.6 million by 2020. 

of water management techniques was expected to be about 40 percent. 
For rice paddies, the magnitude of methane reduction through application 

Enteric fermentation in livestock and anaerobic decomposition in rice paddy 
fields are considered the primary sources of CH4 emissions in the country. The 
abatement strategy for the agriculture sector would focus on these two areas. 

Enteric fermentation from livestock is the single largest source of CH4 
emissions in the country, contributing 60 percent of total CH4 emissions. The 
emissions reduction potential per animal is substantial; improved feed, mainly in 
the form of multi-nutrient feed blocks that are easily digestible, can reduce 
production of the gas by as much as 23 percent for every animal. MNB has the 
added advantage of being a catalyst for increasing milk production per animal 
by up to 10 percent. This latter characteristic is particularly important in view of 
the low level of concern for climate change issues in the rural areas, where 
attempts to introduce these concepts are not likely to have much utility. Thus, 
for the average livestock holder, the change in feed composition must result in 
increased productivity for the strategy to be successful. 

The mitigation measures to be taken with reference to this area include 
establishment of a series of MNB manufacturing facilities, spread out across all 
the provinces. In the initial phases, the product could be disseminated through 
NGOs and agricultural extension services. Thls would be coupled with an 
intensive marketing strategy that would serve to popularize use of the feed 
supplement outside the demonstration areas also. Some MNB manufacturing 
units are already operating in the country, but their outreach program is not 
strong enough to ensure widespread dissemination of the new feed. Institutes 
such as the Animal Nutrition Institute in Islamabad could coordinate these 
activities. 

The other major source of CH4 emissions in the country is anaerobic 
decomposition in rice paddy fields. The strategy for GHGs abatement with 
respect to this component would be more research and development oriented. 
Data on emissions from rice fields are difficult to obtain and research on issues 
such as the appropriate crop growth stages when midseason aeration will not 
have an adverse effect on yield is sorely needed. Very little work has been done 
in Pakistan in this field, and agricultural scientists in the country have had to rely 
on the findings of scientists in the PRC and India for data on effects of water 
management and other strategies. Pakistan has considerable institutional 
capacity in agricultural research; specialized institutes such as the rice research 
institutes in Punjab and Sindh, and the NARC in Islamabad could be involved in 
overall planning and coordination of the research activities. 

Both the strategies in the agricultural sector will necessarily be long-term 
strategies, as the process of penetrating the rural market is relatively 
cumbersome. For rice paddies in particular, research in anaerobic 
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decomposition processes and selecting the best methods of water management 
would require careful planning. Then, the process must be demonstrably 
effective before it can be advocated as an effective option for abatement. 

Multi-nutrient blocks 26.1 -45.9 

Methane reduction from 92.8 0.02 
rice paddy fields 

Source:   Derived from spreadsheet models developed for agriculture sector options. 

The emissions reduction potential was significantly higher for water 
management in rice paddy fields (92.7 million tonnes) than for the MNB option 
(26.1 million tonnes). However, MNB rated higher with respect to the economic 
returns accruing from the implementation of the option as the improved feed 
has significant effects on milk production. The economic benefits of water 
management in rice fields were hard to quantify, as no appreciable increases in 
yield are likely to result from the use of water management. Internal financial 
rates of return were not calculated for these two options as a stream of benefits 
could not be computed in the case of rice paddies, while costs of using MNB 
were hard to quantify. MNB can be considered more relevant to national 
development plans for agriculture as it ties in with the Government’s efforts to 
improve productivity in agriculture and livestock. 

outreach and awareness program will have to be launched for both before 
effective implementation can commence. The problems are likely to be 
compounded by the fact that both the programs are relevant to a rural economy 
where penetration is historically more difficult. 

The emissions factors used in the computation of emissions from the sector 
were taken from factors developed for South Asia. There is a need for research 
to develop local emissions factors for livestock in particular, to arrive at more 
realistic estimates of GHGs emissions from agriculture. Similarly, more work is 
needed on evolving methods of measuring emissions levels from rice paddy 
fields. Although there has been considerable work in this field in some Asian 
countries, the results of the research should be disseminated to a wider 
audience, and local technicians should be trained to adapt measurement 
technology to country-specific conditions. 

These initiatives would have important implications for emissions reduction 
from the agricultural sector, as well as for enhancing productivity in agriculture. 
Agriculture is the largest sector of the economy and, although the introduction of 
new techniques of production in the sector could be a laborious process, the 
dividends likely to accrue are considerable. 

Socially, both options are relatively hard to implement as a comprehensive 
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GHGs Abatement 
Initiative 
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Tonnes of CO2 -Equivalent 

Cost of Initiative, 
$/Tonne of CO2 - 

equivalent 

Long Term (Beyond 2015) 
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he CERI curve developed for GHGs abatement initiatives in Pakistan is 
shown in Figure 6-1. The segments of the curve correspond to the T successively ranked options presented in Table 6-1. The CERI curve 

for the Pakistan Action Plan for GHGs emissions reduction was developed 
using the Long Range Energy Alternatives Planning (LEAP) model for all 
options in the energy sector and two options from the agriculture and 
livestock sector. For the assessment of the forestry and land use change sector, 
the Comprehensive Mitigation Assessment Process (COMAP) model was used. 
The waste sector option of generating energy from waste has been developed 
using a combination of spreadsheets and the LEAP model. Finally, the rice 
paddies option and the livestock emissions reduction option have been 
developed using spreadsheet models. 

LEAP is a non-optimization model, which integrates energy estimation and 
environment estimation. The model is primarily demand-driven, its calculations 
based on the ‘bottom-up’ or the ‘energy accounting’ philosophy. The demand 
for energy is estimated for all energy consuming subsectors based on the 
relevant macroeconomic variables or other suitable parameters, depending on 
the level of disaggregation of the data available. 

The energy estimation of the model is technology dependent. After the 
demand has been estimated, the transformation program is invoked to meet 
demand-side requirements. The model’s energy calculation for the national level 
proceeds in a logical sequence; all submodules in the transformation operate 
sequentially to balance the input and output of each of the submodules as well 
as the demand side. Next, emissions factors are linked to the end-use activities in 
line with the fuel used to estimate the level of total emissions from the use of the 
fuels. The evaluation program then calculates the costs and benefits of the 
different options based on the prices provided in the model. The model has a 
relatively flexible structure and is not data intensive. 

To construct national level CERI curves for Pakistan, a reference scenario 
was developed leading to the year 2020. Next, for the mitigation or the 
abatement scenario, options were developed for each subsector identified in the 
inventory. Different penetration rates were estimated in the development of the 
options. Another major factor taken into account was the technological status of 
the different options and the cost of the technology being implemented. 
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FIGURE 6-1 
NATIONAL CERI CURVES 
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TABLE  6-1
GHGs OPTIONS RANKED 

ACCORDING TO AVERAGE 

INCREMENTAL COST 

NATIONAL  LEAST-COST 
GHGs  ABATEMENT  STRATEGIES 

-45.9 26.1 26.1 Improved feed for livestock 
(MNB) 

Commercial plantations -23.9 10.0 141.9 

Energy efficient fans -20.7 42.0 220.7 

-1 3.2 128.4 426.5 Reduction in electricity T&D 
losses 

Energy efficient refrigerators -11.2 7.6 439.4 

Riverain forest plantations -10.4 17.0 482.2 

-9.2 2.5 487.0 Energy efficiency improvements 
in water heaters 

-7.6 21.8 581.5 Reforestation in coniferous 
forests 

-5.0 4.4 637.6 

-3.1 26.0 717.3 Enhanced natural regeneration in 
coniferous forests 

Reduction in gas T&D losses -1.4 130.8 849.2 

Agroforestty / Social forestty -0.4 276.4 1,152.9 

0.02 92.8 1,318.7 Methane reduction from rice 
paddy fields 
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Greenhouse Gas Mitigation 
Options 

Average 
Incremental 

GHGs 
Mitigation Cost, 

$/tonne CO2- 
equivalent 

Potential CO2- 
equivalent 

Abated, 
million tonnes 

Cumulative CO2-
equivalent 

Reduced by 
Mitigation 

Options, million 
tonnes 

Cogeneration -27.6 105.8 131.9 

Energy efficient lighting systems -21.9 36.8 178.7 

Energy efficiency improvements -15.2 77.5 298.2 
in tubewells 

Energy efficient motors -12.5 5.3 431.8 

Energy efficient boilers -10.5 25.7 465.1 

Water-to-energy generation -10.3 2.2 484.4 

Energy efficiency improvements -7.8 72.8 559.7 
in tractors 

Improved engine maintenance -5.3 51.6 633.2 

Solar water heaters 

Waste heat recovery systems -4.2 53.7 691.3 

Mini-micro hydel plants -2.1 1.0 718.4 

Plantations on agricultural land -0.6 27.4 876.6 

Forest protection in coniferous -0.2 73.0 1.225.9 
Forest 

Watershed plantation 0.3 63.4 1,382.1 

practices 
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natural  gas 

Solar photovoltaic systems 28.3 0.6 1,842.4 

The use of LEAP for developing the reference and abatement scenarios 
restricted the type of curve that could be developed; the curve developed by the 
model is basically an engineering GHGs mitigation cost curve that presents a 
non-optimized ranking of GHGs mitigation options. Of the two different costs 
that can be used for the incremental cost calculation, economic prices were used 
on the national level. The economic prices of resources were taken as their 
costs. The incremental cost per unit of GHGs emissions mitigated thus 
calculated is based on the economic costs of potential GHGs emissions savings. 

these have a negative incremental GHGs mitigation cost and can therefore be 
considered ‘win-win’ opportunities. Though all GHGs source sectors have 
contributed win-win options, the energy sector has the greatest share. There is 
only one such option from the agriculture and livestock sector, seven (out of the 
nine options considered) are from the forestry sector, and the rest are from the 
energy sector (including the waste-to-energy generation option). 

of energy efficiency and demand-side measures in the entire end-use sector. 
Examples include improvement in appliance efficiencies and demand-side 
measures in industry and transportation. The other major options in this 
category are reduction in T&D losses in the electricity and gas systems, and the 
use of energy from renewable sources. Forestry sector options with negative 
incremental costs include options with high prospective returns, such as 
commercial and riverain plantations, and options with relatively low 
implementation costs, such as ENR and reforestation in conifer forests. The MNB 
option from the agriculture sector also featured as a negative cost option, 
primarily due to the benefits of the associated increase in milk production. 

by all sectors and include methane emissions reduction from rice paddies, 
improvement in vehicle maintenance, wind power generation, watershed 
plantations, etc. Generally, the net positive cost is due to the significantly high 
investment required for the implementation of the option. In the case of 
methane emissions reduction from rice paddies, the benefits that can accrue 
from the option cannot be quantified with the limited data available. The 

A total of thirty-three options were analyzed in detail. About three fourths of 

Options with negative incremental costs in the energy sector mostly comsist 

Options that have a positive incremental cost, again, have been contributed 
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Green house Gas Mitigation 
Options 

Average 
Incremental 

GHGs 
Mitigation Cost, 
4/tonne CO2 
equivalent 

Potential CO2 - 
equivalent 

Abated, 
million  tonnes 

Cumulative CO2 - 
equivalent 

Reduced by 

Options, million 
tonnes 

Substitution of oil & coal with 

23.4 

1.5 

Rangeland management 0.6 80.2 1,462.3 

0.7 1,485.7 Improvements in vehicle 
maintenance 

Wind power generation systems 1.3 1,487.2 

1.9 1,496.9 

2.4 238.3 1,735.2 

9.8 Improvements in building design 

11.6 106.6 1 ,841 .8 Improvements in engine design 

mitigation  
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6.2 NATIONAL  ABATEMENT 
STRATEGY AND GOALS 
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NATIONAL LEAST-COST 

GHGs ABATEMENT STRATEGIES 

improved vehicle maintenance option requires the establishment of workshops 
in scattered areas, as well as training of motor mechanics. Both activities have 
substantial costs associated with them. The watershed plantation option has a 
net positive cost due to the high initial cost per hectare. 

tonne CO2 abated. These are improvement in vehicle engine designs, and the 
photovoltaics option. It should be noted, however, that special applications of 
these options could have much lower or even negative incremental costs. 

Only two of the options identified have an incremental cost above $10 per 

The national abatement strategy is based on the results of the options analysis 
and prioritization exercise. Quantitative indicators for option assessment were 
developed using the LEAP model for the energy sector, COMAP for the forestry 
sector, and spreadsheet analysis for agriculture. A relative evaluation of options was 
then carried out using both quantitative and qualitative criteria, where the latter 
included parameters such as social acceptance, technological and policy barriers and 
the local environmental impact. 

The prioritization exercise was very useful in that it served to provoke 
discussion on the relative merits and demerits of each option within a very 
comprehensive framework of analysis. For the energy sector in particular, the 
prioritization process yielded some unexpected results. For instance, the substitution 
of oil and coal with natural gas, which was a relatively high-cost option, was ranked 
among the top ten in the final hierarchy due to its importance from a national 
development perspective. Similarly, waste-to-energy generation, a low-cost option 
ranked in the top ten under the $ per tonne ranking, was pushed down to the 
eighteenth place in the comprehensive rankings as it was judged to be difficult to 
implement, both socially and institutionally. In the case of the forestry sector, 
plantations on agricultural land, which were a relatively low-cost option, were 
ranked at the bottom, as the option did not rank well on the two primary criteria 
defined for prioritization, i.e., CO2 abated and local environmental impacts. 

the promotion of industrial energy efficiency measures, such as cogeneration, and 
the restructuring of the power sector should take top priority in implementation, 
along with the introduction of energy-efficient household appliances and fuel 
efficiency in vehicles. A national GHGs abatement strategy, however, would require 
the classification of options according to a timeframe specifying when the 
implementation of the option is likely to be complete. In general, options such as the 
reduction of T&D losses in electricity and gas distribution systems, and the 
introduction of energy-efficient appliances in the market should be implemented in 
the short term. Promotion of cogeneration systems in industry and energy efficiency 
improvements in agricultural machinery are examples of options for which 
implementation will extend into the medicum term. While cogeneration would 
require the setting up of a suitable infrastructure for gas supply in particular, options 
relevant to the rural economy are likely to be more difficult to implement because of 
the need to build awareness in rural communities regarding energy efficiency issues. 
Similarly, renewables are likely to be medium-term options, as research and 
development in the sector is still at a fledgling stage in Pakistan. Work on forestry 
and agriculture sector options could possibly be considered for the long-term 
implementation framework. For both of these sectors, implementation of options 
will have to be preceded by extensive outreach, consultation, and awareness-raising 
programs, which will take some time to design and implement. 

The results of the options assessment and the prioritization exercise suggest that 
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The proposed national abatement strategy has been developed in view of the 
following critical considerations: 

(i) In the short term, the focus will be on initiatives that can effect significant 
GHGs abatement in a short timeframe, are financially attractive, and present 
win-win opportunities. In addition, preference will also be given to 
initiatives that can draw upon programs and projects in hand that can 
potentially contribute to the GHGs abatement objectives, and where 
implementable policies have already been formulated. A number of 
initiatives in the energy sector fall in this category. 

(ii) In the medium term, initiatives that can benefit from changes in policy 
framework and be accelerated through capacity building, training, and 
awareness programs will be given preference. Opportunities in this 
category are also mainly limited to the energy sector. 

(iii) The initiatives that will be pursued in the long term will include opportuni- 
ties that require substantial changes in social structures, norms, and 
practices, and where substantial efforts will be entailed in effecting changes 
at the grassroots level. Most of the programs in the agriculture and land use 
change and forestry sectors fall into this category. 

Recommended timeframes for implementation of the proposed initiatives 
are summarized in Table 6-2. The rationale for classification of the initiatives into 
short-, medium-, and long-term categories is discussed below. 

Energy-efficient lighting systems 36.8 -21.9 

Energy-efficient fans 42.0 -20.7 

Reduction in electricity T&D 128.4 -13.2 
losses 

Energy-efficient refrigerators 7.6 -11.2 

Energy-efficient boilers 25.7 -10.5 

Energy efficiency improvements 2.5 -9.2 
in water heaters 

Improved engine maintenance 27.1 -5.3 
practices 

Waste heat recovery systems 53.7 -4.2 

Reduction in gas T&D losses 130.8 -1.4 

Improvements in vehicle 23.4 0.7 
maintenance practices 

Substitution of oil and coal with 238.3 2.4 
natural gas 

Energy-efficient engine designs 106.6 11.6 
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6.3 PROPOSED TIME-LINE FOR 
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COST ABATEMENT STRATEGY 
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Implementation 
Time Frame GHGs Abatement Intiative 

Potential 
Emissions 

Reduction or Sink 
Enchancement, 

million tonnes of 
CO2-equivalent 

Cost of 
Initiative, 

$/tonne CO2- 
equivalent 

Short-Term 
(1997-2005) 
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6.3.1 SHORT TERM 
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Cogeneration 105.8 -27.6 

Energy efficiency improvements 77.5 -1 5.2 
in tubewells 

Energy-efficient motors 5.3 -12.5 

Waste-to-energy generation 2.2 -1 0.3 

Energy efficiency improvements 72.8 -7.8 
in tractors 

Solar water heaters 4.4 -5.0 

Mini- and micro-hydroelectric 1.0 -2.1 

Wind power generation 1.5 1.3 

Improvements in building design 9.8 1.9 

systems 

Solar photovoltaic systems 0.6 28.3 

Improved feed for livestock (MNB) 26.1 -45.9 

Methane reduction in rice paddy 92.8 0.02 
fields 

Agroforestry 276.4 -0.4 

Plantations on agricultural land 27.4 -0.6 

Forest protection in coniferous 73.0 -0.2 
forests 

Enhanced natural regeneration in 26.0 -3.1 
coniferous forests 

Watershed plantations 63.4 0.3 

Reforestation in coniferous 21.8 -7.6 
forests 

Rangeland management 80.2 0.6 

Riverain forest plantations 9.2 -1 0.4 

Commercial plantations 10.0 -23.9 

Opportunities that can yield results in the short term have mainly been 
indentified in the areas of end-use efficiency improvement in the residential and 
commercial sectors, and T&D loss reduction in the energy sector. The total potential 
for abatement in CO2 -equivalent GHGs from these opportunities is 822.9 million 
tonnes by the year 2020, or 45.5 percent of the potential estimated for all sectors. The 
following are the main reasons for selecting these initiatives for implementation in 
the short term: 

PAKISTAN 

Implementation 
Time Frame GHGs Abatement Initiative 

Potential 
Emissions 

Reduction or Sink 
Enhancement, 

million tonnes of 
CO2-equivalent 

Cost of 
Initiative, 

$/tonne CO2- 
equivalent 

Meduum Term 
(2005-2015) 

Long Term 

(beyond 2015) 
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(i) Pakistan is heavily dependent on imported oil and petroleum products for 
its energy requirements. Savings in energy use will provide economic relief 
and make resources available for investment in development projects. 

(ii) The opportunities identified have attractive financial rates of return, and 
sufficient incentives exist for consumers to invest in energy-efficient 
options. 

(iii) The opportunities rely on technologies that have already been tested 
elsewhere. Upgrades of T&D systems are well within the capability of the 

easily undertaken through the simple retooling of manufacturing lines. 
(iv) Consumer acceptance of products will be immediate as most of the 

consumers, as far as these initiatives are concerned, fall in the urban 
middle- and hgh-income groups which respond well to awareness 
programs. These consumers are also in a better position to assess energy 
efficiency information provided on appliance labels. 

local utilities, and local production of energy-efficient appliances can be 

The main barriers to the implementation of these initiatives are institutional 
weakness and lack of supporting policies. The existing utilities are inefficient and 
have not been able to control T&D losses. The utilities are not customer-oriented, 
nor are they organized to undertake demand-side management (DSM) programs to 
assist customers in improving end-use efficiencies. Institutions such as ENERCON 
and the Pakistan Standards Institute (PSI) do not have sufficient capacity or 

programs. Tariff subsidies in certain consumer segments limit the financial 
attractiveness of some of the options. 

capabilities to design and implement appliance standardization and labeling 

Initiatives that can lead to significant GHGs abatement in the medium term 
also relate to the energy sector. These include cogeneration, improvements in 
energy efficiency in industry and agricultural machinery and equipment, and the 
development of renewable sources of energy. The total potential for CO2 - 
equivalent GHGs abatement from these opportunities is 280.8 million tonnes by 
the year 2020, or 15.5 percent of the potential estimated for all sectors. The 
initiatives recommended for medium-term action also offer attractive financial 
rates of return and are desirable from an economic point of view. 

There are some barriers to implementation, however. While the 
technologies involved are currently being used extensively in industrialized 
countries, their use is not as widespread in Pakistan. A certain degree of 
awareness, training, and capacity building will therefore be needed. Examples 
of such initiatives are cogeneration and the use of energy-efficient motors in the 
industry sector. The initial capital requirements for such investments can be 
quite significant. In cash-short economies, this will limit the extent to which such 
initiatives can be implemented. The priority of local industry is to invest first in 
production and then in product quality enhancement. 

Work on these initiatives can start immediately. Institutional arrangements 
can be made for awareness creation, training, capacity building, and making 
credit available to potential investors. As in the case of some of the short-term 
initiatives, the impact of these measures will extend over a longer period. 

Initiatives recommended for action in the long term are mainly in the 
forestry and agriculture sectors. These include initiatives in protection, enhanced 
regeneration, and plantation of forests, and reforestation. In the agriculture 
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sector, reduction of methane emissions from rice paddies and the use of 
improved feed for livestock are included in this category. The total potential for 
CO2-equivalent GHGs abatement from these opportunities is 706 million tonnes 
by the year 2020, or 39.0 percent of the potential estimated for all sectors. 

When compared to the initiatives recommended for the short and medium 
terms, these initiatives do not offer attractive financial rates of return. For 
example, loss of biomass is largely financially driven: lack of resources for 
purchasing alternative commercial fuels is among the primary reasons for the 
increasing demand for biomass. Non-sustainable harvesting of timber is also 
driven by short-term financial gains. Similarly, adopting practices that lead to 
lower methane production from rice paddies does not offer immediate returns 
to the cultivators. 
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ased on the prioritization analysis of potentially feasible GHGs 
mitigation options in Pakistan, specific projects aimed at effecting B quantifiable emissions reduction were explored in greater detail. The 

mitigation projects identified in this manner were selected based on several 
criteria: GHGs mitigation potential; energy consumption, intensity, and savings 
potential; replicability; relevance to national development objectives; and 
suitability to potential investor parameters. Also considered were existing 
ongoing and planned initiatives in each area, so as to minimize duplication and 
focus interest on options that are not currently receiving appropriate attention. 
Finally, several options, such as energy efficiency improvements in specific 
industrial applications (boilers, cogeneration, combustion controls, electric 
motors and drives, etc.) were amalgamated into single umbrella projects 
(industrial energy efficiency investment fund). These projects were combined so 
as to economize on the amount of implementation effort required and to 
provide the necessary flexibility to enable the project to effectively cater to actual 
market needs on a sustainable, long-term basis. 

Only one technical assistance project was developed for application in 
Pakistan. Other options were considered but not investigated further, because of 
adequate parallel efforts involving substantial technical assistance components 
already underway (e.g., fuel efficiency in road transportation) or recently 
completed (the national energy conservation programme). Because the initial 
technical barriers in key mitigation areas have already been overcome to a 
substantial extent, the Pakistani market is considered mature for the next phase 
of developmental support in the form of financial and policy assistance that can 
facilitate broad-scale adoption of mitigation measures. Therefore, other than the 
single technical assistance project summarized in Table 7-1, the remaining 
mitigation projects for Pakistan are investment-oriented, as described in Section 
7.2. 

Reduce energy consumption 
through energy efficiency in 
domestic appliances through 
minimum standards and eco- 
labels on products 

Assist consumers to overcome Project Multilateral 
high capital costs of energy- commencement: 5.0 development 
efficient appliances 1999 banks 

Ensure easy availability of 
energy-efficient appliances in the 
market 

Promote standardization 

7.1 TECHNICAL  ASSISTANCE 
PROJECT 

TABLE 7-1 
SUMMARY OF PRIORITY 

TECHNICAL ASSISTANCE GHGs 
MITIGATION PROJECTS 
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Project Type 

The design and implementation of appliance standardization systems and 
labeling for domestic appliances is a priority technical assistance (TA) project 
proposed for Pakistan. Labeling programs provide information to consumers 
regarding the energy efficiency or performance of products. In this case, the 
domestic appliances being considered include fans, irons, lighting systems, 
refrigerators, air conditioners, washing machines, and gas-fired space and 
water heaters. Similarly, Mandatory Minimum Environment Standards (MMES) 
establish a minimum level of required efficiency among products, based on 
criteria such as the economic impact of the standard on manufacturers and 
consumers of the product, the net savings in operating costs, the total amount 
of projected energy savings, the need for national energy conservation, etc. 
The provision of such information to consumers and the establishment of 
minimum standards are significant steps towards reducing electricity 
consumption in the domestic sector in Pakistan. Research on similar initiatives 
in the United States, Canada, the European Union, and East Asia suggests that 
the provision of such information can significantly increase the sales of 
energy-efficient appliances by 15 percent to 20 percent (Herring, 1992). 

In Pakistan, electricity consumption in the domestic sector is currently 
increasing at the average annual rate of almost 10 percent. This increase is 
primarily a result of the Government electrification program, a high 
population growth rate, an increased propensity for consumption in the 
economy, an increase in the acquisition of appliances in households, and the 
subsidization of electricity for the domestic sector. Cooling fans, refrigerators, 
air conditioners, irons, and pumps account for approximately 80 percent of 
the electricity consumed in the domestic sector. The domestic use of 
refrigerators and room air conditioners has increased dramatically (by 20 
percent and 14 percent annual rates, respectively) over the last decade, and is 
expected to increase by an annual growth rate of 21 percent in the future, 
according to estimates prepared by the Board of Investment. 

Besides the increase in the energy demand from increased use of 
domestic appliances, extra energy is also consumed due to the energy 
inefficiency in domestic appliances currently in use. For instance, 80 percent 
of all room fans produced by the cottage industry are inferior in design and 
fabrication, and are made of substandard materials. These fans consume 50 
percent more energy than the standard quality fans manufactured by larger 
manufacturing units. Fan efficiency is decreased by the use of induction coil 
regulators in place of electronic speed regulators. Electronic speed regulators 
consume 1 watt (W) of power compared to 10 W consumed by induction coil 
regulators. The cost of fans with lower efficiency is approximately 30 to 40 
percent lower than that of improved energy-efficient fans. Likewise, the 
energy efficiency ratio (EER) of air conditioners manufactured in Pakistan is 
approximately 8. This ratio compares unfavorably to the units with an EER of 
12 being manufactured in several countries. 

Because of the increased use of domestic appliances and the subsequent 
increase in energy consumption, the distribution of electricity consumption for 
end uses in the domestic sector is changing significantly. Room air 
conditioners, for instance, now contribute most significantly to the summer 
peak load. Thus, energy efficiency in domestic appliances can effectively 
reduce the gap between the supply and demand of electricity. Energy-efficient 
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units can reduce electricity consumption by 33 percent. The incremental/ 
premium cost of these units, whether refrigerators or fans, is approximately 30 
percent of the standard units. 

So far, the option of replacing existing inefficient appliances with energy- 
efficient ones has not been perceived as a financially attractive one, primarily 
because of the long payback period of four to five years. However, for the 
incremental cost of energy-efficient units acquired as new purchases, or as 
replacements for depreciated units, the simple payback period is 
approximately one year. Significant obstacles to the use of energy-efficient 
appliances include the unattractiveness of capital-intensive options, especially 
in the domestic sector, and the lack of awareness and confidence in the use of 
energy-efficient appliances. In addition, there is a dearth of technical know- 
how and facilities for the manufacture of high-efficiency appliances (especially 
for appliances produced in the cottage industry) and lack of incentives that 
can be ‘captured’ by the consumer and the manufacturer. Finally, the lack of 
codes and standards, and testing facilities for domestic appliances has further 
prevented the development of energy-efficient appliances. 

Energy consumption in the domestic sector was 84,091 terajoules in 1989- 
1990. This consumption contributed significantly to GHGs emissions, through 
the backward linkages of electricity demand with power generation. Over 
5,288 Gg of CO2 was emitted during 1989-1990, primarily from the 
consumption of natural gas, LPG, kerosene oil, and lignite used as coal. 
Negligible quantities of non-CO2 gases, notably CH4, NOx and CO were also 
emitted through fossil fuel combustion in the residential sector. 

Key Objectives of the Project 

The primary objective of this project is to reduce energy consumption by 
tapping the potential for energy efficiency of appliances in the domestic sector 
by establishing minimum standards and mandating ‘eco-labels’ on products. 
These labels would include information on the energy efficiency or 
performance of the product. If successfully implemented, the project will 
achieve a target of 25 percent of the total estimated potential, i.e., 340 GWh 
per year. As is the case with similar energy labeling programs in the United 
States, Canada, and the European Union, consumers are able to compare the 
energy efficiency of similar products. Codes and standards will be designed 
and implemented to suit the local conditions and sectoral trends. 

To promote the standardization, the project will establish testing facilities 
for all appliances, conduct studies, and make recommendations in planning 
and policy matters necessary for its self-sustainability. 

Project Results 

Through the establishment and implementation of minimum energy 
efficiency standards, this project will achieve multiple objectives. These will 
include the reduction of at-source emissions of GHGs through a decrease in the 
consumption of fossil fuels, an increase in energy use efficiency, and a reduction 
in air pollution. It is also likely that the project will contribute to reducing the 
release of ozonedepleting substances. Annual savings at the consumer end for 
fans and refrigerators alone are expected to be 4,460 GWh by the year 2020, 
which will conserve 1.9 million tonnes of residual fuel oil in one year. The 
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savings expected to accrue from the use of efficient water heaters are expected 
to reach the level of 112,400 toe of natural gas by the year 2020. 

According to Duffy (1996), effective implementation is a prerequisite for 
successful efficiency measures and requires careful consideration of technical, 
marketing, bureaucratic, and political factors. The main project risk is the 
hesitation of consumers in paying the higher incremental cost associated with 
opting for an energy-efficient appliance. This risk can be reduced by running 
an aggressive campaign to inform consumers of the savings they can achieve 
in their energy bills, and by proper labeling of the appliances’ efficiency so 
that, at the time of purchase, the consumer can compare the cost with the 
efficiency. Secondly, periodic updates of standards are necessary to realize the 
full benefits of efficiency standards. 

Project Implementation 

The project will be implemented in three years. Supported by the Ministry 
of Environment, it will be implemented through close collaboration of 
government agencies and independent institutions. The government agencies 
involved will be the National Energy Conservation Centre (ENERCON) and the 
Pakistan Standards Institute (PSI), while private institutions will include the 
Associations of appliance manufacturers. The private sector will also participate 
actively in the implementation of the project. It will also be involved in 
formulating the schedule for initial implementation of voluntary and, eventually, 
mandatory product standards. The tentative starting date is 1999. 

Technologies for the production of energy-efficient appliances have been 
tested in a number of countries (see Duffy, 1996; Walker et al., 1992). Once 
successfully introduced and promoted in the country, the changeover to 
energy-efficient appliances will continue on its own, and the market will 
expand steadily as both consumers and manufacturers derive cost benefits. 
Ultimately, market mechanisms will take over, making the option self- 
sustaining. As the cost of electricity increases over time, the attractiveness and 
acceptability of energy-efficient appliances will increase further. 

Estimated Budget 

The estimated cost of this project is $5.0 million. 

Table 7-2 gives a list of priority investment projects for Pakistan. Three 
investment projects including a technical assistance component have been 
identified. The first of the three projects, an investment fund for energy 
efficiency, responds to the high level of GHGs emissions caused by the 
combustion of fossil fuel in industry. An investment fund is proposed with the 
primary objective of providing incentives for industries, in various subsectors of 
involvement, to improve their environmental practices and performance. The 
second project, a wind power project at Pasni in Baluchistan, attempts to 
introduce alternative technologies in renewable resources to facilitate the 
abatement of GHGs emissions in the power sector. The third project, the 
development and dissemination of improved animal feed technology, i.e., MNB, 
was formulated to address the high level of methane emitted from enteric 
fermentation in domestic livestock. 
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To provide financial assistance to 
small- and medium-size assistance agencies, from industry 
enterprises (SMEs) and large- 
scale industry for implementing  governments Cleaner environment 
energy efficiency measures in 
either their planned or existing 
production processes and 
technologies technologies in industry 

To demonstrate the productivity- 
enhancing role of, and the cost- 
effectiveness in implementing 
energy efficiency technology 

To build human resource and 
technical capacity to conduct 
project appraisal and financing, 
using the sustainability criteria 

To diversify financial markets by 
introducing a new debt 
instrument 

In the long term, to promote the 
development of cleaner 
technologies through productivity- 
enhancing and energy-efficient 
industrial technologies 

International financial 

federal and provincial 

Reduction in GHG emissions 

Promote the development of 
sustainable and clean 

Reduce consumption of diesel 
fuel at Ormara Plant 

Expand power supply capacity to 
remote rural areas where grid 
expansion is not feasible 

Promote and demonstrate the resource 
use of sustainable and low-cost 
alternative technologies in 
renewable resources 

Facilitate the transfer of 
technology 

International firm with 
experience in wind power 
generation in collaboration 
with a local experienced 
firm 

International firm with experience 
in wind power generation in 
collaboration with a local 
experienced firm 

Promote the use of an 
environmentally benign renewable 

Obviate the need for thermal 
generation systems in coastal 
areas 

Improve the socioeconomic well- 
being of local communities 

Enable the development of 
harbor facilities, health centers, 
and mechanized drinking water 
facilities-all of which depend on 
electrification 
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Investment Fund for Energy Efficiency 
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Wind Power Project at Pasni 
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Increase livestock productivity Private entrepreneur, Increased income for livestock 
through the use of MNB NGOs experienced in rural farmers 

community development, 
Create awareness among and a government agency 
livestock farmers regarding the responsible for livestock 
benefits of improved feeding on nutrition research and 
milk production development feeding 

Create a market for MNB 

Expand the knowledge of 
livestock farmers regarding the 
benefits of improved livestock 

Assist the Government of 
Pakistan formulate policy and 
strategies for livestock 
development and poverty 
alleviation 

Demonstrate a financially viable 
and sustainable agro-based 
enterprise in the private sector 

Reduce consumption of diesel 
fuel by 10-20 horsepower tube 
wells in the agriculture sector generation in collaboration renewable resource 

Expand power supply capacity 
to remote rural areas where grid 
expansion is not feasible and irrigation farms in remote areas 

Promote and demonstrate the 
use of sustainable and low-cost 
alternative technologies in 
renewable resources drinking water facilities 

Facilitate the transfer of 
technology 

International firm with 
experience in solar power 

with a local firm and a 
government agency 
responsible for agriculture 

Promote the use of an 
environmentally benign 

Obviate the need for diesel-run 
tube wells in medium-sized 

Improve the socioeconomic well- 
being of local communities by 
exploring applications for 

Eliminate the burden of fuel cost 
and substitute the existing 
technology with one that is more 
efficient and has a longer life 

7.2.1 INVESTMENT FUND FOR 
ENERGY EFFICIENCY 

PAGE 160 

Project Type 

This project document proposes the establishment of an investment fund to 
promote energy efficiency and increased productivity in Pakistan’s industrial 
sector. The fund will be used to finance energy efficiency improvements and the 
acquisition of productivity enhancing technology in large- and small-scale 
manufacturing enterprises. The project ties in with the Government’s program to 
encourage the use of energy-efficient and cost-effective technology while 
providing easy access to investment funds for this purpose. 

1997 is estimated to be 18 percent, with large-scale manufacturing accounting 
for 11.8 percent and an annual growth rate of only 2 percent for the period 
1992-1993 to 1996-1997. In view of the lower growth rate, the Government, in 
the national budget for 1997-1998, has announced certain concessions to the 
industrial sector. These include a general reduction in tax rates, as a means to 
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Key Objectives of the Project Potential Investment 
Agency 

Non-Quantifiable Benefits 

AGRICULTURE AND LIVESTOCK 

Dissemination of Improved Animal Feed Technology fro Increased Livestock Productivity 

AGRICULTURE 

Introduction of Solar-powered Water Pumps in the Agriculture Sector 
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boost productivity in industry. The State Bank of Pakistan has also instituted 
measures to increase liquidity in an attempt to boost private investment. 

development is a significant component of the federal Government’s 
development policy and is complemented by equally progressive legislation. 
The Environmental Protection Act of 1997 has particularly established quality 
and environmental standards prescribed by the Environmental Protection 
Agencies for industry and penalties for enterprises not conforming to them.1

Despite vigorous opposition by the Federation of Pakistan Chambers of 
Commerce and Industry (FPCCI), the National Assembly has ratified this Act. 
Once it is implemented, this act will make it mandatory for industry to adopt a 
corporate environmental policy and improve its environmental performance to 
avoid possible penalties. In addition, industry in general and export-oriented 
industrial units in particular are subject to internationally prescribed standards, 
such as the Environmental Management Standards (EMS) established by the 
International Organization for Standardization (ISO). 

The manufacturing sector is the single largest consumer of energy products 
in Pakistan; the growth rate of energy consumption in the sector is estimated at 
over 10 percent. Over the past decade, there has been a gradual shift in the mix 
of fuels used in the sector, with petroleum products now accounting for 27 
percent of fuels consumed, as compared to 17 percent in 1930 (DG-NRER, 
1996). The increase in the consumption of petroleum products, and other liquid, 
solid, and gaseous fossil fuels is expected to result in an increase in GHGs 
emissions. Boilers in textile, fertilizer, and food processing industries, among 
others, account for 35 percent of the total energy consumed in industry. 
Significantly, in order to reduce capital costs, almost 50 percent of the total 
boilers are imported second hand. According to a recent study, out of 
approximately 4,500 boilers currently in use in industry, 3,342 or almost 75 
percent operate at less than 70 percent efficiency. In addition, 1,247 or 28 
percent of the boilers are over 45 years old (ENERCON, 1993). Maintenance 
services are generally inadequate, and boiler technicians are insufficiently 
trained in handling machinery to maximize efficiency. 

Energy inefficiency in industry has resulted in substantial levels of GHGs 
emissions in Pakistan. Accordmg to the Pakistan National GHGs Inventory for 
the year 1989-90, for instance, CO2 emissions from industry accounted for 20,666 
Gg, or over 25 percent of the total amount of CO2 emitted in Pakistan. In 
addition, fossil fuel combustion in the energy-related activities in industry also 
resulted in non-CO2 emissions, i.e., over 135 Gg of CO and 60 Gg of NOx. 
Methane emissions also resulted from commercial wastewater treatment 
processes. 

Key Objectives of the Project 

The revitalization of the industrial sector through sustainable industrial 

This project proposes the establishment of an investment fund to promote 
energy efficiency and increased productivity in Pakistan’s industrial sector. The 
fund will be used to finance energy efficiency improvement projects in large- 
and small-scale manufacturing enterprises through low-cost measures, with 
payback periods of less than one year. Some of the measures identified include 
thermal insulation, the use of high-efficiency boilers and furnaces, installation of 
waste heat recovery systems, and cogeneration. As such, the project assists 
industries in meeting environmental quality standards at both the national and 
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1 Pakistan’s first comprehensive 
environmental legislation was the 
Pakistan Environmental Protection 
Ordinance (PEPO), 1983. This Ordinance 
defined the functions and the powers of 
the Pakistan Environmental Protection 
Agencies (EPAs) and the Federal EPA and 
included the preparation of a national 
environment policy and the formulation 
and implementation of the National 
Environmental Quality Standards (NEQS). 
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the international levels through the design of drop-in innovations and end-of- 
pipe solutions, and the development of cleaner technologies. 

The investment fund will provide an additional source of financing for 
industry, which has historically faced a shortage of investment funds, i.e., long 
term credits at a time when it is facing a credit crunch. At a broader level, 
therefore, the project will place a financial structure to effectively manage and 
allocate national and international funds for use in enhancing sustainable 
industrial development in the private sector. Significantly, the energy efficiency 
criterion of this fund is guided by the short financial payback period of 
investment in energy efficiency. 

The objectives of this project include reduction in the liquidity crunch by 
making investment funds available and the diversification of financial markets 
by introducing new debt instruments. In addition, the project aims to provide 
fmancial assistance to industry for implementing energy efficiency measures in 
their planned or existing production processes and technologies. In addition, 
this will also demonstrate the productivity-enhancing role of, and the cost- 
effectiveness in implementing, energy-efficient technology. In addition, this 
project will build a human resource and technical capacity for conducting 
project appraisal and financing, using the sustainability criteria. In the long term, 
it will promote the development of cleaner technologies through productivity- 
enhancing and energy-efficient industrial technologies. 

Project Results 

This project will build a human resource capacity to conduct project 
appraisals using the sustainability criteria. Furthermore, industry has, until now, 
operated with impunity as far as environmental controls are concerned, 
primarily because of the perception that such controls incur at least a short-term 
financial cost on the firm. In addition, the liquidity constraints in the market 
further discourage investment in energy-efficient measures. The investment fund 
belies such constraints by providing concrete financial incentives for investing in 
more energy-efficient production processes and systems. The establishment of 
this fund will demonstrate the financial incentives in improving energy 
efficiency, through measures such as reduced consumption of inputs, and will 
lead to potential energy savings. For instance, the use of high-efficiency boilers 
and furnaces and the installation of waste heat recovery systems can significantly 
reduce emissions and energy costs. Estimates of energy savings from the 
application of energy efficiency measures alone are estimated to be as high as 
$839 million for commercial fuels (average exchange rate in 1990: $1 = 
Rs.21.45). According to a study [Study on Financial and Legislation Constraints to 
Energy Conservation, Management and Financial Applications (Pvt) Ltd, 
Islamabad, 1991] on financial and legislative constraints, estimated energy 
savings from an investment of $1.17 billion, in constant 1990 $ terms, would be 
approximately $7 billion. 

As the Fund will finance initiatives in technological improvement, it may, in 
the process, evolve innovative approaches to energy conservation and pollution 
abatement, beyond energy efficiency. In particular, the fund may provide 
incentives for industry, or certain sectors with the industry, to develop cleaner 
technologies, establish environmental monitoring and management schemes 
and programs, and integrate environmental concerns in the production process 
and product development stages. 
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Project Implementation 

The implementation of an autonomous investment fund for energy 
efficiency requires the establishment of the following institutional infrastructure, 
which should take approximately ten months to one year to be in place. In 
particular, the Fund requires the establishment of a Sustainable Development 
Fund Board (SDFB), governed by a Board of Directors from the public, private, 
and non-profit sectors. The Board members will be selected based on their 
demonstrated past involvement and experience in project appraisal and 
feasibility analysis, financial management, environmental management, and 
environmental and industrial engineering. In addition, the finances of the Fund 
will be deposited in a commercial bank, complemented by a Financial 
Management Cell (FMC) staffed by financial analysts and accountants. 

The SDFB will also establish detailed guidelines and a process for receiving 
requests and subsequent applications for financial assistance from industry. The 
requisite components of the application process include an environmental audit 
(where an entire industrial unit is being modified), or an Environmental Impact 
Assessment (EIA), in cases where a new unit is being established, and detailed 
information on the energy efficiency desired. The SDFB will also identify 
potential technical experts who can assist a particular industrial unit prepare the 
application and generally assist in the process. 

Estimated Budget 

An investment fund of $50 million will be established incrementally. 
Additional costs associated with this project include overheads for the FMC and 
the services of technical experts in evaluating and monitoring the applications 
received. A detailed budget of these costs has not been prepared. 

Project Type 

The wind power project at Pasni is a priority investment project that aims to 
reduce the level GHGs emissions, particularly CO2 emissions, from thermal 
power generation processes in suitable off-grid locations. It would demonstrate 
the viability of this renewable resource for commercial power generation in the 
country, help meet local economic development objectives, and promote future 
capital investments in increased wind energy capacity. 

MW, of which hydroelectric generation supplies 4,825 MW while thermal power 
generation accounts for the rest. Hydroelectric potential in the country is 
estimated at 27,000 MW, of which only 18 percent has so far been exploited. The 
future development of hydroelectric projects is uncertain, primarily for political 
reasons. Large hydropower projects have potentially damaging socioeconomic 
and environmental effects, mainly arising from the displacement of rural 
populations and flooding of agricultural land, and many projects that were in the 
pipeline have now become controversial. 

In recent decades, the supply of electricity to less-developed areas in 
Pakistan has been accorded high priority. This is despite the fact that economic 
considerations in grid expansion have largely limited an otherwise aggressive 
rural electrification program to areas easily accessible from the national grid. As a 
result of rural electrification, electricity consumption has grown at an annual 

The total electric power generation capacity in Pakistan is presently 12,851 
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average of 9.4 percent from 1973 to 1993, with 380,000 new consumer 
connections each year. This increase in electricity demand is being met largely 
by an increase in thermal power generation. The share of hydroelectric power 
in total electricity supplied has fallen from 46 percent in 1985-1986 to 40 percent 
in 1994-1995, while the corresponding share of thermal power has risen from 52 
to 59 percent. This trend can have significant adverse environmental effects. 

the demand for fossil fuels and result in more efficient transmission and 
distribution efficiencies. As a long term goal, the emphasis is expected to exploit 
the remaining hydroelectric potential, incorporate high-efficiency combined- 
cycle technologies, and harness renewable energy resources. This is in 
conformity with the energy policy of successive federal Governments since 
1993. 

The energy policy provides incentives for private investors to develop 
power generation projects. These incentives include internationally competitive 
terms, a reduction in local currency investment requirements, and a 
simplification of procedures. The Private Power and Infrastructure Board (PPIB) 
was also set up to provide a one-stop operation for the approval of power 
projects, and the Government pledged to encourage a domestic corporate debt- 
securities market to facilitate funding. In addition, investors were also given 
fiscal incentives. Significantly, investors were exempted from the payment of 
corporate income taxes and custom duties on the import of materials, were free 
to repatriate equity and dividends, and were under no obligation to enter into a 
partnership with a local company. WAPDA and KESC, the two main local power 
utilities, will purchase the electricity generated under long-term power purchase 
agreements at an average bulk power tariff of $0.065 per kWh during the first 
ten years of production. This policy has been highly successful in attracting 
private capital for thermal power generation in Pakistan, and a total of 18 
independent power plants are now at various stages of completion. Although 
this energy policy focused primarily on an increase in the supply of 
conventional energy, it also emphasized the exploration of renewable energy 
resources and provided the same incentives to projects in renewable energy 
resources. A new power policy currently being formulated will increase the 
focus on less expensive renewable energy development, particularly 
hydroelectric technology, for meeting the long-term development needs of the 
power sector, now that the immediate energy shortages have been met with the 
more costly thermal option. The development of projects in renewable energy 
resources is particularly desired, as present trends in energy demand and supply 
indicate an increase in reliance on oil and petroleum products and thermal 
power-both of which contribute to GHGs emissions. According to the Pakistan 
National GHGs Inventory for the year 1989-1990, the power sector accounted 
for 16,531 Gg or almost 20 percent of the total CO2 emitted in Pakistan. In terms 
of GHGs emissions from fossil fuel combustion, the percentage share of CO2 
emissions from the power sector was over 26 percent. Fossil fuel combustion in 
the power sector resulted in negligible emissions of non-CO2 gases, i.e., CO, 
NOx, and methane. 

Key Objectives of the Project 

Consequently, in the short term, planners are exploring options that lower 

Wind power presents an opportunity to reduce dependence on imported 
fossil fuels and expand the power supply capacity to remote locations where 
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grid expansion is not practical. Preliminary analysis of wind data in selected 
coastal locations in the Baluchistan province indicates a potential for harvesting 
wind energy, using currently available technologies. In addition, wind power is 
also well suited for rural areas in the province of Sindh and in the Northern 
Areas that are characterized by the presence of scattered, isolated hamlets with 
fewer than fifty households. Dispersed energy systems like wind power plants in 
such areas are a viable alternative to technologically complicated and expensive 
arrangements that may be needed to extend the network of the conventional 
utility grid. 

A wind power generation project, if successfully operated, would have 
significant demonstration effects. If the project can be replicated in other suitable 
locations, it can have a significant impact on electricity supply patterns in the 
country. The main objectives of setting up an experimental wind power 
generation station in Pakistan include the promotion of the use of 
environmentally sustainable technologies and low-cost technologies. This factor 
is particularly important, given the financial constraints currently faced by public 
utilities and leading private power investors, who, it is hoped would be 
persuaded to explore more innovative, non-conventional means of expanding 
their networks. In addition, this project aims to facilitate a transfer of technology 
and skills. At present, local engineering firms are not familiar with the requisite 
skills to design and operate such systems. 

Project Results 

The wind power generating system with a capacity of approximately 15 
MW will be constructed near the town of Pasni in the province of Baluchistan or 
any other nearby area where wind speeds are sufficiently high. The wind farm 
will be integrated with the existing diesel power generators in an arrangement 
that will enable the diesel generators to be used as a back-up supply when wind 
power generation is low. The project will directly reduce the consumption of 
diesel fuel at the existing power plant by approximately 13,205 tonnes per year 
and decrease associated CO2 emissions at a rate of 42,522 tonnes per year, at an 
installed generation capacity of 17 MW. There will be additional savings due to a 
reduction in the cost of transporting diesel fuel to the power plant from Karachi, 
which is over 300 km from Pasni. 

Apart from the reduction in GHGs emissions, the project will result in some 
additional benefits. If the project is successful and can be replicated, it may 
obviate the need for thermal generation systems in coastal areas and other 
suitable locations, thus further helping abate GHGs emissions. Furthermore, the 
project will improve the general quality of life of the local communities by 
ensuring a more regular supply of power, as opposed to the erratic nature of the 
current power supply arrangements. In addition, it may stimulate the local 
economies of the surrounding villages and small towns, in that a regular supply 
of electricity can have a significant impact on the development of harbor 
facilities, i.e., cold storage, processing and packaging equipment, etc. 

This project is a significant step towards investment in alternative 
technologies for Pakistan, especially in areas where power supply services are 
currently not available. In particular, wind power introduces the concept of 
using basic technology, thus reducing operations and maintenance costs. In 
addition, the training of personnel would also be simple and cost-effective, and 
would serve to build an institutional capacity in alternative energy systems. 
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Project Implementation 

A private power company with expertise in wind energy generation 
systems will implement the wind power project, in collaboration with the 
Government of Pakistan and its associated agencies. These are PPIB and 
WAPDA, which are the primary agencies responsible for electricity generation 
and transmission in the country. Prior to the implementation of the project, apart 
from the above implementation agreement, a power purchase agreement and a 
series of financing and investment agreements with non-government financiers 
will need to be signed with WAPDA. These agreements will ensure the financial 
sustainability of the project and encourage its replication in other areas with 
similar energy needs and potential. 

out to determine the project’s sustainability over the long term. Consistent with 
the current Government policy, a minimum tariff based on that of fuel-oil-fired 
thermal plants for the first ten years demonstrates that the project can be 
financially viable with attractive rates of return on investments. However, for the 
demonstration phase, external grant assistance and technology transfer would 
be required to successfully introduce this clean generation source on a 
commercial basis in the country. 

Estimated Budget 

However, a cost-benefit analysis based on tariff rates will need to be carried 

At the prevailing international price of $1,200 per kW, the capital investment 
for the 15 MW wind power project is estimated at $18 million. This project does 
not require initial capital investment, as adequate diesel-generating capacity 
already exists and can cater to back-up needs. However, in a situation with 
expanding power demand, and given the variability of wind power output, the 
project is expected to supplement diesel generation, and, as such, investments 
in an adequate-sized thermal capacity would be called for. The required $18 
million can therefore be considered as the maximum incremental investment, 
with annual incremental savings in fuel and operations and maintenance costs 
averaging $3.4 million. 

Project Type 

The development and dissemination of improved feed technology is a 
priority investment project for the agriculture and livestock sector in Pakistan. 
This project aims to reduce the level of methane emissions from enteric 
fermentation through the use of better quality feed in the form of MNB. 
Domestic or herbivorous animals produce methane from enteric fermentation as 
part of their digestive process. Ruminants, i.e., cattle, buffalo, sheep, goats, and 
camels, produce more methane than the non-ruminants, i.e., horses and 
donkeys, because of their unique digestive system containing a special stomach 
called the rumen, which acts as a fermentation chamber. A lower quality of the 
feed consumed by these livestock types results in increased fermentation and 
high levels of methane. Conversely, high quality of feed results in lower levels of 
enteric fermentation and lowers levels of methane. 

farmers with small land-holdings, tenant farmers, and sharecroppers in rural 
areas. The mixed crop production system is the dominant production system in 
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Pakistan, especially in the barani (rainfed) and the hilly areas. The crops 
cultivated and the animals maintained depend on the terrain and the climate. 
The digestive system of small ruminants depends almost entirely on grazing on 
communal pastures in fallow lands, in crop fields after harvest, along the roads 
and canals, and on tree leaves. Over the years, large herds of buffaloes have 
been raised in suburban areas for fresh milk supplies. 

because livestock holdings can be sold during emergencies such as crop failure, 
and can also be used in meeting special needs like marriage expenses and 
dowry. Finally, livestock complements crop and grain production, is a major 
source of fertilizer and cooking fuel, and is a significant source of power for farm 
operations. While small landholders also own and use hired tractors, the 
majority depend on livestock for their agricultural operations. 

Livestock production contributes 10 percent of the national GDP and about 
38 percent of the agricultural GDP at current cost and is an integral part of the 
rural economy. Livestock contributed 10 percent of the total national exports in 
1995-1996. The value of only one livestock product, milk, was $7.98 billion in 
1995-1996, compared to $3.66 billion for wheat and rice together at current retail 
prices (using the average 1996 exchange rate: $1 = Rs.33.57). 

The only applicable policy, i.e., the Agriculture Package, focuses on animal 
breeding. The Government has followed a non-interventionist policy to 
promote better breeds, and has been providing incentives such as free/ 
subsidized extension services. However, initiatives in improving the quality of 
feed for animals do not appear on the Government’s policy agenda. 

Of the total 2,688 Gg of methane emitted during 1989-1990, 1,617 Gg or 60 
percent was due to enteric fermentation in domestic livestock. As such, enteric 
fermentation is the most significant GHGs emissions source category as far as 
methane emissions are concerned. 

Key Objectives of the project 

Raising livestock is an investment for the landless and small-scale farmers 

The project on the dissemination of improved animal feed technology for 
increased livestock productivity and reduced enteric methane emissions, if 
successfully implemented, would have significant demonstration effect. In 
addition, if the project is replicated in the rural areas of Pakistan, it can have a 
marked impact on livestock productivity and result in reduced enteric methane 
emissions at a national level. The main objectives of the project include the 
creation of awareness among livestock farmers regarding the benefits of 
improved feeding on animal production. In addition, the project will 
demonstrate, through on-farm trials, the benefits of high quality supplemental 
feeding on milk quality and production and calving intervals. In so doing, the 
project aims to create a market for MNB. 

Project Results 

A change from the traditional roughage-based livestock feed is difficult, 
primarily because farmers will not be able to relate to the use of MNB to reduce 
methane emissions. The primary incentive, therefore, remains the benefits 
derived from improved nutrition, i.e., increase in livestock productivity. In 
addition, the use of MNB may also convince farmers to keep fewer animals, if 
the increase in productivity of the animals proves to be significant Thus, 
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improved digestion and fewer animals are expected to lower methane 
emissions by 23 percent per animal, according to estimates developed in India. 
Regular on-farm trial will serve to demonstrate the benefits of the technology 
and develop a market for MNB. To achieve these goals, five MNB manufacturing 
units will be established in the country-one each in the different regions/ 
provinces. These units will be established in collaboration with the private sector 
in small towns, and if possible, in close proximity to sugar and rice mills, for 
easy availability of molasses and rice husk/polishing. The selection of the project 
area will be based on the presence of at least 10,000 milk-producing animals in 
that area, preferably buffaloes. 

Simultaneously, vigorous awareness campaigns on the benefits of using 
MNB as feed supplement will be initiated. The activities in the regions/provinces 
will be technically supported and supervised at the federal level through a 
National Project Coordinator. 

aimed at poverty alleviation, social uplift, and rural development. The benefits 
outlined above, including higher income for the farmers through improved 
animal productivity and promoting rural employment and local agro-based 
industry, directly contribute to meeting these strategic objectives. 

It is difficult to present net benefits of the project in quantitative terms. 
However, due to improved feeding and the use of MNB, milk production can 
increase by 10 percent and the fat content of milk can be increased by 35 
percent. In the short run, GHGs (enteric methane) production will be reduced 
by about 23 percent per animal. Upon completion, the project will provide 
definitive information on the commercial viability of MNB technology. 

Project Implementation 

The Government of Pakistan has established several policies and strategies 

This project is envisaged to run for three years. The first two years will 
constitute the development phase and will focus on the establishment of MNB 
plants, creating awareness among the farmers concerning MNB, demonstration 
of the benefits of MNB as a feed supplement, as well as gathering data on the 
MNB plant as an enterprise. The third and final year of the project will involve 
full development of a market for the MNB. 

Estimated Budget 

The project may be financed jointly by the private sector and the GEF. 
Under this option, the capital cost of $0.043 million (21.3 percent of the total 
cost) will be invested by a private entrepreneur, and the remaining $0.16 million 
by GEF (average exchange rate for 1997-1998: $1 = Rs.44.3). The latter 
comprises funds for developing the project and covers expenditures on 
awareness-raising activities amongst the farmers, demonstration of on-farm trials 
on MNB feeding, and technical support and coordination. Once the plant is fully 
functional, the production cost of 5 kg blocks of MNB is estimated to be $0.54/ 
block. The sale price is proposed to be $0.79/block, leaving a profit margin of 
$0.25/block. At full operational capacity, the plant will produce 1,500 blocks/ 
day. A revolving fund of $67,720 has been included to meet the production 
needs for three months (exchange rate for 1998: $1 = Rs.44.30). 
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Project Type 

The introduction of solar-powered tubewells (turbine pumps used for 
drawing groundwater) in the agriculture sector in Pakistan has been identified as 
a priority measure. Implementation of this technology will directly contribute to 
a reduction in the overall level of GHGs emissions, particularly CO2 emissions, 
from thermal generation processes in suitable off-grid locations. The proposed 
project will entail demonstration of the viability of solar-powered tubewells/ 
water pumps that have a capacity of 10-20 horsepower as substitutes for the 
diesel pumps being used at present. Subject to favorable findings of a feasibility 
phase, funding for a full-scale project will be sought from multilateral and 
bilateral sources. The project will demonstrate the viability of this renewable 
resource and promote future capital investments in increased solar energy 
capacity. 

Agriculture is the mainstay of Pakistan’s economy. The sector uses both 
diesel fuel and electricity for the running of tractors and tubewells. Out of an 
estimated 550,000 agricultural tubewells that are currently installed in the 
country, 120,000 are electric and 430,000 driven by diesel. Their combined 
historical growth rate has kept pace with the overall historical growth rate of the 
agriculture sector, and is approximately 7 percent per annum. 

Consumption figures between 1991 and 1997 for diesel tubewells show that 
they consume an average of around 0.30 million toe of diesel oil per annum, 
which is approximately 5 percent of the total diesel consumed in the country. 
Similarly, the annual electrical energy consumed by tubewells is approximately 
6,215 GWh, which is almost 16 percent of the total electricity consumed in the 
country. An analysis of electricity supply from the national grid also shows that 
transmission and distribution losses-which are 30 percent on average-are 
almost 50 percent for supply to agriculture. 

The results of surveys (Reinemann et. al., 1989) show that average 
efficiencies of diesel tubewells and electric tubewells are 5 - 7 percent and 20 - 
22 percent, respectively (Saqib, Sarwar, 1989). Since tubewells, as well as the 
motors used in the agriculture sector, are mostly acquired from the cottage 
industry, they are inherently inefficient. The desirable energy efficiencies for 
diesel tubewells are in the range of 20 - 25 percent, while for electric tubewells, 
the desirable energy efficiencies are between 40 percent and 45 percent. This 
implies a substantial potential for the mitigation of GHGs emissions as well as 
energy conservation. 

Harnessing of renewable energy resources is an option being actively 
explored in Pakistan to lower the demand for fossil fuels and increase 
transmission and distribution efficiencies. A Power Policy was formulated for the 
private sector in 1994 under which Independent Power Producers (IPPs), with a 
thermal power generating capacity of more than 3,000 MW, were contracted. It 
is expected that this Policy will be revised shortly and the new policy will 
contain appropriate incentives for wind and solar power applications in the 
country. Thus, the ongoing review of the sector for development of strategies 
and policy initiatives to meet the growing energy demand, offers a valuable 
opportunity for introducing renewable energy technologies. 
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Key Objectives of the Project 

Solar power presents an opportunity to reduce dependence on imported 
fossil fuels and expand the power supply capacity to remote locations where 
grid expansion is not practical. In addition, solar-powered tubewells are also 
well suited as replacements for electricity-driven pumps between 10 to 20 
horsepower. Solar power is a viable alternative to technologically complicated 
and expensive arrangements that may be needed to extend the network of the 
conventional utility grid. 

Replacement of diesel-run tubewells with solar-powered tubewells, if 
successfully implemented and operated, would have significant demonstration 
effects. If the project can be replicated in other suitable locations, and also 
displace electricity-driven tubewells, it can have a significant impact on 
electricity supply patterns in the country. Other than irrigation, the application 
can then be extended to include pumping of groundwater for drinking 
purposes in selected areas. 

The main objectives of introducing solar power in the agriculture sector in 
Pakistan include promotion of the use of environmentally sustainable 
technologies and low-cost technologies. This factor is particularly important in 
view of the financial constraints currently faced by public utilities, and the high 
cost of accessing the grid for farmers with medium-sized holdings, who, it is 
hoped, will be persuaded to explore more innovative sources of energy. 

The tubewell pump technology that will be used in the project is based on a 
225-pound (lb) balance-beam weight assembly design. Weights of 225 lb (102 
kg) and 425 lb (193 kg) are used to counterbalance. The system can be designed 
according to size, as per site specifications. The pumping system is powered by 
single crystal PV solar panels rated at 90 W. At present, local engineering firms 
are not familiar with the requisite skills to design and operate such a system. 

Project Results 

In addition, this project aims to facilitate a transfer of technology and skills. 

The balance-beam weight assembly solar pumps with varying pumping 
capacities will be installed at, at least, four locations across the country (one in 
each province) that presently use diesel for running tubewells. Insite selection, 
the focus will be on areas that are not presently connected to the national grid 
and where there are no immediate plans for grid expansion. While selecting 
project beneficiaries, it will be ensured that, in addition to private farmers/ 
operators, a public-sector irrigation or water supply scheme using tubewells is 
also included. The existing diesel power generators will be used as a back-up 
supply when solar power generation is inadequate. The project will directly 
reduce the consumption of diesel fuel at the selected sites and decrease 
associated CO2 emissions. Savings will also accrue from the reduced cost of 
transporting diesel fuel to the various sites. 

additional benefits. If the project is successful, and can be replicated, it may 
obviate the need for thermal generation systems in suitable locations, thus 
further helping abate GHGs emissions. Furthermore, the project will improve 
the general quality of life of the local communities by eliminating the cost of 
fuel, substantially reducing operations and maintenance costs, and ensuring a 
more regular supply of power. 
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This project is a significant step towards investment in alternative 
technologies for Pakistan, especially in areas where power supply services are 
currently not available. In addition, the training of entrepreneurs with small- and 
medrum-sized enterprises, and technical personnel, would also be simple and 
cost-effective, and would serve to build an institutional capacity in alternative 
energy systems. 

Project Implementation 

A private power company with expertise in solar energy systems will 
implement the solar power project, in collaboration with the Government of 
Pakistan and its associated agencies. These are the NARC and the WAPDA. 
While WAPDA is the primary agency responsible for electricity generation and 
transmission, and irrigation schemes in the country, NARC is principally 
responsible for the introduction of new technologies in the agriculture sector. 

The demand for renewable energy is expected to increase as energy tariffs 
rise in the country. Energy tariffs in Pakistan have been increasing at an average 
rate of 6 - 7 percent every year since 1988. In 1994, they were raised by almost 
20 percent and are expected to increase by another 10 - 15 percent every year, 
over the next two to three years. This, together with the fact that subsidies on the 
use of energy in the agriculture sector are gradually being withdrawn, will affect 
the consumption of electricity. Moreover, there is pressure on the Government 
to eliminate subsidies for the agriculture sector altogether, and remove any 
concessions currently placed on diesel fuel. This is bound to increase the cost- 
consciousness of the average farmer. However, a cost-benefit analysis based on 
projected tariff rates will need to be carried out to determine the project’s 
sustainability over the long term. Given the present cost and tariff structure, the 
additional capital outlay for a solar-powered pumping system has a payback 
period of 2.1 years approximately. Over a period of five years, the savings in 
operations and maintenance alone justify the initial capital investment. However, 
for the demonstration phase, external grant assistance and technology transfer 
would be required to successfully introduce this clean generation source on a 
commercial basis in the country. 

Estimated Budget 

The prevailing international price of an 18,000 gallons per hour 
(approximately 82,000 liters/hour) beam-balance weight solar pumping system 
is approximately $30,000. This translates into an estimated capital cost of $6 - 9 
million, depending on the exact number of tubewells, their configuration, and 
the solar power capacity needed. These will be determined during the feasibility 
study phase. Given that existing diesel-generating capacity can cater to back-up 
needs, the required budget can, therefore, be considered the maximum 
incremental investment, with annual incremental savings in fuel and operations 
and maintenance costs in excess of $1.5 million every year. 
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mplementation of the national strategy for GHGs abatement 
presupposes the specification of a policy and regulatory as well as an 
institutional framework. The form and content of the eventual GHGs 

abatement action plan is based on these underlying structures. This section 
lays out the specifications of the supporting framework that should be in place 
to facilitate the structuring and implementation of the national strategy. Again, 
the main areas of intervention will be the energy sector, forestry, and 
agriculture. The discussion that follows will be in the context of these broad 
sectoral divisions. 

The existing as well as desired policy objectives of the Government in 
each sector are the basic raw material for the development of the abatement 
plan. These are discussed with relevance to the sectoral, national, and 
international levels discussed below. Table 8-1 summarizes the sectoral policy 
objectives and mitigation initiatives for Pakistan. 

8.1 POLICY AND 
REGULATORY NEEDS 

TABLE 8-1 
SECTORAL POLICY OBJECTIVES 

AND MITIGATION INITIATIVES 

FOR PAKISTAN Improvement in Fuel savings at national level. Lower fuel-related Lower GHGs 
appliance energy Lower investment in energy emissions in the energy emissions in energy 
efficiencies production, transformation and sector. production, 

transmission  capacity. transformation and 

Savings for individual consumers. 

improvement in energy efficiency 

to net savings of $1936.7 million. 

transmission  systems. 

Targets On an average, 25% Emission standards for 89 million tonnes CO2
fuel-fired appliances by abated by the year 

by the year 2020 corresponding the year 2000. 2020. 

Status No standards or labeling in No emission standards No implementation, as 
existence. formulated for fuel-fired yet. 

appliances. 

Improvement in Fuel savings at national level. Lower ambient Lower GHGs 
building energy Lower investment in energy temperatures in urban emissions in energy 
efficiency production, transformation, and areas through use of production, 

transmission capacity. reflective roof coatings. transformation and 

Savings for individual building 
owners. 

transmission systems. 

Targets About 45% improvement in 9.8 million tonnes CO2
energy efficiency in new and 

2020. 

abated by the year 
2020. existing buildings by the year 

Status Building energy codes and Environmental No implementation, as 
designs guidelines formulated, considerations not a yet. 
but not enforced. part of zoning rules and 

construction regulations. 

Improvement  in Fuel savings at national level. Improvement in urban Lower CO2 NMVOC  
vehicle efficiency Savings for individual consumers. air quality through and NOx emissions. 
through improved reduced emissions. 
engine and vehicle 
maintenance 

Introduction of fuel- 
efficient engines 
and vehicle 
designs 
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Bringing CO, NOx and 157.1 million tonnes 
energy efficiency for all vehicles particulate CO2 abated by the 
by the year 2020. concentrations to year 2020. 

acceptable levels 

Status No clear recognition of potential Vehicle emissions GEF funded vehicle 
for fuel savings in national monitoring being fuel efficiency 
development plans. Vehicle fuel initiated by EPAs. program being 
efficiency standards not implemented. 
formulated. 

investments in quality in industrial and NOx emissions. 
cogeneration and areas through reduced 
equpment energy emissions. 
efficiency 

Implementation About 6% improvement in energy Bringing CO, NOx, and 192.7 million tonnes 
plans/targets efficiency by the year 2020 particulate CO2 abated by the 

corresponding to net savings of concentrations within year 2020. 
$3,592 million limits set by standards. 

Status Critical shortage of investment Plans being prepared No implementation,  as 
funds for productivity for industrial air yet. 
improvements. emissions monitonng 

power T&D losses Lower investment in energy emissions in energy emissions in energy 
production, transformation  and production  and production  and 
transmission  capacity transformation  systems. transformation 

systems 

Implementation 
plans/targets 

Status 

Substitution of oil Lower fuel purchase and Lower SOx and other Lower GHGs 
and coal with transmission costs fuel related emissions. emissions from 
natural gas switching to natural 

Implementation National Power Plan specifies Power sector fuel supply Power sector fuel 
planshargets future thermal capacity to be gas- plans not formulated on supply plans not 

Targets for reduction in T&D 
losses specified in the National 
Power Plan. 

T&D losses continue to increase. 

gas. 

fired combined-cycle plants. Coal- environmental grounds. formulated on climate 
based capacity anticipated after change 
2010 considerations. 

No firm plans as yet for gas Status 

Reduction in Fuel sawngs at national level. Reduction in T&D Significant reduction 
losses in gas T&D losses important for in methane emissions. 

safety of T&D systems. 

Implementation 
planshargets 

status T&D losses continue to increase. Safety of the systems Methane emissions 

Targets for reduction in gas T&D 
losses specified in annual plans. 

can be jeopardized if 
losses continue to 
increase. 

continue to increase. 

PAKISTAN 
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About 12% improvement in 
Targets 

Promotion of Improvement in Air Lower CO2, NMVOC 

Reduction in Fuel Savings at National level Lower-fuel-related Lower GHGs 

imports. 

Transportation 

Industry 

Power Sector 

Gas T&D 
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Efficiency Economic use of inputs in the Lower 
improvements in agriculture sector. Savings for emissions from emissions in the 
tube wells and individual farmers. agricultural activities. energy sector. 
tractors 

Implementation About 50% improvement in No plans for application 150.2 million tonnes 
plans/targets energy efficiency by the year of emission standards CO2 abated by the 

2020 corresponding to net to agncuitural vehicles year 2020. 
savings of $1.8 billion. 

Status No energy efficiency standards or No implementation, as No implementation, as 
codes for tube wells and tractors yet. yet. 
in existence. 

Economic use of water for Reduction in 
methane irrigation. CH4 abated by the 
emissions from year 2020 
rice paddies 

Implementation No plans formulated as yet. Data on practices that 
plans/targets and lead to lower methane 
status release not reliable for 

planning purposes. 

92.8 million tonnes of 

Use of MNB in Improved yield of milk by about Conservation of Reduction in methane 
animal feeds 10%. biomass by replacement emissions from 

with MNB. enteric fermentation 
by 92.8 tonnes by the 
year 2020 

Implementation Switching of 99% of milk 92.8 million tonnes 
plans/targets producing buffalo population to CH4 abated by the

Status 

MNB by the year 2020. 

No plans for introduction of MNB 

year 2020. 

Development of Decentralized availability of Lower fuel-related Lower GHGs 
renewable sources power emissions in the energy emissions in energy 
of energy sector. production, 

transformation and 
transmission systems 

7.5 million tonnes CO2

2020 

Implementation 
plans/targets solar photovoltaic, over 200,000 abated by the year 

60 MW wind capacity, 20 MW 

units of solar water heaters by the 
year 2020. 

Status No coordinated plans for 
development of renewable 
sources of energy at national 
level. 

Energy Sector 

The content and direction of policy in the energy sector is a crucial 
indicator of the country’s commitment to and recognition of the need for an 
abatement plan to mitigate the effects of climate change. The execution of key 
policy decisions in this sector can have a significant effect on GHGs emissions 
levels. Within the energy sector, desired policy initiatives essentially deal with 
the need to evolve a comprehensive policy to promote energy efficiency in 
the country. This includes work in areas as diverse as household appliances 
on the one hand and production processes in industry on the other. 
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With reference to residential energy demand, the policy initiatives 
required relate to the enactment of a policy on improved energy efficiency in 
appliances and on the integration of building energy codes in building 
regulations. Thus, the issuance of a policy statement in this regard would be 
followed by the specification of certain regulations on minimum energy 
standards for appliances. Also included would be the exposition of guidelines 
on energy-efficient buildings for town planning authorities, municipal bodies, 
and associations of architects. The enactment of such a policy ties in well with 
the Government’s declared policy objectives of initiating fuel saving practices 
at the household level, and reducing waste of energy resources. Energy sector 
studies suggest that if the energy demand continues to grow at the currently 
estimated rate of about 7 percent per annum, Pakistan will have to start 
making an annual energy investment of about 6-8 percent of GDP within the 
next decade, as opposed to the historical average of about 4 percent of GDP. 
Energy efficiency measures may serve to reduce the required investment 
levels in energy production, transformation, and transmission capacity, given 
that annual increase in demand in the household sector is estimated to 
average over 10 percent. In addition, the policy would result in some financial 
benefits to consumers in the form of a reduction in expenditure on fuel, 
provided that the demand for the commodity is relatively inelastic. Energy 
efficiency policies have positive externalities with respect to environmental 
issues, as the use of improved equipment and building designs translate into 
lower fuel-related emissions. From a climate change perspective, GHGs 
emissions from energy production, transformation, and transmission systems 
are likely to be lower as demand pressure on these systems decreases. 

in appliances translates, by the year 2020, into net savings of approximately 
$400 million in resource costs alone and results in the abatement of over 52.2 
million tonnes of CO2.1 However, there are currently no policy directives or 
regulations in place with respect to appliance standards. Similarly, a building 
energy code has been formulated but has not been enforced at any level. 

The potential for GHGs abatement in industry is considerable, since 
industrial machinery used in the country is generally substandard. Import of 
used equipment such as industrial boilers is frequent, (imported secondhand 
boilers are estimated to constitute 50 percent of the total number of boilers in 
use), as this serves to reduce capital cost. 

Energy efficiency systems generally have reasonable paybacks for 
industry owners. The financial rates of return are estimated at over 30 percent 
for cogeneration systems and 64 percent for waste heat recovery systems. In 
the current depressed industrial climate in the country, when growth rates in 
the sector are the lowest in two decades, cost cutting measures are particularly 
relevant. However, the shortage of investable funds may prove to be a hurdle 
in plans to popularize the use of improved equipment. This places renewed 
emphasis on the need to explore the possibility of providing credit lines for 
the purpose. Although plans for industrial emissions monitoring are still on the 
drawing board, some facilities 
improved equipment can be recorded in the form of reduction in particulate 
emissions of CO and NOx. 

The policy initiatives in the area would focus not only on the promotion 
of the use of energy-efficient equipment, but also on encouraging the use of 
innovative energy saving approaches, such as cogeneration systems. The 

PAKISTAN 
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establishment of credit lines for the purchase of energy-efficient systems and 
equipment may also be considered. In addition, incentives for import of items 
such as cogeneration and waste heat recovery systems may be considered at 
least in the initial phases. The Government will also be prevailed upon to be 
rigorous with respect to the implementation of end-of-pipe standards already 
specified under the National Environmental Quality Standards promulgated in 
1983. For effective implementation, though, industrialists must be convinced 
of the productivity-enhancing characteristics of energy-efficient equipment. 

The transportation sector, being the second largest contributor of GHGs 
within the energy sector, is important from a policy perspective. A relevant 
policy statement for the sector would decree the import of only fuel-efficient 
vehicle engines or their parts, and would recommend the gradual phasing out 
of the high-fuel-consumption engine varieties which are currently in use. 
Other policy initiatives in the area may be the institution of systems for vehicle 
checking and penalties on vehicles which do not meet with road safety and 
vehicular emissions standards. 

The linkages of this policy with the Government’s fuel saving objectives 
are obvious; if implemented properly, it will also have tremendous health 
benefits by effecting a distinct improvement in urban air quality. From the 
climate change perspective, energy efficiency checks on vehicles would result 
in substantial reductions in fossil fuel consumption, as the transportation 
sector is estimated to consume 33 percent of the total energy consumed in the 
country. Fuel savings of about $100 million are estimated to accrue per annum 
as a result of the implementation of energy efficiency measures in 
transportation, and total CO2 abatement will be approximately 157 million 
tonnes. Currently, there are no existing fuel efficiency standards for vehicles. 
However, after the promulgation of the Pakistan Environmental Protection Act 
of 1997, the EPAs have initiated some form of vehicle monitoring. The 
monitoring is not carried out on a sustained basis, however, which reduces the 
efficacy of the initiative. GEF has already recognized the mitigation potential in 
transportation and has started the provision of vehicle tuning and maintenance 

Power generation and transmission is another area of concern where 
policy directives may have to be revisited. Electricity T&D systems losses are 
estimated to average up to 25 percent of the total capacity generated, which is 
unacceptable. In the short term, a policy on the reduction of these losses 
through the institution of effective monitoring systems is imperative. 

In the long run, however, the Government’s policy should focus on fuel 
substitution possibilities, particularly the substitution of petroleum products with 
natural gas. This is important, primarily from a balance of payments perspective. 
According to recent studies, the economic cost of importing petroleum products 
is estimated at $4.5 per MMBtu, while that of natural gas is $3.0 per MMBtu. In 
addition, the infrastructure requirements for handling the processing and 
transportation of imported petroleum products are substantial, and Pakistan is 
not likely to be able to fulfill these in the long run. The issue of a clear policy on 
gas imports is thus important. Other Government policies with respect to the 
development of electricity generation systems relate to the promotion of the use 
of indigenous resources, such as the recently discovered coal and lignite 
reserves in Sindh. Coal was until recently used almost exclusively in the brick 
kiln industry, but the demand for coal for use in thermal power generation is 
now increasing. Pakistan produces mostly low-grade coal with a very high sulfur 

under a fuel efficiency project. 
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content, and its use in power generation systems may have serious adverse 
environmental effects in the form of increased emissions of SOx. The policy of 
encouraging coal-fired power plants has to be reassessed with respect to its 
environmental and climate change implications. Preliminary studies have 
indicated that the costs associated with exploitation of this coal are extremely 
high, and the transportation of coal to power plants in the Lower Indus region is 
likely to be uneconomic. 

The National Power Plan is the Government’s blueprint for power policy in 
the country. Although the Plan gives details of T&D losses in the system, despite 
the existence of policies in thls regard, no policy has yet been properly enacted 
to bring about a reduction in losses. The regulatory authority concerned is not 
fully functional, and the restructuring of the electricity supply corporations is 
thus at a standstill. The status of gas import policies is relatively more clear, as 
feasibility studies have been completed regarding the possibility of importing 
gas from Iran, Qatar, or Central Asia. Action on the policies has been delayed for 
a variety of reasons including the continuing regional political turmoil. 

Just as electricity T&D systems are liable to incur losses, gas T&D systems 
have also been a cause for concern. A concerted policy action is necessary not 
only in view of the obvious fuel savings involved, but also as defects in the T&D 
system for gas can have important safety implications. At present, there are no 
policies in place to reduce T&D losses in gas transmission, although the 
Government’s first priority is to restructure and privatize the two gas 
transmission and distribution companies that are currently functional. A policy 
for reduction in losses in gas T&D would have significant implications for 
climate change policy, as substantial reductions in methane emissions can be 
achieved by improving systems designs. 

The emphasis in Pakistan, as far as the energy sector is concerned, has 
remained primarily on conventional means of power generation and 
conventional energy products. Renewable sources of energy have never been 
explored as a viable option. Nonetheless, recent energy policies, particularly the 
policy of 1994, have paid lip service to the concept of exploring renewable 
energy resources in power generation. The policy mentions that private 
investors may propose projects based on renewable or non-conventional 
sources of energy. It also specifies that the bulk power tariff proposed for 
conventional power plants will also apply to projects based on renewable 
energy. However, no distinct policy on the development of alternative energy 
systems has been developed or pursued in recent years. 

Agriculture 

The focus of Government policy in the agriculture sector has been primarily 
on increasing crop yields through the judicious use of inputs, and setting realistic 
support prices for major crops. The mitigation options relevant to this sector 
include the use of energy-efficient farm machinery and vehicles, and the 
enforcement of policies that are in conformity with the Government’s interest in 
promoting the efficient use of inputs, particularly water. Water management in rice 
paddy fields can also be considered as a means to encourage water use efficiency 
in irrigated areas. However, as research in the area is still very much in its primary 
stages, and research results from other countries are still in the process of being 
compiled, this aspect of water management has not been seriously explored in 
Pakitstan. Emphasis in the livestock sector so far has been primarily on the 
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improvement of breeds, to encourage production of animal products such as milk 
and meat. Improved feed systems have not been explored to their full potential as 
a means of increasing productivity in the sector, although this may represent a 
more economical means of achieving productivity goals. 

!"#$%&#'(

The policy framework in the forestry sector has been laid out extensively in 
the Forestry Sector Master Plan (FSMP), prepared with the help of consultants at 
the beginning of this decade. Emphasis in the sector has been mostly on the 
preservation of existing forests, and on the promotion of social forestry and 
agroforestry, approaches in afforestation, and conservation programs. The 
promotion of private plantations through agroforestry programs and 
encouraging plantations on agricultural lands are also new initiatives to be 
considered in the sector. Commercial plantations of eucalyptus, poplar, semal, 
etc., should also be encouraged as a means of supplying raw material to the 
wood processing industry. 

)*%&$(

An area where significant restructuring is likely to commence within the next 
year or so is waste management. International agencies are pressing for the 
deregulation of certain functions of municipal agencies in Pakistan, as they are 
now under severe financial constraints and are not in a position to expand their 
activities in proportion to the growth of urban areas. Consequently, waste 
management services may be opened up to the private sector, which is in a better 
position to employ resources for the construction of facilities, such as sanitary 
landfills. The possibility of exploring innovative approaches in waste management 
that may have environmental and climate change implications is thus plausible. 

National policy objectives for the sector consist of a series of measures to 
deregulate and privatize the energy supply systems in the country. To this end, 
one primary national objective is the establishment of regulatory authorities for 
the infrastructure corporations. Given that infrastructure provision services 
tend to be natural monopolies, it is essential to establish an appropriate 
regulatory structure before restructuring can be instituted so that the rights and 
responsibilities of both producers and consumers are clearly delineated. The 
role of the regulatory authorities is to oversee the process of restructuring of 
the utility corporations, formulate new rules of business, etc., and generally 
define the new structure of the systems. The regulators may decide the extent 
to which private competition can be promoted through the unbundling of 
supply functions, and may ultimately assist the Government in the actual 
privatization process. The short-term policy objectives for the power and gas 
supply systems thus include the establishment of a functional regulatory 
system, which is competent to undertake extensive overhauling of existing 
systems with a view to reduce losses and increase service efficiency. 

deregulation and liberalization that was initiated in the 1980s, and has speeded 
up with the adoption of IMF’s structural adjustment program. A system of 
regulation is envisaged as a means to ensure that utilities become self- 
financing and sustainable without assuming monopoly characteristics. In 

The deregulation of utilities is concomitant with the process of 

PAKISTAN 

NATIONAL GHGs ABATEMENT 
ACTION PLAN 

8.1 .2 NATIONAL OBJECTIVES 

PAGE 183 

file:///Users/taralaan/Dropbox/Pakistan%20INDC%20&%20Low%20Carbon%20Scenarios/Forestry/13042016/SCREEN-2.pdf


SECTION 8 

PAGE 184 

NATIONAL GHGs ABATEMENT 
ACTION PLAN 

Ensuring that utilities Ensuring that the utilities and Ensuring that national Regulatory 
and corporations corporations fulfill national GHGs mitigation frameworks have 
operate in an environmental objectives. objectives are fulfilled by been prepared, 
economic manner and the utilities and though regulatory 
that consumer corporations. institutions have yet to 
interests are be established. The 
protected. environmental role 

and responsibilities of 
the regulatory 
agencies has not yet 
been defined 

PAKISTAN 

addition, the role of the regulator is now seen to be that of a quality control 
authority and an environmental watchdog as well. Thus, the regulator ensures 
improvements in operational efficiencies, which in turn translate into lower 
rates of fossil fuel consumption and GHGs abatement. The process of the 
establishment of a regulatory system has begun with the preparation of 
operational frameworks for the proposed authorities. However, progress in 
establishing functional entities has been slow. The process of privatization has 
likewise slowed down, as some form of restructuring of the corporations is 
essential to make privatization viable. 

In addition to the deregulation of the utilities themselves, another policy 
initiative that is recommended is the rationalization of energy tariffs and the 
removal of cross-subsidies. There is reason to believe that the present policy 
of cross-subsidization has led to the inefficient use of subsidized fuels and 
waste of resources in areas where tariff rates are inefficiently low. The 
rationalization of tariffs and removal of subsidies is also consistent with the 
general policy of liberalization of the economy and reduction of fiscal deficits. 
In addition, the policy would have important environmental and climate 
change effects in the form of reduced emissions from more efficient fuel use. 

Energy conservation objectives and policies have been the subject of all 
major national planning programs such as the Five-Year Plans and the 
National Conservation Strategy. The stated aim of the policies is to reduce fuel 
import bills, and to reduce the country’s dependence on external energy 
resources. The environmental and climate change effects of reduced fossil fuel 
consumption are well documented and energy conservation policies, 
therefore, link up well with the country’s climate change agenda. 

plans for Pakistan. 
Table 8-2 summarizes the national policy objectives and implementation 

TABLE 8-2
NATIONAL POLICY OBJECTIVES 

AND, IMPLEMENTATION PLANS 

FOR PAKISTAN 

Economic 
Development Environmental Effects GHGs Mitigation Status 

Elimination of subsidely 
payments to utilities 

Reduction in emission 
associated with inefficient use of 
subsidized fuels. 

Reduction in GHGs 
emissions associated 
with inefficient use of 
subsidized fuels. 

Gradual phase out of 
subsides has been 
initiated 

Making the utilities and 
energy producing 
corporations self- 
financed and 
suitable. 

Making the utilities and 
corporations environmentally 
responsible. 

Reduction in GHGs 
emission through 
improvement in 
operational efficiencies 
to achieve fuel savings. 

A process of 
privatization has been 
established, and is 
expected to be 
complete in the near 
future. 

Rationalization energy tariffs and removal subsides tariffs of of in 

Privatization of Corporations and organizations in the energy sector 

Establishment regulatory agencies for the energy sector of 
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Reduction in the Reduction in emissions, Direct reduction in Targets set in 
country’s fuel import associated with improvements in GHGs emissions. previous Five-Year 
bill. fuel efficiency. plans have not been 

achieved 

!"#$%&"'($%("(%$)'"&*+,(&*(&-.(/01222( "'34("%(*5(67)7%&(899:4($%(;.)";;,(
<*7'3( &*(3.%$)'("'3( $=>;.=.'&( "(?@?%("<"&.=.'&( >*;$A,B(C$=$;"+;,4(&-.(
A*7'&+,D%(A*==$&=.'&%(7'3.+( &-.(E'&.+'"&$*'";(2*'F.'&$*'( *'( G$*3$F.+%$&,(
="#.( $&($'A7=<.'&(7>*'( &-.(?*F.+'=.'&( &*(>7+%7.(>*;$A$.%(&-"&(H$;;(A*'%.+F.(
<$*3$F.+%$&,("'3( .'-"'A.( A"+<*'(%$'#%(&-+*7)-(&-.(>+*&.A&$*'(*5(5*+.%&%("'3( "'(
$'A+."%.($'("+."(7'3.+( F.).&"&$*'(A*F.+B(E'(&-.(5*+=.+(A"%.4(!"#$%&"'($%($'(&-.(
>+*A.%%(*5(>+.>"+$')($&%(0"&$*'";( 2*==7'$A"&$*'( 7'3.+( &-.(/012224( *5(H-$A-(
&-.(?@?%($'F.'&*+,( "'3( &-.(=$&$)"&$*'(>;"'%("+.("(>"+&B(E'(&-.(A"%.(*5(&-.(
<$*3$F.+%$&,(A*'F.'&$*'4( ";&-*7)-( &-.(1CI!( -"%(<..'( >+.>"+.34($=>;.=.'&"&$*'(
-"%().'.+";;,( <..'( >**+4(="$';,( <.A"7%.(*5(3.5$A$.'A$.%($'($'%&$&7&$*'";(A">"A$&,B(

E'("33$&$*'(&*(&-.($'&.+'"&$*'";(")+..=.'&%(&-"&(!"#$%&"'($%(<*7'3( <,4(&-.(
A*7'&+,D%(>*;$A,(*<J.A&$F.%($'A;73.(&-.(>+*=*&$*'( *5($'&.+'"&$*'";(&+"3.(&$.%4(
>"+&$A7;"+;,(H$&-$'(C*7&-(6%$"("'3( $'(2.'&+";( 6%$"B(E'(&-$%(+.)"+34(&-.(
>+.>"+"&$*'(*5(>;"'%(5*+(&-.()"%($=>*+&%(A"%.(-"%(<..'( "'( $=>*+&"'&(%&.>($'(
<7$;3$')(&+"3.(H$&-(&-.(.'.+), K+$A-(2.'&+";( 6%$"'(%&"&.%B(L-.( '..3( &*(.M>;*$&(
&-.%.(;$'#%(-"%(<..'( $'%&+7=.'&";($'(!"#$%&"'D%($'%$%&.'A.(*'( "(%.&&;.=.'&(*5(
&-.(65)-"'( H"+B(N.)$*'";( A**>.+"&$*'(H$&-$'(&-.(C66N2( OC*7&-(6%$"'(
6%%*A$"&$*'(5*+(N.)$*'";( 2**>.+"&$*'P(A*7'&+$.%(*'( .'.+),( $%%7.%4(>"+&$A7;"+;,(
H$&-(+.)"+3(&*(3.F$%$')(%,%&.=%(5*+(&-.($=>*+&("'3( .M>*+&(*5(.'.+),4( $%("'*&-.+(
*>&$*'(&-"&(-"%(<..'( .M>;*+.34("'3( A+*%%K<*+3.+(="+#.&$')(*5(.'.+),( $%("'(
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Give priority to win-win Reduction of emissions in the Preparation of National National GHGs 
opportunities for energy sector. Communication  and inventory prepared. 
energy conservation. follow-up actions. GHGs mitigation and 

adaptation plans 
being prepared 

Protection of forest Protection of biodiversity     and soil Enhancement  of carbon Forestry Sector 
and protected areas to conservation. sinks through protection Master Plan prepared. 
ensure economic use of forests and increase Very limited 
of resources such as in area under  vegetation implementation 
commercial harvesting cover. 
of wood and 
ecotourism. 

Technical  and Improved regional availability  of Improving regional Several project 
economic cooperation clean fuels such as natural gas. availability of fuels with proposals have been 
for projects such as lower GHGs emissions prepared. No 
cross-border such as natural gas. implementation 
marketing of energy. agreements, as yet 
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Economic 
Development Environmental Effects  GHGs mitigation Status 

Economic 
Development Environmental Effects GHGs mitigation Status 

Energy conservation objectives as stated in the national Five-year Plans and the National 
Conservation Strategy 

Fulfillment of commitments under the UNFCCC 

Fulfillment commitments under the International Convention on Biodiversity of 

Reginal cooperation on energy issues under forums such as SAARC 
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Environment 

Environmental issues are, at the federal Government level, the responsibility 
of the Ministry of Environment, Local Government and Rural Development 
(MOE). The Ministry of Planning and Development (MOPD) also has an 
Environment Cell, which makes sure that environmental issues are incorporated in 
the Five-Year Plans, and in all major development policy decisions. There is, 
however, no separate Climate Change Cell within the MOE, and no distinction is 
made between environmental and climate change issues, even in the aftermath of 
Pakistan’s ratification of the UNFCCC. Therefore, there is no agency in the country 
with the sole responsibility of formulating a climate change agenda or 
coordinating climate change activities. The need for such a cell or committee is 
important also, as the Government will have to build capacity to undertake the 
reporting requirements, etc., expected of it under the UNFCCC. 

The implementation of policy is the responsibility of the Pakistan EPA, 
which was reconstituted under the Pakistan Environmental Protection Act 
(PEPA) 1997 and is primarily responsible for administering the provisions of the 
Act. The Authority, or the Federal EPA as it is often called, is required to ensure 
compliance with the NEQS, establish monitoring and evaluation systems, and 
identify the need for and initiate legislation whenever necessary. Each provincial 
Government has its own EPA and its own Planning and Development (P&D) 
department that supports an Environment Cell. Despite having a broad ambit of 
authority on all environmental matters under the existing environmental 
legislation, these EPAs have yet to develop capabilities needed for effective 
enforcement. 

While each of the agencies mentioned above has a defined responsibility, 
lack of coordination among the agencies belonging to different ministries and 
operating under different legislation can potentially lead to mismanagement on 
the part of the Government. One obvious example is that of the difficulties faced 
in the enforcement of policies in the road transportation sector. The EPAs have 
the power to enforce the NEQS for vehicle emissions, but are not organized 
enough to impose and collect fines on a large scale. These powers lie with the 
Police Department, which does not have the capacity to monitor vehicular 
emissions or set standards. Conflicts over jurisdiction are thus liable to arise. The 
EPA must either have powers of enforcement, or must coordinate its activities 
with the relevant enforcement agencies in order to effectively implement its 
agenda. Coordination with other ministries who have some concern with 
environmental issues, such as the ministries of Water and Power, Petroleum and 
Natural Resources, etc., is also minimal. 

Energy 

The Ministry of Petroleum and Natural Resources (MPNR) is primarily 
responsible for implementing policy decisions in the oil and gas sector. While 
policy issues are handled by the MPNR, the Oil and Gas Development 
Corporation (OGDC), a semi-autonomous corporation, is mainly responsible for 
undertaking Exploratory and Production (E&P) activities. The E&P activities are 
regulated by the Directorate General of Petroleum Concessions (DGPC) in the 
MPNR. Downstream activities, including price setting, are the responsibility of 
the Directorate General for Gas within the MPNR. Gas transmission and 
distribution are handled by the Sui Northern Gas Pipelines Ltd. (SNGPL) in 
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designated areas in northern Pakistan, and by Sui Southern Gas Corporation 
(SSGC) in the southern zones of the country including Karachi. The 
Government is the majority shareholder in the two distribution companies, 
which hold virtual monopolies over their respective areas of operation. The 
generation, transmission, and distribution of power is the responsibility of 
WAPDA, which supplies power all over Pakistan with the exception of the city 
of Karachi. In Karachi, this responsibility lies with KESC, a semi-autonomous 
corporation. Coal mining and exploration activities are carried out in the public 
sector mainly by the Pakistan Mineral Development Corporation (PMDC), but a 
number of private operators are also active in the field. 

the ENERCON, which was established in 1988. ENERCONs functions have 
included conducting research on the energy conservation potential in industry, 
and carrying out an awareness campaign regarding energy conservation 
equipment and energy management systems. ENERCON has been fairly active 
with regard to awareness programs and research and analysis in the past, but of 
late, the organization has run into institutional problems, and is now all but 
dormant. The only major project being implemented in the Centre now is the 
Fuel Efficiency Project funded by the GEF. ENERCONs extensive research in 
industrial systems, building energy efficiency and lighting efficiency, etc., has 
never been used, and the agency’s state of lethargy can be attributed partly to 
the fact that implementation of its research programs has always been slow. 

Appliance testing facilities are relatively limited. The Pakistan Standards 
Institution (PSI) has done some work on the specification of appliance standards 
and methods of testing. The PSI establishes standards for, amongst other things, 
appliances and refrigerants and prescribes procedures for the determination of 
energy consumption of appliances, etc. At present, the PSI does not have any 
powers of enforcement. The National Institute of Power (NIP), an institute of the 
Ministry of Science and Technology, has been involved in the testing of 
electronic equipment, though the emphasis has been mainly on equipment 
used for power generation and distribution. The NIP has recently been 
deactivated, and plans are afoot to merge it with the Heavy Voltage and Short 
Circuit Testing Laboratory (HSTL), another subsidiary of the Ministry of Science 
& Technology, which has been involved in conducting quality tests for power 
equipment. 

The existing institutional framework has been outlined above. Certain 
institutional reforms are still in the pipeline, however. The Government plans to 
start the process of privatizing the public sector utility corporations. The National 
Electric Power Regulatory Authority (NEPRA), set up through an ordinance in 
July 1996, will be the sole regulator for the privatization of corporations and 
statutory bodies responsible for the generation, transmission, and sale of 
electricity. The Cabinet has approved plans to set up a Gas Regulatory Authority 
(GRA), but the supporting legislation is still in the process of being drafted. The 
functions of the regulatory authorities will include overseeing the privatization 
process of the utility corporations and also devising systems to rationalize energy 
prices and suggest ways to remove the cross-subsidization  that is rampant in the 
energy supply services. 

While the existing institutional structure for energy is quite extensive, the 
enforcement and implementation of energy efficiency policies has not been 
given the attention it merits. Agencies such as ENERCON can be far more 
effective if they coordinate their activities with other Government departments, 
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manufacturers, associations, and even (in the case of enforcement of the 
building energy codes) municipalities and urban planning specialists. Until such 
linkages are established, and the outreach functions are strengthened, the utility 
of the research programs developed will remain untested. In addition, capacity 
building in use of energy efficiency technology can only take place if 
implementation programs are linked with research efforts, and a market for 
energy-efficient goods is established. 

There are at present 25 domestic commercial banks and 19 foreign banks in 
the country. Commercial banks constitute the country’s largest deposit institutions, 
and are the primary source of short-term and mechum-term credit. Long-term 
financing has traditionally been the domain of the Development Finance 
Institutions (DFIs), 11 of which are currently functional. The DFIs, being 
specialized institutions, generally have qualified personnel, who are experienced 
in project appraisal techniques. However, the performance of DFIs has been 
adversely affected of late, as they have been subject to political pressure from 
successive Governments. The Government has now strengthened banking 
regulations as well as the legal framework for the recovery of loans. The State 
Bank’s regulatory role has also been strengthened through the enforcement of 
new legislation, which reinforces the autonomy of the bank. 

There is currently a dearth of specialized financial institutions in the country 
who deal primarily with the financing of energy-efficient equipment, or who can 
finance the procurement and working of the relatively more innovative 
technologies. Such capacity has to be built to deal with the potentially increasing 
demand for such technologies, particularly in view of the fact that energy 
conservation regulations may be in place in the near future. 

The primary policy-making body for the agriculture sector is the Ministry 
of Food, Agriculture and Livestock (MINFAL). The ministry is supported by a 
variety of research and implementation agencies. Prominent amongst these 
are the Pakistan Agricultural Research Council (PARC), the NARC, and 
specialized institutes associated with the above, such as the Animal Nutrition 
Institute at NARC and various crop research institutes. In addition, the 
Agricultural University of Faisalabad has an extensive research program which 
feeds into Government policies for the sector. 

The Forestry Division in the Ministry of Environment handles policy issues 
in forestry at the federal level. The provincial forestry departments are 
responsible for the implementation of forestry projects. The PFI in Peshawar is 
responsible for forestry research, and runs training programs for the staff of all 
provincial Forest Departments. A number of donor-funded projects that deal 
mainly with social forestry approaches are currently operational in the forestry 
sector. 

The action plan for GHGs abatement stems from the strategies developed 
for individual sectors in accordance with the existing institutional capacity and 
regulatory framework. The main issues in this regard are summarized below, 
and in Table 8-4. 
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TABLE 8-4 
GHGs ABATEMENT ACTION 

PLAN FOR PAKISTAN 

Establishment of institutional The NCCC will have Coordinated policies, 
framework at national level. representation from the strategies, and action 

Institution  of NCCC under the government, provinces, private abatement. 
PEPC. sector, experts, and NGOs. 

Formation of Climate Change 
Cell in the MOE. 

concerned sectors in the federal on GHGs mitigation and 

Implementation  of national climate 
change plans will be closely 
coordinated with the 
implementation of national 
environmental  plans. 

Updates of GHGs 
emission inventories. 

Reduction    in electricity T&D Privatization  of electricity 128.36 tonnes CO2 
losses from 25% to 16.4% by 
the year 2020. 

Implementation of targets programs. 
proposed in the National Power 
Plan. 

Rationalization  of power tariffs. 

Privatization  of electricity 
distribution systems. 

Establishment and operation of 
NEPRA. 

distribution   systems will facilitate 
formation  of ESCOs and 
involvement of utilities in DSM 

abated by the year 2020 

Reduction in gas T&D losses 
from 7% to 3% by the year 
2020. ESCOs and involvement of  by the year 2020 

Rationalization of gas tariffs. 

Privatization of gas distribution 
systems. 

Establishment and operation of 
GRA. 

Privatization  of gas distribution 
systems will facilitate formation of 

utilities in DSM programs. 

130.83 million tonnes 
CO2 - equivalent abated 

Establishment of investment 
fund for energy efficiency 
investments in the industry. 

Implementation of the project 
brief prepared under ALGAS. 

Financial sector reforms 
underway will facilitate the 
establishment of the fund. 

Formation of a Board for 
Climate Change Investments. 

Establishment of the investment 
fund will facilitate involvement of 
the financial sector in climate 
change activities. Opportunities 
for integration with environmental 
and productivity enhancement 
investments 
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Implementation of appliance Privatization of utilities will 88.97 million  tonnes 
efficiency codes and facilitate implementation  of CO2 -equivalent abated 
standards. appliance efficiency codes and by the year 2020 

Implementation of the project 
prepared under ALGAS. 

Strengthening and capacity 
building in PSI, ENERCON,  appliances. 
and appliance manufacturers 
associations. 

standards. 

Removal of tariff subsidies will 
provide incentives to consumers 
for purchase of energy-efficient 

Building on the GEF funded 
"Fuel Efficiency in the Road 
Transport Sector" project to standards. equivalent by year 2020 
capture fuels savings from 
engine and vehicle 
maintenance. 

Implementation of vehicle 
efficiency standards. 

Rationalization of fuel prices. 

Strengthening and capacity 
building in the EPAs, PSI, and 
ENERCON. 

Integration with development and 
enforcement of vehicle emission 

Reduction of 50.49 
million tonnes of CO2 - 

Substitution of oil and coal with 
imported natural gas in the 
power and industry sectors. 

Various options for gas import 
being considered by the 

Enforcement of standards for 
gaseous emissions and air 
quality, particularly Sox emissions. 

Reduction in infrastructure 
requirements for transportation of 

Reduction of 238.3 
million tonnes of CO -2 
equivalent in power 
generation by the year 
2020 with a reduction in 
fuel impor t bill of the 

government. liquid fuels. country 

Strengthening of the MPNR and 
establishment of the GRA. 

Enhancement of regional 
cooperation through cross border 
marketing of energy. 

Promotion of renewable energy 
sources. electrification. in energy production, 

Implementation of GEF- transmission systems 
sponsored project for wind 
power. 

Development of policy for 
purchase of power from 
renewable sources 

MOE to have coordinating role, 
implementation responsibilities 
in line ministries in 
collaboration  with private 
sector. 

Support to national plans for rural Lower GHGs emissions 

transformation and 
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The strengthening of institutional capacity to deal with climate change issues 
is critical, if any serious initiatives are to be taken. In this regard, the first step 
would be the formation of a Climate Change Committee under the aegis of the 
Pakistan Environmental Protection Council (PEPC), which would oversee the 
formulation and implementation of a policy on climate change. It is also 
imperative to establish one institutional entity within the Government that would 
take the lead role in actually implementing a climate change policy. Thus, a crucial 
step in the formulation of an abatement plan would be the recognition of the need 
to establish a Climate Change Cell within the MOE. The Cell can work with a 
cross-sectoral agenda and can be constituted with representation from the federal 
and provincial Governments, the private sector, technical and financial experts, 
and NGOs. The proposed Climate Change Cell must work to coordinate strategies 
in different sectors and work towards specific abatement targets in the short, 
medium and long terms. 

Once the essential institutional structure is in place, abatement plans for 
individual sectors can be developed in line with the strategic needs identified 
earlier. In this regard, one of the high priority areas would be the restructuring of 
public sector utility corporations. Restructuring in this case refers to the institution 
of systems for the reduction of losses, rationalization of the tariffs structure and 
removal of cross-subsidies, and lastly, the establishment of an appropriate 
regulatory structure that will oversee the eventual privatization of the corporations. 
The privatization of these corporations is likely to facilitate the formation of private 
Energy Services Companies (ESCOs) that are concerned with the provision of 
energy efficiency systems to the residential and corporate sectors. It can also serve 
as a catalyst for the involvement of the utility companies in actively promoting 
demand-side management programs. 

For industry, the approach would be to facilitate investment in energy 
efficiency measures by small and medium enterprises, in addition to large firms. 
This would require the establishment of a credit line dealing exclusively with 
financing of energy efficiency upgrading measures in industrial units, whether 
these measures take the form of investment in energy-efficient equipment or 
machinery, or include more innovative approaches such as investment in 
cogeneration systems. Details are given in the section on project proposals. At a 
time when the financial sector in Pakistan is being reformed in accordance with 
the new economic liberalization policies of the Government, the climate is 
particularly opportune for the institution of new modes of financing and areas of 
intervention. The formation of a Board for Climate Change Investments is also 
advisable to facilitate more wide-ranging options in GHGs abatement. 

Transportation is another area where some select interventions can address a  
variety of issues. Once again, rationalization of fuel prices would be an important 
intervention. The rate of tax varies considerably for various categories of fuels. The 
tax rate is highest for hi-octane blending compound (HOBC) and gasoline at over 
$1996 0.21 per liter, while the tax for diesel and kerosene fluctuates around $1996 
0.04 per liter (average exchange rate for 1996: $1 = Rs. 33.57). In addition to the 
removal of price distortions, a minimum standard of vehicle maintenance has to 
be propagated as a mandatory requirement. The existing GEF project on fuel 
efficiency in road transportation should be strengthened to encourage fuel savings 
through vehicle and engine maintenance. The existing project needs to be backed 
up by regulations in the form of the issuance of vehicle efficiency standards. At the 
same time, the powers of the EPAs with respect to enforcement of such standards 
must be clearly defined. 
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The implementation of appliance standardization and labeling systems is 
another area of possible intervention, which should be considered in the short 
term. A project proposal to this end has already been put forward as a part of this 
report. The implementation of such systems would require planning for a set of 
institutional strengthening measures for agencies like ENERCON and the PSI, as 
well as a forging of links with importers and associations of domestic 
manufacturers of appliances. The imminent privatization of utilities and 
rationalization of energy tariffs along with the proposed removal of cross-subsidies 
will further facilitate the implementation of appliance standards. 

Pakistan does not have a comprehensive strategy with regard to the use of 
renewable energy. There is a need to incorporate a strategy for the development 
of renewables in the energy policies. The Government has a power purchase 
policy for private power generating companies. A clear policy is needed also for 
power purchase from power generation plants run on alternative energy sources, 
which would recognize the unique nature of such projects. The proposed GEF- 
funded wind energy project to be established on the southern coastline would be 
the first project of its kind in the country, and may serve as an example of how 
renewable energy resources will be integrated into conventional transmission and 
distribution systems. The development of this project would be viewed with keen 
interest. 

the institution of a variety of donor-funded projects. The FSMP that was prepared 
by the Government in 1992 is a comprehensive exposition of the issues in the 
sector, as well as the strategies that may be adopted in the context of checking 
deforestation and land degradation. The implementation of the Plan itself has 
been inadequate, but some of the issues raised have served as catalysts for NGO 
interventions in forestry. The FSMP needs to be revised and reassessed and new 
implementation timelines should be worked out for the sector. 

As mentioned earlier, issues in agriculture include fuel efficiency issues in the 
use of agricultural machinery in addition to methane emissions from livestock and 
rice paddy fields. The rationalization of fuel prices would be particularly relevant 
for agricultural machinery and vehicles, which are almost exclusively run on 
diesel. Just as energy efficiency standards are recommended for appliances and 
transportation vehicles, such standards must also be defined and implemented for 
agricultural machinery. Agriculture is one area where substantial institutional 
capacity already exists, and can be built upon. Other initiatives in this area relate to 
measures taken to reduce methane emissions. A project on improved livestock 
feed has been prepared as a part of the ALGAS project, and its implementation is 
strongly recommended in the short term. The other significant source of methane 
is anaerobic decomposition from rice paddy fields. The implementation of a 
mitigation strategy here is likely to be complicated by the lack of accurate data in 
Pakistan. 

The GEF has proposed the setting up of a waste-to-energy facility in Lahore, 
which would use gas from landfills to generate power. The project is still in the 
planning stage, and there are no definite target dates for implementation as yet. 
The project is particularly relevant, given the Government’s interest in possibly 
privatizing certain municipal services such as the collection and disposal of waste. 
The privatization of such services should be coupled with the initiation of more 
innovative forms of waste management. The implementation of the waste-to- 
energy project thus may be particularly relevant as a precursor to more 
experimental projects in the area. 
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he strategy and action plan outlined in this report conveys the essence of 
the proposed mitigation program for Pakistan. Briefly, the mitigation 
effort should consist of a series of initiatives in the forestry, agriculture, 

and, particularly, the energy sectors. Before the initiatives are implemented, the 
stage will have to be set for them through a set of institutional and policy 
reforms. 

The proposed strategy includes the following institutional and policy 
reforms: 

(i) Formation of a Climate Change Committee under the aegis of the 
Pakistan Environmental Protection Council (PEPC); 

(ii) Formation of a Board for Climate Change Investments to facilitate 
more wide-ranging options in GHGs abatement; 

(iii) Restructuring of public sector utility corporations, formation of 
regulatory agencies and removal of cross-subsidization in the tariff 
structure; 

(iv) Establishment of a credit line dealing exclusively with financing of 
energy efficiency upgrade measures in industrial units; 

(v) Enactment of policies for the rationalization of fuel prices; 
(vi) Formulation of policies for power purchase from power generation 

plants run on alternative energy sources; and 
(vii) Formulation of a policy for import of natural gas. 

Work on these policies and institutional initiatives should start as soon as 
possible, so that the implementation of mitigation projects can be facilitated. 
Details of mitigation programs to be adopted in each subsector are laid out in 
the previous section. 

Pakistan has historically faced a chronic shortage of investable funds. In the 
absence of a well-regulated, stable securities market, Pakistani industrialists have 
had to rely heavily on nonsecuritized lending by banks and financial institutions. 
Commercial banks constitute the country’s largest deposit institutions and are 
the primary source of short- and medium-term credit. Long-term financing is, as 
mentioned earlier, handled by the DFIs. Pakistan’s financial sector is in the 
process of being reformed and some of the measures initiated in this regard 
have been outlined earlier in this report (see Section 7). The success of the 
banking sector reforms is expected to hinge on the extent to which the State 
Bank’s regulatory authority can be strengthened. Public sector claims on the 
money market have been exceptionally high since the beginning of this decade. 
In 1995-1996, the Government borrowed $1.55 billion (average exchange rate 
for 1996: $1 = Rs.33.57) from the banking system toward financing a $4.08 
billion budget deficit. This figure is estimated to have risen to almost $2.44 
billion (average exchange rate for 1997: $1 = Rs.38.53) in 1996-1997, although 
budget estimates for bank borrowing were as low as $0.52 billion. There has 
thus been a systematic crowding out of the private sector, and investment funds 
have been channeled towards nonproductive expenditure. Interest rates have 
remained fairly high; weighted average rates of return on advances for purchase 
of machinery are close to 15 percent. 
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9.3 CONCLUSIONS 

1 Investment in specialized process 
equipment would, naturally, be more 
expensive. 

Financing energy-efficient technology and climate change related projects is 
likely to be a problem in the current scenario. Energy conservation measures 
typically require relatively small investments of less than $0.25 million (average 
exchange rate for 1998: $1 = Rs.44.30).1 This amount is too small to justify equity 
issues; likewise, debt financing of small loans is also limited, as DFIs do not want 
to incur the additional administrative costs associated with a portfolio of small 
loans. Medium- and small-sized businesses, which constitute some 80 percent of 
manufacturing units, are effectively excluded from energy conservation 
financing. 

One of the project briefs developed during the ALGAS project relates to the 
establishment of an investment fund for energy-efficient technology in industry. 
This would entail convening a Sustainable Development Fund Board (SDFB) to 
administer funds lent by donor agencies for the specific purpose of investment 
in energy-efficient technology. In addition, the formation of a Board to 
administer foreign investment in climate change related projects has also been 
recommended in this report. 

been proposed that the funds of the SDFB be deposited in a commercial bank, 
preferably the National Bank of Pakistan (NBP), which is the banker to the 
Government of Pakistan. A financial management cell (FMC) would be set up in 
the NBP, which would be staffed by financial analysts and accountants who 
would maintain a fully computerized system of accounting. The cell would thus 
be responsible for maintaining records on each loan transaction. Investment 
funds made available by funding agencies to the SDFB would be deposited in 
the NBP at commercially viable rates of mark-up. The funds would then be on- 
lent by the NBP to commercial banks and DFIs at interest rates equal to the 
weighted average cost of funds, plus a mark-up accruing to the FMC. The 
commercial bank in turn will on-lend to the industrial enterprise concerned at a 
commercially viable rate, which incorporates the bank’s mark-up. A single 
financial instrument, which will be called an environment finance certificate 
(EFC) could be made available to industrialists. The loan will be repayable over 
a period of a maximum of eight years. As in any other investment finance 
operation, the borrower will be required to finance a certain proportion, 
(normally, 20-25 percent) of the total capital investment required for the project. 

The ALGAS project has served as the primary means by which the country’s 

In the case of the investment fund for energy efficiency in industry, it has 

technical experts and sector specialists, as well as policy makers both in the 
public and private sector, have been trained to improve their understanding of 
the sources and sinks of GHGs emissions and the adverse impacts of climate 
change. The relevant resource persons were also identified and were assisted in 
effectively assessing the options for reducing emissions and enhancing sinks of 
GHGs and adapting to climate change. The greenhouse gas inventory prepared 
under the aegis of the project has proven to be a significant milestone in 
Pakistan’s efforts to evaluate greenhouse gas emissions and to understand the 
linkages between GHGs emissions and the perpetuation of unsustainable 
development practices. The inventory is the first comprehensive database of 
sources and sinks of GHGs emissions in the country, and serves to pinpoint 
areas where a future abatement action must be concentrated. As a developing 
country facing severe resource constraints, Pakistan is obliged to seek ever more 
efficient ways to use its scarce resources. The emphasis of the country’s 
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development strategy is in the process of shifting from a more ‘growth-oriented’ 
perspective to one more concerned with ‘sustainable development.’ 

This shift is reflected in an increased emphasis on energy conservation in all 
sectors of the economy, on increasing productivity in agriculture through more 
efficient use of inputs, and on developing systems for the sustainable 
management of natural resources. Though these objectives were not specifically 
formulated from a climate change perspective, or in response to global warming 
issues per se, their relevance to greenhouse gas emissions abatement is obvious. 
Thus, the Government and the private sector must seek to identify win-win 
situations, wherein the ‘Productivity Gains-GHGs Abatement’ nexus can be 
explored to its full potential. 
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APPENDIX 1 
ENERGY 

TABLE A1-1

Baseline Scenario Moderate GDP Growth Rate of 6% 

Option 1 

Option 2 

Option 3 

Option 4 Waste-to-energy systems 

Reduction in electricity T&D losses 

Reduction in gas T&D losses 

Substitution of oil and coal with natural gas 

Option 1 Energy-efficient  refrigerators 

Option 2 Energy-efficient  lighting system 

Option 3 Energy-efficient  fans 

Option 4 

Option 5 

Option 6 Energy-efficient motors 

Option 7 Cogeneration 

Option 8 

Option 9 

Option 10 

Option 11 

Option 12 

Option 13 

Option 14 

Option 15 Mini/micro hydel systems 

Option 16 Solar photovoltaic systems 

Option 17 

Option 18 Solar water heaters 

Energy-efficiency improvements in water heaters 

Improvements in building design 

E ne rg y-eff i ci e nt boilers 

Waste heat recovery systems 

Improved vehicle maintenance practices 

Improved engine maintenance practices 

Improvements in engine design 

Energy efficiency improvements in tubewells 

Energy efficiency improvements in tractors 

Wind power generation systems 
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Supply-Side Abatement Scenario 

Demand-Side Abatement Scenario 
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TABLE A1-2 
GROWTH RATES OF NATIONAL 

LEVEL MACRO VARIABLES - 
BASE CASE AND MITIGATION 

SCENARIOS 

ENERGY 

Overall 4.50 7.70 8.60 9.00 9.00 

Iron & steel 1.60 6.90 6.90 6.90 6.90 

Cement 3.30 5.10 5.60 5.60 5.60 

Bricks 7.80 6.90 7.30 7.70 7.70 

Fertilizer 10.30 9.40 9.40 9.40 9.40 

Chemicals 10.10 9.00 9.00 9.00 9.00 

Food & beverages 2.90 4.70 4.70 5.10 5.10 

Pharmaceuticals 6.30 6.00 6.90 7.00 7.00 

Paper & paper products 3.90 5.10 6.00 6.40 6.40 

9.50 8.60 8.60 8.60 8.60 Other 

Source:   Base year (1991)figures are actual values. Actual growth rates for population 
and GDP for the years 1991-94 are based on Economic Survey, 1995-96 (EAW, 
1996). 
Projections from 1995 onwards are based on Ninth Five-Year Plan, Ministry of 
Planning and Development (PC, 1997). 

TABLE A1-3 
PROJECTED FOSSIL FUEL PRICES 

Iron & steel 1.60 6.90 6.90 6.90 6.90 

Cement 3.30 5.10 5.60 5.60 5.60 

Bricks 7.80 6.90 7.30 7.70 7.70 

Fertilizer 10.30 9.40 9.40 9.40 9.40 

Chemicals 10.10 9.00 9.00 9.00 9.00 

Food & beverages 2.90 4.70 4.70 5.10 5.10 

Pharmaceuticals 6.30 6.00 6.90 7.00 7.00 

Paper & paper products 3.90 5.10 6.00 6.40 6.40 

Other 9.50 8.60 8.60 8.60 8.60 
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Sources:    Actual importprices for the yeur 1991 and 1995 are taken from Energy Yearbook, 
1996 (DG-NRER, 1996) and escalated as perprojectionsmade in ALGAS study.   

Prices of natural gas imports are taken from the National Power Plan (WAPDA/ 
CIDA, 1996) and the Energy Options Study (WB, 1995). 

PAKISTAN 

2020 2010 2005 2000 1995 1994 1993 1992 
1991
Base
Year

1991 
Base 
Year 

1992 1993 1994 1995 2000 2005 2010 2020 

GDP (Consultant factor cost) 
Manufacturing value added 

5.57 7.71 2.27 4.51 5.00 6.00 6.00 6.00 6.00 

Population 3.10 3.10 3.00 3.00 2.86 2.69 2.30 2.04 1.77 

Average No. of persons per 
Household 

7.30 7.30 7.30 7.30 7.30 6.90 6.70 6.65 6.60 

overall 4.50 7.70 8.60 9.00 9.00 

GDP (consultant factor cost) 
Manufacturing Value added 

5.57 7.71 2.27 4.51 5.00 6.00 6.00 6.00 6.00 

Population 
Average no. of persons per 
household 

3.10 3.10 3.00 3.00 2.86 2.69 2.30 2.04 1.77 
7.30 7.30 7.30 7.30 7.30 6.90 6.70 6.65 6.60 
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APPENDIX 1 ENERGY 

TABLE A1-4 
BASE CASE ENERGY BALANCE, 
1991,  MTOE 

Indigenous Production  3.15 0 1.56 10.68 1.50 0 8.72 11.04 0 36.74

Exports  -0.5 -0.01 0 0 0 0 0 0 0 -0.51

Imports  4.1 4.32 0.64 00 0 0 0 0  0 9.06

Stock Changes 0 0 0 0 0 0 0 0 0 0

Coal Production  0 0 -0.18 0 0 0 0 0 0 -0.16

Crude Oil Production -0.11 0 0 0 0 0 0 0 0.11 0

Gas Production  0 0 0 0 0 0 0 0 0 0

Oil refining  -6.63 5.9 0 0 0 0 0 0 0.05 -0.68

Electricity Generation 0 -2.32 -0.01 -3.66 -1.58 3.33 0 0 0 -4.25

Transmission & Distribution 0 0 -0.04 -0.37 0 -0.77 0 0 0 -1.19

Statistical Difference 0 0 0 0.47 0 0 0 0 0 0.47

Rural Households  0 0.36 0 0.06 0 0.37 5.67 9.27 0.03 15.76

Urban Households  0 0.09 0 1.36 0 0.48 0.79 1.77 0.05 4.54

Agriculture  0 1.14 0 0 0 0.46 0 0 0 1.6

Industry  0 1.13 1.99 4.48 0 0.9 2.26 0 0 10.76

Transport  0 4.64 0 0 0 0 0 0 0 4.64

Commercial  0 0.54 0 0.28 0 0.35 0 0 0.03 1.2
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Category Crude Oil Petroleum 
Products 

Cost/ 
Coke 

Natural 
Gas 

Hydral/ 
Nuclear Electricity 

Non-wood 
Biomass 

Wood 
Fuel 

Liquefied 
Petroleum 

Gas 
Total 

Primary Supplies 6.74 4.31 2.2 10.68 1.58 0 8.72 11.04 0 45.29

Final Consumption  0 7.89 1.99 6.65 0 2.56 8.72 11.04 0.16 39.01

Total Demand  0 7.89 1.99 6.18 0 2.56 8.72 11.04 0.12 38.51
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TABLE  A1-5  
BASE CASE ENERGY 

BALANCE 2000, MTOE 

ENERGY 

Indigenous Production 3.33 0 2.38 18.61 2.16 0 10.27 13.08 0 49.83 

Exports 0 -0.17 0 0 0 0 0 0 0 -0.17 

Imports 5.12 11.47 0.78 0 0 0 0 0 0.06 17.43 

Coal Production 0 0 -0.24 0 0 0 0 0 0 -0.24 

Crude Oil Production -0.09 0 0 0 0 0 0 0 0.09 0 

Gas Production 0 0 0 0 0 0 0 0 0 0 

Oil Refining -8.35 7.92 0 0 0 0 0 0 0.06 -0.38 

Electricity Generation 0 -4.28 -0.16 -6.31 -2.16 5.61 0 0 0 -7.28 

Transmission and Distribution 0 0 -0.08 -0.86 0 -1.4 0 0 0 -2.36 

Rural  Households 0 0.29 0 0.22 0 0.81 6.33 10.82 0.06 18.52 

Urban Households 0 0.09 0 2.59 0 0.85 0.85 2.25 0.1 6.73 

Agriculture 0 2.52 0 0 0 0.57 0 0 0 3.09 

Industry 0 1.77 2.66 8.05 0 1.54 3.09 0 0 17.11 

Transport 0 10.09 0 0 0 0 0 0 0 10.09 

Commercial 0 0.17 0 0.58 0 0.45 0 0 0.06 1.26 
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Category 
Crude 

Oil 
Petroleum 
Products 

Coal/ 
Coke 

Natural 
Gas 

Hydel/ 
Nuclear 

Electricity Non-wood 
Biomass 

Wood 
Fuel 

Liquified 
Petroleum 

Gas 
Total 

Primary Supplies 8.45 11.3 3.15 18.61 2.16 0 10.27 13.08 0.06 67.08 

Final Consumption 0 14.93 2.66 11.44 0 4.21 10.27 13.08 0.21 56.81 

Total Demand 0 14.93 2.66 11.44 0 4.21 10.27 13.08 0.21 56.81 
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TABLE A1 -6 
BASE CASE ENERGY BALANCE 

2010, MTOE 

Indigenous Production 3.72 0 6.81 15.35 5.09 0 13.23 15.5 0 59.7 

Exports 0 -1.38 0 0 0 0 0 0 0 -1.38 

imports 26.44 23.68 1.21 0 0 0 0 0 0.05 51.38 

Coal Production 0 0 -0.68 0 0 0 0 0 0 -0.68 

Crude Oil Production -0.1 0 0 0 0 0 0 0 0.1 0 

Gas Production 0 0 0 0 0 0 0 0 0 0 

Oil Refining -30.05 29.01 0 0 0 0 0 0 0.2 -0.83 

Electricity Generation 0 -14.23 -1.34 -2.26 -5.09 11.25 0 0 0 -11.66 

Transmission and Distribution 0 0 -0.24 -0.92 0 -2.48 0 0 0 3.63 

Rural Households 0 0.28 0 0.96 0 1.46 7.27 13.05 0.12 23.14 

Urban Households 0 0.09 0 5.54 0 1.52 0.65 2.44 0.15 10.4 

Agriculture 0 4.74 0 0 0 1.71 0 0 0 6.45 

Industry 0 13.01 5.76 4.76 0 3.43 5.31 0.01 0 32.28 

Transport 0 18.7 0 0 0 0 0 0 0 18.71 

Commercial 0 0.26 0 0.92 0 0.65 0 0 0.09 1.91 
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Category 
Crude 

Oil 
Petroleum 
Products 

Coal/ 
Coke 

Natural 
Gas 

Hydel/ 
Nuclear Electricity 

Non-Wood 
Biomass 

Wood 
Fuel 

Liquified 
Petroleum 

Gas 
Total 

Total 0 37.09 5.76 12.18 0 8.78 13.23 15.5 0.36 92.89 

Final Consumption 0 37.09 5.76 12.18 0 8.78 13.23 15.5 0.36 92.89 

Primary Supplies 30.15 22.3 8.02 15.35 5.09 0 13.23 15.5 0.05 109.69 
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TABLE A1-7 
BASE CASE ENERGY BALANCE 

2020, MTOE 

ENERGY 

Indigenous Production 3.71 0 23.82 16.94 7.41 0 16.24 16.04 0 84.17 

Exports 0 -0.75 0 0 0 0 0 0 0 -0.75 

Imports 27.52 70.68 2.35 0 0 0 0 0 0.13 100.67 

Coal Production 0 0 -1.18 0 0 0 0 0 0 -1.18 

Crude Oil Production -0.09 0 0 0 0 0 0 0 0.09 0 

Gas Production 0 0 0 0 0 0 0 0 0 0 

Oil Refining -31.13 29.98 0 0 0 0 0 0 0.3 -0.85 

0 -26.21 Electricity Generation 0 -30.26 -9.75 -1.31 -7.41 22.52 0 0 

Transmission and Distribution 0 0 -0.64 -1.09 0 

Rural Households 0 0.18 0 2.28 0 2.18 7.25 13.58 0.17 25.64 

Urban Households 0 0.1 0 8.53 0 2.39 0.2 2.45 0.22 13.88 

0 13.46 

Industry 0 28.46 14.6 2.35 0 7.86 8.79 0.01 0 62.07 

0 0 31.68 

Commercial 0 0.38 0 1.38 0 0.97 0 0 0.13 2.86 

Agriculture 0 8.85 0 0 0 4.62 0 0 

Transport 0 31.68 0 0 0 0 0 

TABLE  A1-8 
ENERGY DEMAND FORECAST BY 

                                 SECTORS—BASE CASE Residential & Commercial  21.50 26.52 47 35.45 38 42.39 26 2 

Industry 10.76 17.11 30 32.28 35 62.07 41  6

Transport 4.64 10.10 18 18.71 20 31.68 21  7
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Category 
Crude 

Oil 
Petroleum 
Products 

Coal/ 
Coke 

Natural 
Gas 

Hydel/ 
Nuclear Electricity 

Non-wood 
Biomass 

Wood 
Fuel 

Liquified 
Petroleum 

Gas 
Total 

0 -4.5 0 0 -6.24 

Primary Supplies 31.23 69.93 26.17 16.94 7.41 0 16.24 16.04 0.13 184.09 

Final Consumption 0 69.65 14.6 14.53 0 18.02 16.24 16.04 0.52 149.61 

Total 0 69.65 14.6 14.53 0 18.02 16.24 16.04 0.52 149.61 

Year 
1991 2000 2010 2020 ACGR 

mtoe mtoe 
percent 

share mtoe 
percent 
share mtoe 

percent 
share percent 

Agriculture  1.60 3.10 5 6.45 7 13.46 9 8 

Total 38.51 56.81 100 92.89 100 149.61 100 5 
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Electricity 2.56 7 4.21 7 8.78 9 18.02 12

Natural Gas 6.18 16 11.44 20 12.18 13 14.53 10 

HOBC 0.26 1 0.17 0 0.58 1 1.16 1 

Aviation Fuel 0.52 1 0.69 1 0.77 1 0.86 1 

Kerosene 0.99 3 0.55 1 0.63 1 0.66 0 

Diesel 4.13 11 9.70 17 18.69 20 32.54 22 

Furnace Oil 1.12 3 1.66 3 12.73 14 27.72 19 

Liquefied Petroleum Gas 0.12 0 0.21 0 0.36 0 0.52 0 

Gasoline 0.87 2 2.17 4 3.69 4 6.69 4 

Coal/Coke 1.99 5 2.66 5 5.76 6 14.80 10 

Noncommercial Fuels 19.77 51 23.35 41 28.73 31 32.28 22 

Electricity 0.89 8 1.54 9 3.43 11 7.86 13 8

Natural Gas 4.48 42 8.05 47 4.76 15 2.35 4 -2

Diesel 0.08 1 0.13 1 0.31 1 0.76 1 8

Furnace Oil 1.04 10 1.64 10 12.71 39 27.70 45 12

Coke/Coal 1.99 19 2.66 16 5.76 18 14.60 24 7

Noncommercial Fuels 2.26 21 3.10 18 5.32 16 8.79 14 5

Gasoline 1.13 25 2.34 23 4.26 23 7.86 25 7 

Aviation Fuel 0.52 11 0.69 7 0.77 4 0.864 3 2 

Diesel 2.91 64 7.05 70 13.65 73 22.93 72 7 

Electricity 0.46 29 0.57 18 1.71 27 4.62 34 8 

Diesel 1.14 71 2.52 82 4.74 73 8.85 66 7 

PAKISTAN 

ENERGY 

TABLE A1-9 
ENERGY DEMAND FORECAST 

FUEL–BASE CASE 

BY 

TABLE A1-10  
INDUSTRY SECTOR ENERGY 

FUEL-BASE CASE 

DEMAND BY 

TABLE A1-11 
TRANSPORT SECTOR ENERGY 

DEMAND BY 

FUEL-BASE CASE 

TABLE A1-12  
AGRICULTURE SECTOR ENERGY 

DEMAND BY 

FUEL—BASE CASE 
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Year 
1991 2000 2010 2020 

mtoe percent 
share 

mtoe percent 
share 

mtoe percent 
share 

mtoe percent 
share 

Total 38.51 100 56.81 100 92.89 100 149.61 100 

Year 
1991 2000 2010 2020 ACGR 

mtoe percent 
share 

mtoe percent 
share 

mtoe percent 
share 

mtoe percent 
share 

percent 

Total 10.76 100 17.12 100 62.28 100 62.07 100 6

Year 

1991 2000 2010 2020 ACGR 

mtoe percent 
share 

mtoe percent 
share 

mtoe percent 
share 

mtoe percent 
share 

percent 

Total 4.56 100 10.07 100 18.69 100 31.65 100 7 

Year 
1991 2000 2010 2020 ACGR 

mtoe percent 
share 

mtoe percent 
share 

mtoe percent 
share 

mtoe percent 
share 

percent 

Total 1.60 100 3.09 100 6.45 100 13.46 100 8 
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TABLE A1-13  
RESIDENTIAL AND

COMMERCIAL SECTOR 

ENERGY DEMAND BY 

FUEL-BASE CASE 

TABLE A1-14 
ENERGY RESERVES 

TABLE A1-15 
PRIMARY ENERGY SUPPLY 

FORECAST - BASE CASE 

TABLE A1 -1 6 
CAPACITY FOR ENERGY 

TRANSFORMATION - BASE CASE 

(OIL REFINERIES, GAS 

PROCESSING AND POWER 

GENERATION) 

TABLE A1 -1 7 
ELECTRICITY GENERATION BY 

FUEL TYPE - BASE CASE 
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ENERGY 

 mtoe percent mtoe percent mtoe percent mtoe percent percent 
share share share share 

Electricity  1.19 6 2.10 8 3.63 10 5.53 13 5

Natural Gas  1.70 8 3.39 13 7.42 21 12.19 29 7

Kerosene   0.99 5 0.556 2 0.63 2 0.67 2 -1

Liquefied Petroleum Gas 0.12 1 0.21 1 0.36 1 0.52 1 5

Noncommercial Fuels 17.50 81 20.26 76 23.41 66 23.49 55 1

Lignite, mt 2,928 185,000 185,000 185,000 

Natural Gas, TCF 30.22 40 1,443 1,443 

 mtoe percent mtoe percent mtoe percent mtoe percent percent 
share share share share 

Natural Gas 10.68 24 18.61 28 15.35 14 16.94 9 2 

Oil 11.02 24 19.81 30 52.50 48 101.23 55 8 

Coke/Coal 2.20 5 3.15 5 8.02 7  26.17 14 9 

Noncommercial Fuels 19.77 44 23.35 35 28.73 26 32.28 18 2 

Hydel 1.48 3 1.89 3 4.69 4 6.56 4 5 

Nuclear 0.09 0 0.28 0 0.40 0 0.86 0 8 

Oil Refining, mt/yr  7.20 7.84 27.89 28.89 

Power Generation, MW  8,910 18,120 31,930 52,660 

GWh percent GWh  percents GWh percent GWh percent 
share share share 

Hydel 18,209 45 23,181 34 57,574 42 80,522 29 

3,679 1 Nuclear 383 1 1,148 2 1,708 1

4 40,467 15 Coal 27 0 621 1 5,395 

6,423 2 Gas 13,099 32 27,157 39 11,080 8 

Furnace  Oil 8,377 21 16.674 24 62,264 45 145,333 53 

High-speed Diesel 749 2 119 0 105 0 105 0 

PAKISTAN 

Year 

1991 2000 2010 2020 ACGR 

Total 21.50 100 26.52 100 35.45 100 42.39 100 2 

Energy Source Proven 
Reserves 

Probable 
Reserves 

Possible 
Reserves Total 

Hydel Potential, MW 38,000 Identified 38,000 40,000 38,000 

Crude Oil, billion bbl 0.558 13.2 404 404 

Year 
1991 2000 2010 2020 ACGR 

Total 45.25 100 67.08 100 109.69 100 184.09 100 5 

Year 1991 2000 2010 2020 

Gas Processing, mmscfd 1252 2181 1800 1986 

Year 

1991 2000 2010 2020 

Total 40,844 100 68,900 100 138,126 100 276,529 100 
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mtoe percent mtoe percent mtoe percent mtoe percent 
share share share share 

Natural Gas 3.66 48 6.31 49 2.26 10 1.31 3 

Diesel 0.26 4 0.03 0 0.03 0 0.03 0 

Furnace Oil 2.05 27 4.24 33 14.19 62 30.21 62 

Coal 0 0 0.16 1 1.33 6 9.75 20 

Hydel 1.48 20 1.89 15 4.69 20 6.56 13 

Nuclear 0.10 1 0.28 2 0.40 2 0.86 2 

million percent million percent million percent million percent 
tonnes share tonnes share tonnes share tonnes share 

Residential 8.22 11 11.99 9 21.77 9 32.35 7

Agriculture 3.55 5 7.86 6 14.75 6 27.53 6

Industry 19.81 27 30.33 23 68.80 28 152.27 32

Transport 14.33 20 31.53 24 58.72 24 99.19 21

Commercial 2.42 3 2.11 2 3.25 1 4.88 1

Power 16.57 23 30.11 23 57.57 24 142.60 30

Fugitive 7.59 10 15.56 12 19.90 8 22.90 5 

million percent million percent million percent million percent 
tonnes share tonnes share tonnes share tonnes share 

Noncommercial fuels 3.16 4 3.55 3 3.99 2 3.97 1 

Coal 8.25 11 11.61 9 29.34 12 100.83 21 

Furnace Oil 10.38 14 19.28 15 87.39 36 188.44 39 

Diesel 14.37 20 31.96 25 61.39 25 106.29 22 

Natural Gas 27.19 38 51.48 40 41.88 17 51.04 11 

Gasoline 2.77 4 5.80 4 10.73 4 20.20 4 

Other Fuels 6.37 9 5.79 4 10.05 4 10.96 2 

million percent million percent million percent million percent 
tonnes share tonnes share tonnes share tonnes share 

Rural Households      1.31 3 1.55 2 3.51 2 6.58 2

Urban Households            3.75  8 6.89 9 14.27 9 21.80 7 

Agriculture      3.55 8 7.86 10 14.75 9 27.53 9 

Industry 19.81 44 30.33 38 68.80 42 152.27 49 

Transport 14.33 32 31.53 39 58.72 36 99.19 32 

Commercial 2.42 5 2.11 3 3.25 2 4.88 2 

PAKISTAN 

ENERGY 

TABLE A1-18 
FUEL INPUT FOR ELECTRICITY 

GENERATION Ð BASE CASE 

TABLE A1-19 
EMISSIONS IN CARBON DIOXIDE 

EQUIVALENT BY SECTORS Ð BASE 

CASE 

TABLE A1-20 
EMISSIONS IN CARBON DIOXIDE 

EQUIVALENT BY FUEL TYPES – 
BASE CASE 

TABLE A1-21 
CARBON DIOXIDE EMISSIONS 

SECTORS Ð BASE CASE 

FOR DEMAND-SIDE 
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Year 

1991 2000 2010 2020 

Total 7.57 100 12.91 100 22.91 100 48.74 100 

Year 

1991 2000 2010 2020 

Total 72.49 100 129.49 100 244.76 100 481.72 100 

Year 
1991 2000 2010 2020 

Total 72.49 100 129.47 100 244.77 100 481.72 100

Year 

1991 2000 2010 2020 

Total 48.17 100 80.26 100 163.31 100 312.25 100 
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TABLE A1-22
CARBON DIOXIDE EMISSIONS

FOR RURAL HOUSEHOLDS —

BASE CASE 

TABLE A1 -23 
CARBON DIOXIDE EMISSIONS 

FOR URBAN HOUSEHOLDS —
BASE CASE 

TABLE A1-24 
CARBON DIOXIDE EMISSIONS 

FOR AGRICULTURE SECTOR —
BASE CASE 

TABLE A1 -25 
CARBON DIOXIDE EMISSIONS 

FOR INDUSTRY SECTOR — BASE 

CASE 

TABLE A1-26 
CARBON DIOXIDE EMISSIONS 

FOR TRANSPORT SECTOR Ñ BASE 

CASE
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ENERGY 

kt percent kt percent percent kt percent 
share share kt share share 

High Income 315.99 24 462.07 30 1,754.16 50 3,853.78 59

Middle Income 729.21 55 732.35 47 1,146.82 33 1,890.07 29 

Low Income 269.37 20 350.89 23 608.35 17 833.26 13 

million percent million percent million percent million percent 
tonnes share tonnes share tonnes share tonnes share 

High Income 1.51 40 3.15 46 6.82 48 10.04 46 

Middle Income 1.97 53 3.06 44 5.77 40 8.72 40 

Low Income 0.26 7 0.69 10 1.68 12 3.04 14 

million percent million percent million percent million  percent 
tonnes share tonnes share tonnes share tonnes share 

Irrigation 0.86 24 2.11 27 3.59 24 5.87 21 

Land Preparation 2.69 76 5.74 73 11.16 76 21.66 79 

million percent million percent million percent million percent 
tonnes share tonnes share tonnes  share tonnes share 

Food & Beverages 1.11 6 1.52 5 2.50 4 4.14 3 

Textile 2.24 11 4.29 14 12.53 18 28.62 19 

Iron & Steel 3.87 20 5.03 17 9.75 14 18.90 12 

Chemicals 0.45 2 0.85 3 2.38 3 5.54 4 

Fertilizer 2.06 10 4.11 14 7.27 11 9.32 6 

Nonmetallic Minerals 7.07 36 11.18 37 21.45 31 40.49 27 

Others 3.01 15 3.34 11 12.92 19 45.26 30 

million percent million percent million percent million percent 
tonnes share  tonnes share tonnes share tonnes share 

Road Vehicles (private) 2.44 17 4.71 15 7.92 13 15.63 16

Road Vehicles (public) 9.53 67 24.20 77 47.75 81 80.04 81 

Railways 0.78 5 0.52 2 0.71 1 0.89 1 

Air 158 11 209 7 2.34 4 263 3 

PAKISTAN 

Year 

1991 2000 2010 2020 

Total 1,314.57 100 1,545.31 100 3,509.32 100 6,577.11  100 

Year 
1991 2000 2010 2020 

Total 3.75 100 6.89 100 14.27 100 21.80 100 

Year 
1991 2000 2010 2020 

Total 3.55 100 7.86 100 14.75 100 27.53 100 

Year 
1991 2000 2010 2020 

Total 19.81 100 30.33 100 68.80 100 152.27 100 

Year 
1991 2000 2010 2020 

Total 14.33 100 31.53 100 58.72 100 99.19 100 
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kt percent kt percent kt percent kt percent 
share share share share 

All Subsectors 2,415.64 100 2,111.50 100 3,250.03 100 4,881.83 100 

kt percent kt percent kt percent kt percent 
share share share share 

Rural Households 135.69 90 151.82 90 173.57 91 176.63 93 

Urban  Households 14.83 100 17.46 10 16.51 9 12.51 7 

0 0  0 0  0 0  Industry 0 0 

Transport 0.08 0 0.09 0 011 0 0.13 0 

Commercial 0.13 0 0.07 0 0.10 0 0.15 0 

million
tonnes

Coal 0.04 0 0.66 2 5.55 9 40.50 27 

Diesel 0.85 5 0.12 0 0.11 0 0.11 0 

Furnace Oil 6.71 37 13.87 44 46.38 74 98.79 67 

Natural Gas 8.97 50 15.47 49 5.53 9 3.21 2 

ARL, Rawalpindi 0.24 1 0.25 1 0.31 0 0.31 0 

PRL, Karachi 0.09 0 0.12 0 0.12 0 0.12 0 

NRL, Karachi 0.35 2 0.40 1 0.40 1 0.40 0 

Dhodak 0 0 0.02 0 0.03 0 0.03 0 

NIOC, Karachi 0 0 0 0 0.84 1 1.01 1 

PARCO, Multan 0 0 0 0 1.01 2 1.01 1 

South Refinery 0 0 0 0 0.76 1 0.76 1 

Sindh Refinery 0 0 0 0 0.42 1 0.42 0 

North Petroleum 0 0 0 0 0.28 0 0.28 0 
Refinery 

All Wells 0.81 4 0.69 2 0.76 1 0.69 0 

PAKISTAN 

ENERGY 

TABLE A1 -27 
CARBON DIOXIDE EMISSIONS 

FOR COMMERCIAL SECTOR —
BASE CASE 

TABLE A1-28 
METHANE EMISSIONS FOR ALL 

BASE CASE 

DEMAND SIDE SECTORS —

TABLE A1 -29 
CARBON DIOXIDE EMISSIONS 

FOR SUPPLY SIDE SECTORS —
BASE CASE 
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Year 

1991 2000 2010 2020 

Total 2,415.64 100 2,111.50 100 3,250.03 100 4,881.83 100 

Year 
1991 2000 2010 2020 

Total 150.73 100 169.44 100 190.29 100 189.42 100 

Year 

1991 2000 2010 2020 

Electricity Generation 

Oil Refining 

Crude Oil Production 

Total 18.06 100 31.60 100 62.50 100 147.64 100 

percent
share

million
tonnes

percent
share

million
tonnes

percent
share

million
tonnes

percent
share
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TABLE A1 -30 
MITIGATION SCENARIO ENERGY 

BALANCE 2000, MTOE 

ENERGY 

10.27 13.08 0 49.83Indigenous Production  3.33 0 2.38 18.61 2.16 0 

Exports 0 -0.17 0 0 0 0 0 0 0 -0.17

Imports 5.12 11.47 0.78 0 0 0 0 0 0.06 17.43

Coal Production 0 0 -0.24 0 0 0 0 0 0 -0.24

Crude Oil Production -0.09 0 0 0 0 0 0 0 0.09 0

Gas Production 0 0 0 0 0 0 0 0 0 0

Oil Refining -8.35 7.92 0 0 0 0 0 0 0.06 -0.38

Electricity Generation 0 -4.28 -0.16 -6.31 -2.16 5.61 0 0 0 -7.28

Transmission and Distribution 0 0 -0.08 -0.86 0 -1.4 0 0 0 -2.36

Rural Households 0 0.29 0 0.22 0 0.81 6.33 10.82 0.06 18.52

Urban Households 0 0.09 0 2.59 0 0.85 0.85 2.25 0.1 6.73

Agriculture 0 2.52 0 0 0 0.57 0 0 0 3.09

3.09 0 0 17.11Industry 0 1.77 2.66 8.05 0 1.54 

0 0 10.09

Commercial 0 0.17 0 0.58 0 0.45 0 0 0.06 1.26

Transport 0 10.09 0 0 0 0 0 

PAGE 212 PAKISTAN 

    Category Crude 
Oil 

Petroleum 
Products 

Coal/ 
Coke 

Natural 
Gas 

Hydel/ 
Nuclear Electricity Non-wood 

Biomass 
Wood 
Fuel 

Liquified 
Petroleum 

Gas 
Total

Primary Supplies 8.45 11.3 3.15 18.61 2.16 0 10.27 13.08 0.06 67.08

Final Consumption 0 14.93 2.66 11.4 0 4.21 10.27 13.08 0.21 56.81

Total Demand 0 14.93 2.66 11.44 0 4.21 10.27 13.08 0.21 56.81
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TABLE A1-31 
MITIGATION SCENARIO ENERGY 

BALANCE 2010, MTOE 

Indigenous Production 3.72 0 5.86 16.38 4.81 0 12.88 15.5 0.11 0 0 59.26 

Exports 0 -1.98 0 0 0 0 0 0 0 0 0 -1.98 

Imports 26.44 5.53 1.16 9.22 0 0 0 0 0 0.05 0.07 42.47 

Coal Production 0 0 -0.59 0 0 0 0 0 0 0 0 -0.59 

Crude Oil Production -0.1 0 0 0 0 0 0 0 0 0.1 0 0 

Gas Production 0 0 0 0 0 0 0 0 0 0 0 0

0 -0.83 Oil Refining -30.05 29.01 0 0 0 0 0 0 0 0.2 

Electricity Generation 0 -8.57 -0.69 -4.4 -4.81 9.52 0 0 -0.02 0 -0.07 -9.05 

Transmission and Distribution 0 0 -0.23 -0.85 0 -1.57 0 0 0 0 0 -2.64 

Rural  Households 0 0.28 0 0.93 0 1.37 7.27 13.05 0.03 0.12 0 23.04 

Urban Households 0 0.09 0 5.45 0 1.41 0.65 2.44 0.06 0.15 0 10.25 

Agriculture 0 3.48 0 0 0 1.54 0 0 0 0 0 5.02 

Industry 0 4.08 5.5 13.06 0 3 4.96 0.01 0 0 0 30.62 

Transport 0 15.8 0 0 0 0 0 0 0 0 0 15.81 

Commercial 0 0.26 0 0.92 0 0.83 0 0 0 0.09 0 1.9 

PAKISTAN      PAGE 213 

30.15 3.55 7.01 25.6 4.81 0 12.88 15.5 0.11 0.05 Primary Supplies 0.04 99.74 

Final Consumption 0 24 5.51 20.35 0 7.95 12.88 15.5 0.09 0.36 0 86.63 

Total Demand 0 24 5.51 20.35 0 7.95 12.88 15.5 0.09 0.36 0 86.63 

Category Crude 
Oil 

Petroleum 
Products 

Coal/ 
Coke 

Natural 
Gas 

Hydel/ 
Nuclear 

Electricity Non-wood 
Biomass 

Wood 
Fuel 

Wind/ 
Solar 

Liquified 
Petroleum 

Gas 
Waste 
Gas Total 
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TABLE A1-32 
MITIGATION SCENARIO ENERGY 

BALANCE 2020, MTOE 

Indigenous Production 3.71 0 19.01 16.97 7.42 0 15.52 16.04 0.24 0 0 78.9 

Exports 0 -1.09 0 0 0 0 0 0 0 0 0 -1.09 

Imports 27.52 32.06 2.22 20.09 0 0 0 0 0 0.13 0.1 82.11 

Coal Production 0 0 -0.95 0 0 0 0 0 0 0 0 -0.95 

Crude Oil Production -0.09 0 0 0 0 0 0 0   0 0.09   0                 0

Gas Production 0 0 0 0 0 0 0 0 0 0 0 0

0 -0.85 Oil Refining -31.13 29.98 0 0 0 0 0 0 0 0.3

Electricity Generation 0 -19.93 -5.89 -4.12 -7.42 19.12 0 0 -0.05 0 -0.08 -18.39 

Transmission and Distribution 0 0 -0.61 -0.99 0 -3.13 0 0 0 0 0 -4.73 

Rural Households 0 0.18 0 2.18 0 2 7.25 13.58 0.08 0.17 0 25.44 

0.2 2.45 0.11 0.22 0 13.59 Urban Households 0 0.1 

Agriculture 0 5.86 0 0 0 4.04 0 0 0 0 0 9.9 

Industry 0 9.05 13.78 20.03 0 6.85 8.06 0.01 0 0 0 57.79 

0 8.36 0 2.16 

Transport 0 25.43 0 0 0 0 0 0 0 0 0 25.43 

Commercial 0 0.38 0 1.38 0 0.94 0 0 0 0.13 0 2.83 

TABLE A1-33 
ENERGY DEMAND BY SECTORS —

COMBINED MITIGATION CASE 
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 mtoe percent mtoe percent mtoe percent mtoe percent 
share share share share 

Residential and Commercial 21.50 56 26.52 47 35.18 41 41.87 31 

7 Agriculture 1.60 4 3.09 5 5.02 

Industry 10.76 28 17.11 30 30.62 35 57.79 43 

Transport 4.56 12 10.07 18 15.78 18 25.41 19 

6 9.90 

PAKISTAN 

Category 
Crude 

Oil 
Petroleum 
Products 

Coal/ 
Coke 

Natural 
Gas 

Hydel/ 
Nuclear 

Electricity 
Non-wood 
Biomass 

Wood 
Fuel 

Wind/ 
Solar 

Liquified 
Petroleum 

Gas 

Waste 
Gas Total 

Primary Supplies 31.23 30.96 21.23 37.05 7.42 0 15.52 16.04 0.24 0.13 0.1 159.92 

Final Consumption 0 41.01 13.78 31.95 0 15.98 15.52 16.04 0.19 0.52 0 134.99 

Total Demand 0 41.01 13.78 31.95 0 15.98 15.52 16.04 0.19 0.52 0 134.99 

Year 
1991 2000 2010 2020 

Total 38.42 100 56.79 100 86.61 100 134.96 100 
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mtoe percent mtoe percent mtoe percent mtoe percent 
share percent share share share 

Electricity 2.56 7 4.21 7 7.95 9 15.98 12 7 

Natural Gas 6.18 16 11.44 20 20.35 23 31.95 24 6 

Gasoline 1.13 3 2.34 4 3.49 4 6.04 4 6 

Aviation Fuel 0.52 1 0.69 1 0.77 1 0.66 1 2  

Kerosene 0.99 3 0.55 1 0.63 1 0.66 0 -1 

Diesel 4.13 11 9.70 17 15.31 18 25.13 19 6 

Furnace Oil 1.12 3 1.66 3 3.80 4 8.31 6 7 

Liquified Petroleum Gas 0.12 0 0.21 0 0.36 0 0.52 0 5 

Coal/Coke 1.99 5 2.66 5 5.51 6 13.78 10 7 

Norcommercial Fuels 19.77 51 23.35 41 28.38 33 31.56 23 2 

Solara 0 0  0 0 0.09 0 0.19 0 18 

The ACGR for solar energy is for the period 2005-2020 

29 0.57 18 1.54 31 4.04 41 8 Electricity 0.46 

Diesel 1.14 71 2.52 82 3.48 69 5.86 59 6 

mtoe percent mtoe percent 
share percent mtoe percent mtoe percent 

share share share 

Electricity 0.90 8 1.54 9 3.00 10 6.85 12 7 

Natural Gas 4.48 42 8.05 47 13.06 43 20.03 35 5 

Diesel 0.08 1 0.13 1 0.30 1 0.76 1 8 

Furnace Oil 1.04 10 1.64 10 3.78 12 8.29 14 7 

Coal/Coke 1.99 19 2.66 16 5.50 18 13.78 24 7 

Noncommercial Fuels 2.26 21 3.10 18 4.97 16 8.07 14 4 

mtoe percent mtoe percent mtoe share share 

Gasoline 1.13 25 2.34 23 3.49 22 6.04 24 6 

Aviation Fuel 0.52 11 0.69 7 0.77 5 0.86 3 2 

Diesel 2.91 64 7.05 70 11.52 73 18.50 73 7 

PAKISTAN 

ENERGY 

TABLE A1 -34 
ENERGY DEMAND BY FUEL —
COMBINED MITIGATION CASE 

TABLE A1 -35 
AGRICULTURE SECTOR 

ENERGY DEMAND BY FUEL — 
COMBINED MITIGATION CASE 

TABLE A1 -36 
INDUSTRY SECTOR ENERGY 

DEMAND BY FUEL - COMBINED 

MITIGATION CASE 

TABLE A1-37 
TRANSPORT SECTOR ENERGY 

DEMAND BY FUEL — COMBINED 

MITIGATION CASE 
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Year 
1991 2000 2010 2020 ACGR 

Total 38.51 100 56.81 100 86.63 100 134.99 100 4 

Year 
mtoe percent 

share mtoe percent 
share 

mtoe percent 
share 

mtoe percent 
share 

percent 

1991 2000 2010 2020 ACGR 

Total 1.60 100 3.09 100 5.02 100 9.90 100 6 

Year 
1991 2000 2010 2020 ACGR 

Total 10.76 100 17.11 100 30.62 100 57.79 100 6 

percent 
share mtoe percent 

share percent 
Year 

1991 2000 2010 2020 ACGR 

Total 4.56 100 10.07 100 15.78 100 25.41 100 6 

a
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TABLE A1 –38

COMMERCIAL SECTORS

ENERGY DEMAND BY FUEL —

COMBINED MITIGATION

SCENARIO

RESIDENTIAL AND

TABLE A1–39
PRIMARY ENERGY SUPPLY

PROJECTIONS — COMBINED

MITIGATION CASE

TABLE A1-40 
CAPACITY OF ENERGY 

TRANSFORMATION— COMBINED 

MITIGATION CASE (OIL 

REFINERIES, GAS PROCESSING 

AND POWER GENERATION) 

TABLE A1 -41 
ELECTRICITY GENERATION BY 

FUEL — COMBINED MITIGATION 

CASE 
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ENERGY 

mtoe percent mtoe percent mtoe percent mtoe percent percent 
share share share 

Electricity 1.20 6 2.10 8 3.41 10 5.09 12 5 

Natural Gas 1.70 8 3.39 13 7.29 21 11.91 28 7 

Kerosene 0.99 5 0.55 2 0.63 2 0.66 2 -1 

Liquefied Petroleum Gas 0.12 1 0.21 1 0.36 1 0.52 1 5 

Noncommercial Fuels 17.50 81 20.26 76 23.41 67 23.48 56 1 

Solara 0 0 0 0 0.09 0 0.19 0 18 

The ACGR for solar energy is for the period 2005-2020. 

ktoe percent ktoe percent ktoe percent ktoe percent 
share share share share 

OiI 11,018 24 19,810 30 33,750 33.8 62,315 39.0

Gas 10,683 24 18,606 28 25,605 25.7 37,053 23.2

Coal 2,201 5 3,153 5 7,013 7.0 21,230 13.3

Hydel 1,581 3 2,163 3 4,812 4.8 7,423 4.6

Noncommercial Fuels 19,765 44 23,353 35 28,382 28.5 31,558 19.7

Wind/Solar 0 0 0 0 112 0.1 239 0.1

Waste Gas 0 0 0 0 69 0.1 99 0.1

7.20 7.84 27.89 28.89 Oil Refining, mt/yr 

Power Generation, MW 8910 18120 32030 52830 

GWh percent GWh percent GWh percent GWh percent 
share share share share 

Hydel 18,209 44 23,181 34 54,453 47 80,522 34 

Nuclear 383 1 1,148 2 1,603 1 3,679 2 

Coal 27 0 621 1 2,725 2 24,343 10 

Gas 13,099 32 27,157 39 19,551 17 19,597 8 

Furnace Oil 8,377 21 16,674 24 37,946 33 105,658 45 

Diesel 749 2 119 0 99 0 105 0 

Waste Energy 0 0 0 0 314 0 462 0 

0 0 76 0 158 0 Wind Power 

Solar Photovoltaics 0 0 0 0 29 0 61 0 

0 0 49 0 105 0 Mini/micro Hydel 

0 0 

0 0 

PAKISTAN 

share 
Year 

1991 2000 2010 2020 ACGR 

Total 21.50 100 26.52 100 35.18 100 41.87 100 2 

Year 
1991 2000 2010 2020 

Total 45,248 100 67,084 100 99,744 100 159,917 100 

Base Year 
1991 2000 2010 2020 

Gas Processing, mmscfd 1252 2181 3002 4344 

Year 
1991  2000 2010 2020 

Total 40,844 100 68,900 100 116,845 100 234,690 100 

a
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percentmtoe

Natural Gas 3.66 48 6.31 49 4.41 24 4.12 11 

Diesel 0.27 4 0.04 0 0.03 0 0.03 0 

Fumace Oil 2.04 27 4.24 33 8.54 46 19.90 53 

Coal 0 0 0.16 1 0.69 4 5.89 16 

Wind 0 0 0 0 0.02 0 0.04 0 

Solar 0 0 0 0 0 0 0.01 0 

Hydel 1.48 20 1.89 15 4.44 24 6.56 18 

Nuclear 0.01 1 0.28 2 0.37 2 0.86 2 

Methane 0 0 0 0 0.07 0 0.10 0 

million percent million percent million percent million percent 
tonnes share tonnes share tonnes share tonnes share percent 

Noncommercial Fuels 3.16 4 3.55 3 3.99 2 3.97 1  1 

Natural Gas 27.19 38 51.48 40 72.09 34 107.57 27 5 

Diesel 14.37 20 31.96 25 50.33 24 82.18 21 6 

Furnace Oil 10.38 14 19.28 15 40.32 19 92.20 23 8 

Coal/Coke 8.25 11 11.61 9 25.61 12 81.40 21 8 

Gasoline 2.77 4 5.80 4 8.86 4 15.69 46   6 

Other 6.37 9 5.79 4 10.05 5 10.96 32   2 

million percent million percent million percent million percent 
tonnes share tonnes share tonnes share tonnes share 

Residential 8.22 11 11.99 9 21.45 10 31.69 8 

Agriculture 3.55 5 7.86 6 10.84 5 18.24 5 

Industry 19.81 27 30.33 23 59.56 28 129.89 33 

Transport 14.33 20 31.53 24 49.71 24 79.85 20 

Commercial 2.42 3 2.11 2 3.25 2 4.88 1 

Power 16.57 23 30.11 23 47.65 23 108.25 27 

Fugitive 7.59 10 15.56 12 18.78 9 21.17 5 

PAKISTAN 

ENERGY 

TABLE A1-42 
FUEL INPUT FOR ELECTRICITY 

GENERATION — COMBINED 

MITIGATION CASE 

TABLE A1 -43 
CARSON DIOXIDE EMISSIONS BY 

FUEL — COMBINED MITIGATION 

CASE 

TABLE A1-44 
CARBON DIOXIDE EMISSIONS BY 

MITIGATION SCENARIO 

SECTORS — COMBINED 
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Year 
1991  2000 2010 2020 

Total 7.57 100 12.91 100           18.57                100           37.51               100 

Year 

1991 2000 2010 2020 ACGR 

Total 72.49 100        129.47         100         211.24           100        393.97             100          6  

Year 
1991 2000 2010 2020 

Total 72.49 100 129.47 100 211.24 100 393.97 100 

share
percentmtoe share

percentmtoe share
percentmtoe share
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TABLE A1-45 
CARBON DIOXIDE EMISSIONS 

FOR DEMAND SIDE SECTORS —

COMBINED MITIGATION 

SCENARIO 

TABLE A 1  -46 
CARBON DIOXIDE EMISSIONS 

FOR RURAL HOUSEHOLDS —

COMBINED MITIGATION 

SCENARIO 

TABLE A1 -47 
CARBON DIOXIDE EMISSIONS 

FOR URBAN HOUSEHOLDS —

COMBINED MITIGATION 

SCENARIO 

TABLE A1 -48 
CARBON DIOXIDE EMISSIONS 

FOR AGRICULTURE SECTOR —

SCENARIO 

COMBINED MITIGATION 

TABLE A1 -49 
CARBON DIOXIDE EMISSIONS 

FOR INDUSTRY SECTOR —

COMBINED MITIGATION 

SCENARIO 
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ENERGY 

million percent million percent million percent million percent 
tonnes share tonnes share tonnes share tonnes share 

Rural Households 1.31 3 1.55 2 3.42 2 6.33 2 

Urban Households 3.75 8 6.89 9 14.03 10 21.38 8 

Agriculture 3.55 8 7.86 10 10.84 8 18.24 7 

Industry 19.81 44 30.33 38 59.56 42 129.89 50 

Transpot 14.33 32 31.53 39 49.71 35 79.85 31 

Commercial 2.42 5 2.11 3 3.25 2 4.88 2 

 kt percent kt percent kt percent kt percent 
share share share share 

High Income 315.99 24 462.07 30 1,695.63 50 3,698.74 58 

Middle Income 729.21 55 732.35 47 1,126.66 33 1,817.83 29 

Low Income 269.37 20 350.89 23 600.13 18 815.14 13 

million percent million percent million percent million percent 
tonnes share tonnes share tonnes share tonnes share 

High Income 1.51 40 3.15 46 6.61 47 9.66 45 

Middle Income 1.97 53 3.06 44 5.74 41 8.69 41 

Low Income 0.26 7 0.69 10 1.68 12 3.04 14 

million percent million percent million percent million percent 
tonnes share tonnes share tonnes share tonnes share 

lrrigation 0.86 24 2.11 27 3.02 28 4.7 26 

Land Preparation 2.69 76 5.74 73 7.81 72 13.54 74 

million percent million percent million percent million percent 
tonnes share tonnes share tonnes share tonnes share 

Food & Beverages 1.11 6 1.52 5 2.48 4 4.05 3 

Textile 2.24 11 4.29 14 9.15 15 20.56 16 

Iron & Steel 3.87 20 5.03 17 8.26 14 15.82 12 

Chemicals 0.45 2 0.85 3 2.08 3 4.78 4 

Fertilizer 2.06 10 4.11 14 6.24 10 7 5 

Nonmetallic 7.07 36 11.18 37 19.31 32 36.02 28 
Minerals 

Others 3.01 15 3.34 11 12.04 20 41.65 32 

PAKISTAN 

Year 
1991 2000 2010 2020 

Total 45.17 100 80.26 100 140.82 100 260.58 100 

Year 
1991 2000 2010 2020 

Total 1,314.57 100 1,545.31 100 3,422.42 100 6,331.7 100 

Year 
19941 2000 2010      2020 

Total 3.75 100 6.89 100 14.03 100 21.38 100 

Year 
1991 2000 2010 2020 

Total 3.55 100 7.86 100 10.84 100 18.24 100 

Year 

1991      2000 2010 2020 

Total 19.81 100 30.33 100 59.56 100 129.89 100 
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million percent million percent million percent million percent 
tonnes share tonnes share tonnes share tonnes share 

Road Vehicles (private) 2.44 17 4.71 15 6.8 14 12.77 16 

Road Vehicles (public) 9.53 67 24.2 77 39.86 80 63.56 80 

Railways 0.78 5 0.52 2 0.71 1 0.89 1 

Air 1.58 11 2.09 7 2.34 5 2.63 3 

kt percent kt percent kt percent kt percent 
share share share share 

All-end Uses 2,415.64 100 2,111.5 100 3,250.03 100 4,881.83 100 

 kt  percent kt percent kt percent kt percent 
 share share share   share 

Rural Households 135.69 90 151.82 90 173.57 91 176.63 93 

Urban Household 14.83 10 17.46 10 16.51 9 12.51 7 

Industry 0 0 0 0  0 0 0           0 

Transport 0.08 0 0.09 0 0.11 0 0.13 0 

Commercial 0.13 0 0.07 0 0.1 0 0.15 0 

million  percent  million percent million percent million percent 
tonnes share tonnes share tonnes share tonnes share 

Coal 0.04 0 0.66 2 2.88 5 24.45 22 

Diesel 0.85 5 0.12 0 0.1 0 0.11 0 

Natural Gas 8.97 50 15.47 49 10.8 21 10.09 9 

Fumace Oil 6.71 37 13.87 44 27.89 53 65.02 57 

Waste 0 0 0 0 5.98 11 8.58 8 

ARL, Rawaipindi 0.24 1 0.25 1 0.31 1 0.31 0 

PRL, Karachi 0.09 0 0.12 0 0.12 0 0.12 0 

NRL, Karachi 0.35 2 0.4 1 0.4 1 0.4 0 

Dhodak 0 0 0.02 0 0.03 0 0.03 0 

NIOC, Karachi 0 0 0 0 0.84 2 1.01 1 

PARCO, Multan 0 0 0 0 1.01 2 1.01 1 

South Refinery 0 0 0 0 0.76 1 0.76 1 

Sindh Refinery 0 0 0 0 0.42 1 0.42 0 

North Petroleum Refinery 0 0 0 0 0.28 1 0.28 0 

All Wells 0.81 4 0.69 2 0.76 1 0.69 1 

PAKISTAN 

ENERGY 

TABLE A 1  -50 
CARBON DIOXIDE EMISSIONS 

FOR TRANSPORT SECTOR —

COMBINED MITIGATION 

SCENARIO 

TABLE A1 -51 
CARBON DIOXIDE EMISSIONS 

FOR COMMERCIAL SECTOR —

COMBINED MITIGATION 

SCENARIO 

TABLE A 1  -52 
METHANE EMISSIONS FOR 

COMBINED MITIGATION 

DEMAND SIDE SECTORS —

SCENARIO 

TABLE A1-53 
CARBON DIOXIDE EMISSIONS 

FOR TRANSFORMATION SECTOR 

MITIGATION SCENARIO 

(ALL FUELS) — COMBINED 
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Year 

1991 2000 2010 2020 

Total 14.33 100 31.53 100 49.71 100 79.85 100 

Year 
1991 2000 2010 2020 

Total  2,415.64 100 2,111.5 100 3,250.03 100 4,881.83 100 

Year 

1991 2000 2010 2020 

Total 150.73 100 169.44 100 190.29 100 189.42 100 

Year 

1991 2000 2010 2020 

Electricity Genertion 

Oil Refining 

Crude Oil Production 

Total 18.06 100 31.6 100 52.58 100 113.28 100 

file:///Users/taralaan/Dropbox/Pakistan%20INDC%20&%20Low%20Carbon%20Scenarios/Forestry/13042016/SCREEN-2.pdf


APPENDIX 1 

TABLE A1-54 
METHANE EMISSIONS FOR 

TRANSFORMATION SECTOR 

ENERGY 

kt percent kt percent kt percent kt percent 
share share share share 

Natural Gas 291.18 90 291.18 84 291.18 85 291.18 85 

Coal 0 0 0 0 0.02 0 0.15 0 

Furnace Oil 0.02 0 0.02 0 0.02 0 0.02 0 

Waste 0 0 0 0 0.01 0 0.01 0 

All Wells 32.46 10 56.54 16 49.78 15 51.55 15 

TABLE A1-55 
DESCRIPTION OF OPTIONS 

Energy-efficient refrigerators 10 cu. ft. refrigerator 20,000 23,400 20 Electricity 700 175 kWh 25 

Energy-efficient fans 56 inch fan 1,500 2,145 20 Electricity 200 94 kWh 47 

Energy-efficient lighting systems Typical house containing 1,693 2,334 8,000 hr Electricity 1,350 2,350 kWh 17 
incandescent lamps & 
fluorescent lamps (urban) 

Typical house containing 9466 1,533 8,000 hr Electricity 1,234 176 kWh 14 
incandescent lamps & 
fluorescent lamps (rural) 

area of 2,000 sq. ft. 

Typical water heater of 30 

Improvements in building design Insulation of building with roof 0 100,000 20 Electricity 4200 1,890 kWh 45 

6,500 8,000 20 Natural Gas 0.04 0.01 MM Cft 20 Energy efficiency improvements 
in water heaters gallons 

Energy-efficient lighting systems  Typical building having 15 9,360 10,890 8,000 hr Electricity 2628 547 kWh 21 

Improvements in building design Roof area assumed at 5,000 0 240,000 20 Electricity 9,750 4,387 kWh 45 

fluorescent lamps and 4 
incandescent lamps (150 W) 

sq. ft 

Energy-efficient boilers 5 tonne/hr boiier 2,500,000 6,600,000 30 Natural 90,964 7,495 MMBtu/ 8 
Gas/Furnace ton 

Oil 

Waste heat recovery systems Preheater furnace - 6,600,000 30 Natural 189,600 15,623 MMBtu/ 8 
Gas/Furnace ton 

Oil 

3,792 MMBtu/ 4 Economizers/boilers - 640,200 30 Natural 94.800 
Gas/Furnace ton 

Oi I 

Energy-efficient motors 25 hp 8 hr/day operation 38,000 59,000 12 Electricity 81,687 3,553 kWh 4 

PAGE 220 PAKISTAN 

Year 

1991  2000 2010 2020 

Gas Production 

Total 323.66 100 347.74 100 341.01 100 342.91 100 

Options Typical Application 
Cost 

without 
Mitigation, 

Rs. 

Cost with 
Mitigation, 

Rs. 

Equipment 
Life Years Fuel Used 

Energy 
Consumption 
in Base Case 

Annual 
Energy 
Savings 

Unit 
% age 
Savings 

Commercial Sector 

Industrial Sector 

Residential Sector
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Improved engine maintenance 
practices 

Petrol All vehicles undergoing 0 400 Biannually Petroleum 1,302.08 6 78 Ltr. 
engine tuneups Products 

engine tuneups Products 
Diesel All vehicles undergoing 0 550 Annually Petroleum 23,972 1,438 Ltr. 6 

Petrol Average vehicle, 300 cc oil 2,315 5,700 Annually Petroleum 1,302 156 Ltr. 12 
change, alignment, filters, Products 
radial tyres 

alignment, diesel filter, brake Products 
pads 

Diesel Average truck. oil change, 24,000 35,500 Annually Petroleum 23,972 2,876 Ltr. 12 

Petrol New injected vehicle with 1.6 I 700,000 800,000 20 Petroleum 1,3045 366 Ltr 28 
engine, average mileage Products 
15,000 km 

engine technology Products 
Diesel New trucks with improved 1,200,000 2,800,000 20 Petroleum 23,9720 11,539 Ltr 48 

Energy efficiency improvements Service, retiming, air cleaner, 18,360 26,190 1 Petroleum 4,085 2,165 Ltr 53 
in tractors trained personnel Products 

Energy efficiency improvements 
in tubewells 

Diesel 48 hp engine with turbine 112,000 160,000 10 Diesel 1,372 891 Ltr 65 

Electrical KSB pump & Siemens motor 54,000 108,000 8 Electricity 36,735 18,367 50 

Solar water heater 1 unit for 30 gallons hot water 8,000 15,000 10 Natural Gas 0 0.0 MMCft 100 

Mini/micro hydel systems 2 MW plant 0 2a 50 Electricity -   9 GWh 100 

Solar photovoltaic systems . 1 MW plant 0 4a 50 Electricity  -   4.5 GWh 100 

Wind power generation systems 15 MW plant 0 18a 50 Electricity -  39 GWh 100 

Note: $1 = Rs. 40.30 
Cost in $ million 
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Options Typical Application Cost 
without 

Mitigation, 
Rs. 

Cost with 
Mitigation, 

Rs. 

Equipment 
Life Years Fuel Used 

Energy 
Consumption 
in Base Case 

Annual 
Energy 
Savings 

Unit 
% age 
Savings 

Transport Sector 

Improvements in Vehicle Maintenance 

Improvements in Engline Design 

Agriculture Sector 

Renewables 

a
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TABLE A1-56 
PENETRATION RATES 

Energy-efficiency improvements in water heaters 50 100 

Energy-efficient fans 40 100 

Improvements in building design (air-conditioning) 25 100 

Energy-efficient lighting systems 

Fluorescent 25 100 

CFL 0 100 

Energy-efficient refrigerators 33 100 

Energy efficiency improvements in water heaters 30 100 

Energy-efficient fans 40 100 

Improvements in building design (air-conditioning) 0 100 

Energy-efficient lighting systems 

Fluorescent 25 100 

CFL 0 100 

Energy-efficient refrigerators 33 100 

Energy efficiency improvements in water heaters 0 100 

Energy-efficient fans 40 100 

Improvements in building design (air-conditioning) 0 100 

Energy-efficient lighting systems 

Fluorescent 50 100 

CFL 0 100 

Energy-efficient refrigerators 33 100 

Energy-efficiency improvements in water heaters 70 100 

Energy-efficient fans 40 100 

Improvements in building design (air-conditioning) 35 100 

PAGE 222 PAKISTAN 

Option 
Maximum 

Penetration Rate 
by Year 2020 

Applicable 
Stock 

(Percentage) 

RURAL HOUSEHOLDS 

High Income 

Middle Income 

Low Income 

URBAN HOUSEHOLDS 

High Income 
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Energy-efficient lighting systems 100 

Fluorescent 0 100 

CFL 20 100 

Energy-efficient refrigerators 33 100 

Energy efficiency improvements in water heaters 45 100 

Energy-efficient fans 40 100 

Improvements in building design (air-conditioning) 15 100 

Energy-efficient lighting systems 

Fluorescent 20 100 

CFL 10 100 

Energy-efficient refrigerators 33 100 

Energy efficiency improvements in water heaters 20 100 

Energy-efficient fans 40 100 

Improvements in building design (air-conditioning) 

Energy-efficient lighting systems 

Fluorescent 30 100 

CFL 0 100 

Energy-efficient refrigerators 33 100 

Diesel Pumps 30 66 

Electric Pumps 25 50 

Energy efficiency improvements in tractors 50 75 

Energy-efficient boilers 100 100 

Energy-efficient motors 20 75 

Waste heat recovery systems-boilers 100 36 

Waste heat recovery systems-furnaces 90 75 

PAKISTAN 

ENERGY 

PAGE 223 

Option 
Maximum 

Penetration Rate 
by Year 2020 

Applicable 
Stock 

(Percentage) 

URBAN HOUSEHOLDS 
High Income 

Middle Income 

Low Income 

AGRICULTURE 
Energy efficiency improvements in tubewells 

INDUSTRY 
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ENERGY 

Improved engine maintenance practices 100 100 

Improved vehicle maintenance practices 25 50 

Improvements in engine design 

Petrol engines 75 100 

Diesel engines 25 100 

Improvements in building design (air-conditioning) 30 100 

Energy-efficient refrigerators 33 100 

Energy-efficient lighting systems 50 100 

Solar water heaters 20 100 

Solar photovoltaic systems 20 MWa 

Mini/micro hydel systems 20 MWa 

Wind power generation systems 60 MWa 

Waste-to-energy systems 74 MWa 

Installed power generation capacities by year 2020. 

PAKISTAN 

Option
Maximum 

Penetration Rate 
by Year 2020 

Applicable 
Stock 

(Percentage) 

TRANSPORT 

COMMERCIAL 

RENEWABLES 

a
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TABLE A1 -57 

GHGs MITIGATION OPTIONS 

SUMMARY OF POTENTIAL 

Energy-efficient refrigerators 709.09 623.91 85.18 7.64 -11.25 16.76 1.14 

Energy-efficient lighting systems 1038.71 232.48 806.23 36.77 -21.93 50 4.47 

Improvements in building design 242.81 261.58 -1 8.77 9.76 1.92 19.80 0.93 

Waste heat recovery systems 327.04 102.26 224.78 53.70 -4.18 64.00 3.20 

Energy-efficient motors 118.19 52.16 66.03 5.29 -12.49 50.82 2.27 

Reduction in electricity T&D losses 3,086.24 1394.83 1691.41 128.36 -13.18 19.61 2.21 

Improved engine maintenance practices 551.38 276.81 274.57 51.65 -5.32 221.65 1.99 

Improvements in engine design 1,208.60 2,444.67 -1,236.07 106.60 11.59 13.16 0.49 

Solar photovoltaic systems 14.10 30.70 -16.60 0.59 28.29 3.63 0.46 

Solar water heaters 49.51 27.27 22.24 4.43 -5.02 43.59 1.82 

Energy efficiency improvements in tubewells 2,334.56 1,155.89 1,178.67 77.46 -15.22 22.00 2.02 
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GHGs Emissions Reduction Option 
Net 

Benefit, 
$ million 

Net Cost, 
$ million 

Net 
Incremental 
Cost NPV, 
$ million 

Emissions 
Reduction, 

million tonne 
CO2 

Cost 
Effectiveness, 

$/tonne of 
CO2 

IFRR 
percent 

Benefit/ 
Cost 
Ratio 

Energy-efficient fans 1581.55 710.77 870.78 42.02 -20.72 36.06 2.23 

Energy efficiency improvements in water heaters 28.70 4.36 24.34 2.54 -9.20 43.79 6.58 

Energy-efficient boilers 449.85 180.01 269.84 25.70 -10.50 31.91 2.50 

Cogeneration 3,556.68 640.34 2,916.34 105.78 -27.56 36.34 5.55 

Reduction in gas T&D losses 208.31 26.39 181.92 130.83 -1.39 40.63 7.89 

Substitution of oil and coal with natural gas 16,480.00 17048.15 -568.15 238.26 2.39 23.00 0.96 

Improved vehicle maintenance practices 243.15 258.71 -15.56 23.42 0.66 6.64 0.94 

Mini/micro hydel systems 23.63 21.57 2.06 1.01 -2.05 28.27 1.46 

Wind power generation systems 35.45 37.43 -1.98 1.51 1.31 10 0.46 

Waste-to-energy systems 144.36 121.27 23.09 2.24 -10.29 4.87 2.40 

Energy efficiency improvements in tractors 724.44 154.24 570.20 72.78 -7.83 167.11 4.70 
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TABLE A1-58 
ENERGY OVERVIEW - 

REDUCTION IN ELECTRICITY 

T&D LOSSES, KTOE 

TABLE A1-59 
ENERGY OVERVIEW - 

SOLAR PHOTOVOLTAIC SYSTEMS, 

KTOE 

TABLE A1-60 
ENERGY OVERVIEW - 

MINI-HYDEL SYSTEMS, KTOE 

TABLE A1-61 
ENERGY OVERVIEW - 

REDUCTION IN GAS T&D 
LOSSES, KTOE 
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ENERGY 

Electricity Generation 0 0 -747.31 -969.88 

Gas Production 0 0 -580.98 0 

Coal Production 0 0 -154.51 0 

Indigenous Production 0 0 -752.66 0 

Imports 0 0 -1,325.98 -3,777.63 

Electricity Generationa 0 0 0 0 

Gas Production 0 0 -1.94 0 

Coal Production 0 0 -0.52 0 

Indigenous Production 0 0 -0.02 4.99 

Imports 0 0 -4.43 -20.81 

a Numbers are too small to be represented in ktoe. 

Electricity Generationa 0 0 0 0 

Gas Production 0 0 -3.33 0 

Coal Production 0 0 -0.89 0 

Indigenous Production 0 0 -0.03 8.56 

Imports 0 0 -7.60 -35.67 

a Numbers are too small to be represented in ktoe. 

Gas Production 0 0 -409.31 -644.47 

Indigenous Production 0 0 -409.31 -644.47 

PAKISTAN 

 Year  1991 2000 2010 2020 

Sub total 0 0 -1,482.81 -969.88 

Total 0 0 -2,078.64 -3,777.63 

Year  1991 2000 2010 2020 

Sub total 0 0 -2.46 0 

Total 0 0 -4.45 -15.82 

Year 1991 2000 2010 2020 

Sub total 0 0 -4.21 0 

Total 0 0 -7.63 -27.11 

Year 1991 2000 2010 2020 

Total 0 0 -406.31 -644.47 
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Electricity Generationa 0 0 0 0 

Gas Production 0 0 -4.99 0 

Coal Production 0 0 -1.33 0 

Imports 0 0 -1 1.40 -53.50 

a Numbers are too small to be represented in ktoe .

Rural Households 0 0 -8.38 -13.40 

Urban Households 0 0 -1 6.33 -32.04 

Commercial 0 0 -4.07 -7.65 

Transmission & Distribution 0 0 -28.78 -53.09 

Gas Production 0 0 -28.69 0 

Coal Production 0 0 -7.63 0 

Indigenous Production 0 0 -37.17 0 

Imports 0 0 -65.48 -276.48 

Rural Households 0 0 -60.35 -110.87 

Urban Households 0 0 -32.18 -58.73 

Commercial 0 0 -48.30 -88.54 

Transmission & Distribution 0 0 -140.83 -258.14 

Electricity Generation 0 0 -180.55 -322.67 

Gas Production 0 0 -140.37 0 

Coal Production 0 0 -37.33 0 

Indigenous Production 0 0 -181.84 0 

Imports 0 0 -320.36 -1,288.38 

PAKISTAN 

ENERGY 

TABLE A1-62 
ENERGY OVERVIEW - 
WIND POWER SYSTEMS 

TABLE A1-63 
ENERGY OVERVIEW - 
ENERGY EFFICIENT 

REFRIGERATORS 

TABLE A1-64 
ENERGY OVERVIEW - 

ENERGY EFFICIENT 

LIGHTING SYSTEMS 
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Year 1991 2000 2010 2020 

Sub total 0 0 -6.32 0 

Total 0 0 -11.40 -53.50 

Year 1991 2000 2010 2020 

Sub total 0 0 -28.78 -53.09 

Sub total 0 0 -102.01 -119.44 

Total 0 0 -102.64 -276.48 

Year 1991 2000 2010 2020 

Sub total 0 0 -140.83 -258.14 

Sub total 0 0 -499.08 -580.81 

Total 0 0 -502.20 -1,288.38 
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TABLE A1-65 
ENERGY OVERVIEW - ENERGY 

EFFICIENCY MOTORS 

TABLE A1-66 
ENERGY OVERVIEW - 
ENERGY EFFICIENCY 

IMPROVEMENTS IN WATER 

HEATERS 

TABLE A1-67 
ENERGY OVERVIEW - ENERGY 

EFFICIENT FANS 
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Industry 0 0 -14.71 -42.06

Transmission & Distribution 0 0 -14.71 -42.06 

Electricity Generation 0 0 -18.86 -52.57

Gas Production 0 0 -14.66 0

Coal Production 0 0 -3.90 0 

Indigenous Production 0 0 -18.99 0 

Imports 0 0 -33.46 -219.06 

Rural Households 0 0 -1 0.37 -31.59 

Urban Households 0 0 -42.34 -74.85 

Transmission & Distribution 0 0 -52.72 -106.45 

Gas Production 0 0 -56.68 -114.46 

Indigenous Production 0 0 -56.68 -114.46 

Rural Households 0 0 -77.1 4 -1 52.82 

Urban Households 0 0 -77.21 -157.14 

Transmission & Distribution 0 0 -154.36 -309.96 

Electricity Generation 0 0 -197.90 -387.45 

Gas Production 0 0 -153.85 0 

Coal Production 0 0 -40.92 0 

Indigenous Production 0 0 -199.31 0 

Imports 0 0 -351.13 -1,537.50 

PAKISTAN 

Year  1991 2000 2010 2020 

Sub total 0 0 -14.71 -42.06 

Sub total 0 0 -52.12 -94.64 

Total 0 0 -52.45 -219.06 

Year 1991 2000 2010 2020 

Sub total 0 0 -52.72 -106.45 

Sub total 0 0 -109.40 -220.91 

Total 0 0 -56.68 -114.46 

Total 1991 2000 2010 2020 

Sub total 0 0 -154.36 -309.96 

Sub total 0 0 -547.02 -697.40 

Total  0 0 -550.44 -1,537.51 
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Agriculture 0 0 -1,075.59 -2,609.75 

Imports 0 0 -1,075.59 -2,609.75 

Agriculture 0 0 -354.30 -950.50 

Transmission & Distribution 0 0 -1 71.44 -577.28 

Electricity Generation 0 0 -219.79 -721.59 

Gas Production 0 0 -170.87 0 

Coal Production 0 0 -45.44 0 

Indigenous Production 0 0 -221.36 0 

Imports 0 0 -572.85 -3,195.91 

Industry 0 0 -674.20 -1,877.46 

Transmission & Distribution 0 0 -204.63 -687.32 

Coal Production 0 0 -21 5.40 -446.60 

Indigenous Production 0 0 -298.95 -873.83 

Imports 0 0 -409.95 -1,063.31 

Transport 0 0 -309.93 -860.63 

Imports 0 0 -296.05 -825.72 

Exports 0 0 -1 3.87 -34.90 

TABLE A1-68 
ENERGY OVERVIEW - ENERGY 

EFFICIENCY IMPROVEMENTS IN 

TRACTORS 

TABLE A1 -69 
ENERGY OVERVIEW - ENERGY 

EFFICIENCY IMPROVEMENTS 

IN TUBEWELLS 

TABLE A1 -70 
ENERGY OVERVIEW - WASTE 

HEAT RECOVERY SYSTEMS 

TABLE A1-71 
ENERGY OVERVIEW - IMPROVED 

VEHICLE MAINTENANCE 

PRACTICES 
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Year 1991 2000 2010 2020 

Total  0 0 -1,075.59 -2,609.75 

Year  1991 2000 2010 2020 

Sub total   0 0 -354.30 -950.50 

Sub total  0 0 -607.54 -1,298.87 

Total  0 0 -794.21 -3,195.91 

Year 1991 2000 2010 2020 

Sub total  0 0 -674.20 -1,877.46 

Sub total  0 0 -420.02 -1,133.92 

Total  0 0 -708.91 -1,937.14 

Year 1991 2000 2010 2020 

Total  0 0 -309.92 -860.62 
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TABLE A1-72 
ENERGY OVERVIEW - IMPROVED 

ENGINE MAINTENANCE 

PRACTICES 

TABLE A1-73 
ENERGY OVERVIEW - 

IMPROVEMENTS IN ENGINE 

DESIGN 

TABLE A1-74 
ENERGY OVERVIEW - SOLAR 

WATER HEATERS 

TABLE A1-75 
ENERGY OVERVIEW - 

ENERGY EFFICIENT BOILERS 
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ENERGY 

Transport 0 0 -800.83 -1,749.04 

Indigenous Production 0 0 0 0 

-1,679.24 Imports 0 0 -773.08 

Exports 0 0 -27.74 -69.80 

Transport 0 0 -1,724.36 -3,673.09 

Imports 0 0 -1,361.15 -3,428.78 

Exports 0 0 -363.21 -244.31 

Rural Householdsa 0 0 0 0 

Urban Householdsa 0 0 0 0 

Transmission & Distribution 0 0 -89.07 -1 91.02 

Gas Production 0 0 -95.78 -205.40 

Indigenous Production 0 0 -6.71 -1 4.38 

a Numbers are too small to be represented in ktoe. 

Industry 0 0 -678.71 -1,710.38 

Indigenous Production 0 0 -349.21 -725.62 

Imports 0 0 -329.50 -984.76 

PAKISTAN 

Year 1991 2000 2010 2020 

Total 0 0 -800.82 -1,749.04 

Year 1991 2000 2010 2020 

Sub total  0 0 -1,724.36 -3,673.09 

Total 0 0 -1,724.36 -3,673.09 

Year 1991 2000 2010 2020 

Sub total  0 0 0 0 

Sub total  0 0 -184.85 -396.43 

Total  0 0 -6.71 -14.38 

Year 1991 2000 2010 2020 

Sub total  0 0 -678.71 -1,710.38 

Total  0 0 -678.71 -1,710.38 
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Industry 0 0 -412.09 -976.35 

Transmission & Distribution 0 0 -41 2.09 -976.35 

Electricity Generation 0 0 -528.32 -1,220.44 

Coal Production 0 0 -258.08 0 

Indigenous Production 0 0 -286.75 0 

Imports 0 0 -1,116.00 -4,741.32 

Exports 0 0 0 0 

Industry 0 0 318.66 1,923.89 

Transmission & Distribution 0 0 9,883.22 23,268.94 

Gas Production 0 0 1,025.91 27.98 

Coal Production 0 0 -9.58 0 

Indigenous Production 0 0 1,015.26 27.98 

Imports 0 0 -1 31.69 3,604.01 

TABLE A1 -76 
ENERGY OVERVIEW - 
COGENERATION 

TABLE A1-77 
ENERGY OVERVIEW - 

WITH NATURAL GAS 

SUBSTITUTION OF OIL AND COAL 
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Year 1991 2000 2010 2020 

Sub total 0 0 -412.09 -976.35 

Sub total  0 0 -1,198.49 -2,196.79 

Total  0 0 -1,402.76 -4,741.33 

Year 1991 2000 2010 2020 

Sub total  0 0 318.66 1,923.89 

Sub total 0 0 10,899.55  23,296.91 

Total  0 0 883.57 3,631.99 
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TABLE A1-78 
ENERGY OVERVIEW - 

IMPROVEMENTS IN BUILDING 

DESIGN 

TABLE A1-79 
ENERGY OVERVIEW - 

COMBINED MITIGATION OPTION 
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Rural Households 0 0 -7.15 -10.98 

Urban Households 0 0 -10.76 -27.60 

Commercial 0 0 -16.65 -31.29 

Transmission & Distribution 0 0 -34.57 -69.86 

Electricity Generation 0 0 -44.32 -87.33 

Oil Refining 0 0 0 0 

Gas Production 0 0 -34.46 0 

Coal Production 0 0 -9.16 0 

Indigenous Production 0 0 -44.64 0 

Imports 0 0 -78.64 -363.88 

Exports 0 0 0 0 

Rural Households 0 0 -0.11 -0.20 

Urban Households 0 0 -0.15 -0.29 

Agriculture 0 0 -1.43 -3.56 

lndustry 0 0 -1.66 -4.29 

Transport 0 0 -2.90 -6.25 

Commercial 0 0 -0.02 -0.03 

Transmission & Distribution 0 0 7.14 14.69 

Electricity Generation 0 0 -1.73 -3.41 

Oil Refining 0 0 0 0 

Gas Production 0 0 1.03 0.03 

Crude Oil Production 0 0 0 0 

Coal Production 0 0 -0.86 -4.31 

PAKISTAN 

Year  1991 2000  2010 2020 

Subtotal 0 0 -34.57 -69.87 

Subtotal 0 0 -122.52 -157.19 

Total 0 0 -123.29 -363.88 

Year 1991 2000 2010 2020 

Sub total 0 0 -6.26 -14.62 

Sub total  0 0 5.58 7.00 
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Indigenous Production 0 0 -0.44 -5.26 

Imports 0 0 -8.91 -18.56 

Exports 0 0 -0.60 -0.35 

Electricity Generation 0 0 0 0 

Gas Production 0 0 -21.30 0 

Coal Production 0 0 -5.66 0 

Indigenous Production 0 0 -27.59 0 

Imports 0 0 25.43 -57.82 

Energy-efficient Boilers 0 0 -1.04 -3.14 

Energy-efficient Fans 0 0 -1.69 -5.03 

Energy-efficient Motors 0 0 -0.16 -0.72 

Substitution of Oil and Coal with Natural Gas 0 0 -31.54 -81.22 

Solar Water Heaters 0 0 -0.22 -0.47 

Improved Engine Maintenance Practices 0 0 -2.53 -5.51 

Waste Heat Recovery Systems 0 0 -2.22 -6.41 

Energy Efficiency improvements in Tractors 0 0 -3.35 -8.12 

Mini/micro Hydel Systems 0 0 -0.04 -0.1 2 

PAKISTAN 

TABLE A1-80 
ENERGY OVERVIEW -WASTE- 
TO-ENERGY SYSTEMS 

TABLE A1 -81 
CARBON DIOXIDE EMISSIONS 

ABATEMENT POTENTIAL FOR 

OPTIONS 
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Year 1991 2000 2010 2020 

Total 0 0 -9.95 -24.18 

Year  1991 2000 2010 2020 

Sub total  0 0 -26.96 0 

Total  0 0 -2.16 -57.82 

Option 1991  2010 2020 

Improvements in Building Design 0 0 -0.38 -1.19 

Energy-efficient Lighting Systems 0 0 -1.55 -4.21 

Energy-efficient Refrigerators 0 0 -0.32 -0.90 

Improvements in Engine Design 0 0 -5.29 -11.24 

Improved Vehicle Maintenance Practices 0 0 -0.98 -2.71 

Energy Efficiency Improvements in Tubewells 0 0 -2.45 -10.39 

Reduction in Gas T&D Losses 0 0 -0.04 -0.12 

2000 
million     tonnes

Energy Efficiency Improvement in Water Heaters 0 0 -0.1 3 -0.26 
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Solar Photovoltaic Systems 0 0 -0.02 -0.07 

Cogeneration 0 0 -3.93 -1 1.65 

PAGE 234 PAKISTAN 

Option 
1991 2000 2010     2020 

million tonnes 

Wind Power Generation Systems 0 0 -0.05 -0.18 

Reduction in electricity T&D losses 0 0 -6.38 -12.36 

Waste-to-energy Systems 0 0 -6.17 -8.06 
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Module Land -use Change and Forestry 

Submodule 

Worksheet  5-1 

Changes in Forest and Other Woody Biomass Stocks 

Sheet  1 of  3 

Conifers (121) 1,913 0.79 1,511 0.50 755.6 

Riverain (60) 173 1.85 320 0.50 160.0 

Scrub (13) 1,191 0.67 798 0.50 399.0 

Irrigated Plantation (60) 103 2.91 300 0.50 149.9 

Mangrove (15) 207 0.24 50 0.50 24.8 

Irrigated including Farmland Trees (7.40) 19,134 0.73 13,968 0.50 6,983.9 

Nonirrigated including Farmland Trees 2,067 0.48 992 0.50 496.1 
(4.40) 

Tidal Flats (0.0) 467 0 0 0 0 

Snow/Giaciers (0.0) 27 0 0 0 0 

Rock/Gravel (0.0) 18.514 0 0 0 0 

Desertic (1.3) 7.085 0.012 95 0.50 47.3 

Alpine (0.0) 1,053 0 0 0 0 

Degraded (0.5) 24,682 0.012 296 0.50 148.1 

Nondegraded (0.7) 2,772 0.02 55 0.50 27.7 

Riverbeds (0.0) 603 0 0 0 0 

Lakes (0.0) 49 0 0 0 0 

Dams, etc. (0.0) 138 0 0 0 0 

Swamps (0.0) 123 0 0 0 0 

Urban/Roadside Plantations (40.0) 154 1.95 300 0.50 150.2 

Above 3,650 m (0.0) 5,137 0 0 0 0 

Below 3,650 m 0.0) 1,588 0 0 0 0 

Sources: Figures in Column A have been taken from GOP/RCA (1992). Above ground annual growth 
rates of biomass have been taken from GOP/RCA (1992) and UNDP/EW/WB (1993b). 
The dry matter content for different land use/forest types has been worked out using Table A-4 
(p. 83-84) of UNDP/EW/WB (1993), keeping in view the proportion of different species found in 
each land-use/forest type. 

PAKISTAN 

APPENDIX 2 
FORESTRY AND LAND-USE CHANGE 

TABLE A2-1 
FORESTRY AND LAND-USE 

CHANGE INVENTORY 

CALCULATION SHEETS, 

1989- 1990 
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Land-use Type 

(Aboveground Stock in m3/ha) 

A B C D E 

Area of Annual Annual 
Carbon  Total 

Forest/ 
Growth Biomass Fraction 

Carbon 

Biomass Rate of Increment, of Dry 
Uptake 

Stocks, 
kha 

Biomass, 
t dm/ha, 

B1 

kt dm, 
c=(AxB) 

Matter, 
D 

Increment, 
kt C, 

E=CxD 

Step 1 

Subtotal Forest 3,587 2,979 2,979 0 

Subtotal Agricultural Land  21,201 14,960 0 

Subtotal Barren Land 26,893 95 0 

Subtotal Rangeland  28,507 352 0 

Subtotal Water 913 0 0 

Subtotal Urban/Roadside Plantation  154 300 0 

Subtotal Unclassified Land  6,725 0 0 

Total  87,980 18,685 0.50 9,342.6 
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Module Land -use Change and Forestry 

Submodule 

Worksheet 5-1 

Changes in Forest and Other Woody Biomass Stocks 

Sheet 2 of 3 

Land Use- 
Types as listed 
in Sheet 1 of 3 

(1,000 m3 (t dm/m3) (kt dm) (kt dm) (kt dm) (kt dm) (kt dm) (kt dm) 
K = (H + I + J) M=(K - L) roundwood) H = (F x G) 

12,075 0.500 6,038 18,112 0 24,150 0 24,150 

Sources: Data on commercial harvest 
have been taken from GOP/ 
RCA (1992) in which wood 
consumption estimates are 
given for 5-year periods from 
1993 to 2018. Fuelwood = 
50% (farmlands) + 25% (state 
forests) = 75%. 

The carbon fraction value has 
been taken from IPCC (1995). 

PAGE 236 

Module Land -use Change and Forestry 

Sub-module Changes in Forest and Other Woody Biomass Stocks 

Worksheet 5 -1 

Sheet 3 of 3 

(kt C) (Gg CO2) 
Q = (P x [44/12]) 

(kt C) 
O = (MxN) 

0.50 12,075  2,681.00    9,830 

PAKISTAN 

Step 2 

F 

Commercial 
Harvest (if 
applicable) 

G 

Biomass 
Conversion/ 
Expansion 

Ratio 
(if applicable) 

H 

Total 
Biomass 

Removed in 
commercial 

Harvest 

I 
Total 

Traditional 
Fuelwood 
Consumed 

J 
Total 
Other 
Wood 
Used 

K 
Total Biomass 
Consumption 

L 
Wood 

Removed 
From 
Forest 

Clearing 

M 
Total 

Biomass 
Consumption 
From  Stocks Harvest 

Categories 

(specify) 

Total 6,038 18,112 0 24,150 0 24,150 

N O P Q 

Carbon Fraction 
Annual Carbon 

Release 
Net Annual 

Carbon Uptake 
or Release 

CO2 Annual 
Emmisions 

Step 3 
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TABLE A2-2 
REFORESTATION IN CONIFER 

FORESTS—–COMAP OUTPUT 

SHEET 

5 Baseline Scenario 

6 Wasteland 251,100.00 251,100.00 251,100.00 251,100.00 251,10000 251,100.00 251,100.00 

7 Mitigation Scenario 

8 Wasteland 251,100.00 251,100.00 234,900.00 198,000.00 148,500.00 99,000.00 

9 Reforested Land 0 5,400.00 9,900.00 9,900.00 9,900.00 

10 251,100.00 240,300 00 207,900.00 158,400.00 108,900.00 

12 

14 

15 Standing Vegetation Carbon 

16 Dry Weight (t/ha) 15.00 15.00 15.00 15.00 15.00 

17 Carbon Density (%) 0.45 0.45 0.45 0.45 0.45 

18 

19 Soil Carbon 

20 Amount of Carbon Stored in Soil (tC/ha) 11 0.00 11 0.00 11 0.00 110.00 11 0.00 

21 

22 Carbon Pool (tC/ha) 11 6.75 116.75 116.75 116.75 116.75 

23 

25 

26 Vegetation Carbon Pool 

27 Mean Annual Increment (tB/year/ha) 

28 Rotation Period (Years) 

29 Carbon Density (%) 

30 

31 Soil Carbon Pool 

32 Accumulation Period (Years) 

33 

34 

Amount of Carbon stored in Soil (tC/ha/yr) 

1 B C D E F P U Z AE AJ AX 

2 Year 1980 1990 2000 2005 2010 2015 2020 

3 Output Sheet 

From Steps 2 and 3: Land Area (ha) 

Step 4: Estimating Carbon pool and Sequestration 

4 

11 

Step 4.1: Baseline Scenario Wasteland 13 

24 Step 4.2:  Mitigation Scenario Reforestation 

PAKISTAN PAGE 237 
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35 Decompositing Matter Carbon Pool 

36 Decomposition Period (Years) 

37 

38 

39 Product Carbon Pool 

40 Average Age (Years) 

41 

42 

43 

44 

45 

46 

Amount of Decomposing Carbon (tC/ha/harvest) 

Amount of Carbon Stored in Product (tC/ha/harvest) 

Carbon Pool Created by Mitigation Option (tC/ha) 

Carbon Pool including Baseline Soil Carbon (tC/ha) 

48 Baseline Scenario 

49 Wasteland 11 6.75 116.75 116.75 11 6.75 11 6.75 

50 Mitigation Scenario 

51 Wasteland 116.75 11 6.75 11 6.75 11 6.75 116.75 

52 Reforested Land 0 0 0 0 0 

53 

55 

57 

58 Baseline Scenario (Wastelands) 2.00 2.00 2.00 2.00 2.00 2.00 

59 23.93 

60 Mitigation Scenario (Reforestation) 

61 

341.97 341.97 341.97 341.97 341.97 341.97 

63 

64 Initial Costs ($/ha/yr) 315.00 365.00 415.00 465.00 515.00 

65 Recurrent Costs (Maintenance, etc.) ($/ha/yr) 6.00 7.00 8.00 9.00 10.00 

66 Monitoring Costs ($/ha/yr) 3.00 3.50 4.00 4.50 5.00 

67 Establishment Costs ($/ha/yr) 
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1 

2 

3 

B 

Year 

Output Sheet 

C D E F P Z AE AJ AX 

1980 1990 2000 2005 2010 2015 2020

U 

47 

54 

56 

62 Step 5.1.1: Stream of Costs ($/ha) of Reforestation 

Step 5.1: Costs ($/ha/yr) 

Step 5: Estimating Costs and Benefits 

Step 4.3: Total Carbon Density (tC/ha) 
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68 Total Costs ($/ha/yr) 324.00 375.50 427.00 478.50 530.00 

69 Present Value of Costs ($/ha) 4,062.1 1 

70 

71 Annualized Value of Costs ($/ha/yr) 341.97 

72 Present Value of Initial Cost 3,943.46 

73 

75 

76 Baseline Scenario (Wastelands) 

77 

78 Mitigation Scenario (Reforestatton) 

79 

81 

82 Timber Products ($/ha/yr) 0 0 0 0 

83 Nontimber Benefits (fuelwood) ($/ha/yr) 1 ,1 00.00 1,150.00 1,200.00 1,250.00 1,300.00 

84 Nontimber Benefits (resin, honey, fruits) ($/ha/yr) 400 4.00 4.00 4.00 4.00 

65 Other  Benefits ($/ha/yr) 

86 Total Benefits ($/ha/yr) 1,104.00 1,154.00 1,204.00 1,254.00 1,304.00 

87 Present Value of Benefits ($/ha) 13,696.12 

88 Annualized Value of Benefits ($/ha/yr) 1,153.01 

89 9,634.01 

90      Net Present Value of Benefits ($ha) 

91 

93      Annually Created Incremental   C Pool 0 21 1,005.00 386,642.50 386,842.50 386,842.50 5,943,307.50 

94 

95 Baseline Scenario 29,315,925.00 29.31 5,925.00 29,315,925.00 29,315,925.00 29,315,925.00 

96 Wasteland 29,315,925.00 29,948,940.00 31,390,807.50 33,325,020.00 35,259,232.50 

97 Mitigation Scenario 29,315,925.00 27,424,575.00 23.1 16,500.00 17,337,375.00 11,556,250.00 

96 Wasteland 0 2,524,365.00 8,274,307.50 15,987,645.00 23,700,982.50 

99 Reforested Land 

100 
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1 

2 

3 

B C D E F P U Z AE AJ AX 

Year 

Output Sheet 

1980 1990 2000 2005 2015 2020 2010 

Step 5.2: Benefits ($/ha/yr) 

Step 5.2.1: Stream of Benefits of Reforestation Program 

Step 6.1 : Total Carbon Pool (tC) 

80 

74 

92 
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TABLE A 2-3

FORESTS—–COMAP OUTPUT 

SHEET 

PROTECTION OF CONIFER 

FORESTRY AND 
LAND-USE CHANGE 

5 Baseline Scenario 478,250.00 478,250.00 478,250.00 478,250.00 478,250.00 478,250.00 478,250.00 

6 Land Converted from Forests 0 0 0 0 0 

7 Mitigation Scenario 478,250.00 478,250.00 478,250.00 478,250.00 478,250.00 478,250.00 478,250.00 

8 

10 

12 Baseline Scenario 0 61 .00 56.00 53.50 51 .00 48.50 46.0 

13 

14 Mitigation Scenario 0 61 .00 56.00 60.00 64.00 68.00 72.0 

15 

17 C(%) 

18 Baseline Scenario 0.50 0 30.50 28.00 26.75 25.50 24.25 23.00 

19 

20 Mitigation Scenario 0.50 30.50 28.00 30.00 32.00 34.00 36.0 

21 

23 Baseline Scenario 0 130.00 130.00 130.00 130.00 130.00 130.00 

24 

25 Mitigation Scenario 0 130.00 130.00 136.63 143.60 150.93 158.62 

26 

28 Baseline Scenario 0 180.50 158.00 156.75 155.50 154.25 153.00 

29 

30 Mitigation Scenario 160.50 158.00 166.63 175.60 184.93 194.62 

31 

33 

35 

1 

2 

3 

B 

Year 

Output Sheet 

C D E F P U Z AE AJ AX 

1980 1990 2000 2005 2010 2015 2020 

From steps 2 and 3: Land Area (ha) 

Step 4: Estimating Carbon Pool and Sequestration 

Step 4.1: Biomass Density (t/ha) 

Step 4.2: Biomass Carbon Density (t/ha) 

Step 4.3: Soil Carbon Density (tC/a) 

Step 4.4: Total Carbon Density (tC/ha) 

Step 5: Estimating Costs and Benefits 

Step 5.1: Cost of Forest Protection ($/ha/yr) 

4

9 

11 

16 

22

27

32

34
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36 Baseline Scenario 0.00 0 0 0 0 0 0 

37 

38 Mitigation Scenario      10.59 10.59 10.59 10.59 10.59 10.59 

39 

41 

42 Initial Cost  0.50 0.50 0.50 0.50 0.50 

43  Recurrent (Maintenance, etc.) Costs 

44 Monitoring Cost 0.50 0.50 0.50 0.50 0.50 

45 Total Costs     10.59 

46 Present Value of Costs 

47 

49 

50 Baseline Scenario 0 0 0 0 0 0 0 

51 

53 

54 Mitigation Scenario 0 0 0 0 0 0 

55 

57 

58 Baseline Scenario 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

59 

60 Mitigation Scenario 15.00 15.00 15.00 15.00 15.00 15.00 

61 

63 

64 Annual Incremental C Protected  0  957,832 .03 990,833 .98 1,025,519 .36 1,061,974 .04 19,907,015 .26 

65 

66 Baseline Scenario C Pool  0 76,759,125. 00 75,563,500 .00 74,965,687. 50 74,367,875 .00 73,770,062 .50 73,172,250.00 

67 

68 Mitigation Scenario C Pool    76,759,125 .00 75,563,500 .00 79,691,422. 34 83,981,119 .09 88,440,842 .38 93,079,265 .26 93,079,265 .26 

PAKISTAN        PAGE 241 

1 

2 

3 

B C D E F P U Z AE AJ AX 

1980 1990 2000 2005 2010 2015 2020 

Step 5.1.1: Stream of Costs and Present Value ($/ha) 

Step 5.2: Benefits from Land Conversion ($/ha/yr) 

Benefit or Cost or Providing Alternative Products ($/yr) 

Step 5.4 : Benefit from Forest Protection ($/ha/yr) 

Step 6.1: Total Carbon Pool (tC) 

Year 

Output Sheet 

48 

52 

56 

62

40
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70 Incremental Net Cost -1,151,656.47 -1,151,656.47 -1,151,656.47 -1,151,656.47 -1,151,656.47 -12,850,650.4 

71 

72 Baseline Scenario Benefit  956,500.00 956,500.00  956,500.00 956,500.00  956,500.00 10,768,069.77 

73 Cost 0 0 0 0  0 

74 Benefit from Land Conversion (Opportunity Cost) 0 0 0 0  0 

75 Benefit from Forests 956,500.00  956,500.00 956,500.00  956,500.00   956,500.00 10,768,069.77 

76 

77 Mitigation Scenario Benefit  2,108,156.47 2,108,156.47 2,108,156.47 2,106,156.47 2,108,156.47 23,733,168.75 

78 Cost  5,065,593.53 5,065,593.53 5,065,593.53  5,065,593.53 5,065,593.53 57,027,354.51 

79 Alternative Supply of Imported Product 0 0 0 0 0 

80 Benefit  7,173,750.00 7,173,750.00 7,173,750 .00 7,173,750.00 7,173,750.00 80,760,523.26 

81 

83           Net Present Value of Benefits 

84 $/tC   0.65 

85 $/ha    26.87 

86 

87           Benefit of Reducing Atmospheric Carbon 

88 5/tC-yr   0.05 

89 

90       Initial Cost of Forest Protection 

91 $/tC    0.12 

92 $ha    5.00 

93 

94       Endowment (Net Present Value of Costs) 

95 $/tC    2.86 

96 $ha    119.24 
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1 

2 

3 

B C D E F P U Z AE AJ AX 

Step7: Cost-effectiveness Indicator 

Year 

Output Sheet 

1980 1990 2000 2005 2010 2015 2020 

Step 6.2: Total Costs and Benefits of CSEQ (s)                                                                       Present Value ($) 69 

82 
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TABLE A2-4 
ENHANCED NATURAL 

REGENERATION IN CONIFER 

FORESTS—–COMAP OUTPUT 

SHEET 

5 Baseline Scenario 

6 Wasteland 300,000.00 300,000.00 300,000.00 300,000.00 300,000.00 300,000.00 300,000.00 

7 Mitigation Scenario 

8 Wasteland 300,000.00 300,000.00 250,000.00 200,000.00 150,000.00 100,000.00 

9 Reforested Land 0 10,000.00 10,000.00 10,000.00 10,000.00 

10 

12 

14 

15 Standing Vegetation Carbon 

16 Dry Weight (t/ha) 45.00 45.00 45.00 45.00 45.00 

17 Carbon Density (%) 0.45 0.45 0.45 0.45 0.45 

18 

19 Soil Carbon 

20 Amount of Carbon Stored in Soil (tC/ha) 130.00 130.00 130.00 130.00 130.00 

21 

22 Carbon Pool (tC/ha) 150.25 150.25 150.25 150.25 150.25 

23 

25 

26     Vegetation Carbon Pool 

27 Mean Annual Increment (tB/year/ha) 

26 Rotation Period (years) 

29 Carbon Density (%) 

30 
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1 

2 

3 

B C D E F P U Z AE AJ AX 

Reforestation/Rotation 

Output  Sheet 

11 Step 4: Estimating Carbon Pool and Sequestration 

13 Step 4.1: Baseline Scenario Wasteland 

4 From Steps 2 and 3: Land Area (ha) 

24 Step 4.2: Mitigation Scenario Reforestation 
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31     Soil Carbon Pool 

32 Accumulation Period (years) 

33 

34 

35    Decompositing Matter Carbon Pool 

36 Decomposition Period (years) 

37 

38 

39     Product Carbon Pool 

40 Average Age (years) 

41 

42 

43 

44 

45 

46 

Amount of Carbon Stored in Soil (tC/ha/yr) 

Amount of Decomposing Carbon (tC/ha/harvest) 

Amount of Carbon Stored in Product (tC/ha/harvest) 

Carbon Pool Created by Mitigation Option (tC/ha) 

Carbon Pool Including Baseline Soil Carbon (tC/ha) 

48 Baseline Scenario 

49 Wasteland 150.25 150.25 150.25 150.25 150.25 

50 Mitigation Scenario 

51 Wasteland 150.25 150.25 150.25 150.25 150.25 

52 Reforested Land 0 0 0 0 0 

53 

55 

57 

58 Baseline Scenario (Wastelands) 2.00 2.00 2.00 2.00 2.00 2.00 

59 23.93 

60 Mitigation Scenario (Reforestation) 341.97 341.97 341.97 341.97 341.97 341.97 

61 

63 

133.00 158.00 183.00 208.00 64 Initial Costs ($/ha/yr) 108.00 

65 Recurrent Costs (Maintenance, etc.) ($/ha/yr) 6.00 7.00 8.00 9.00 10.00 

66 Monitoring Costs ($/ha&) 3.00 3.50 4.00 4.50 5.00 

67 Establishment Costs ($/ha/yr) 
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1 

2 
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Year 

Output Sheet 

1980 1990 2000 2005 2010 2015 2020 

Z F 

Step 4.3: Total Carbon Density (tC/ha) 

Step 5: Estimating Costs and Benefits 

Step 5.1: Costs ($/ha/yr) 

Setp 5.1.1: Stream of Costs ($/ha) of Reforestation 

47 

54 

56 

62 

file:///Users/taralaan/Dropbox/Pakistan%20INDC%20&%20Low%20Carbon%20Scenarios/Forestry/13042016/SCREEN-2.pdf


APPENDIX 2 FORESTRY AND 
LAND-USE CHANGE 

68 Total Costs ($/ha/yr) 117.00 143.50 170.00 196.50 223.00 

69 Present Value of Costs ($/ha) 1,431.28 

70 

71 Annualized Value of Costs ($/ha/yr) 120.49 

72 Present Value of Initial Cost 1,312.63 

73 

75 

76 Baseline Scenario (Wastelands) 4.00 4.00 4.00 4.00 4.00 4.00 

77 

78 Mitigation Scenario (Reforestation) 346.03 346.03 346.03 346.03 346.03 346.03 

79 

81 

82 Timber Products ($/ha/yr) 0 0 0 0 0 

83 Nontimber Benefits (fuelwood) ($/ha/yr)  325.00 375.00 425.00 475.00 525.00 

84 Nontimber Benefits (resin, honey, fruits) ($/ha/yr) 4.00 4.00 4.00 4.00 4.00 

85 Other Benefits ($/ha/yr) 

66 Total Benefits ($/ha/yr) 329.00 379.00 429.00 479.00 529.00 

87 Present Value of Benefits ($/ha) 4,110.40 

88 Annualized Value of Benefits ($/ha/yr) 346.03 

89 

90 Net Present Value of Benefits ($/ha) 

91 

2,679.13 

93 Annually Created Incremental C Pool 0 355,000.00 355,000.00 355,000.00 355,000.00 7,100,000.00 

94 

95 Baseline Scenario 45,075,000.00 45,075,000.00 45,075,000.00 45,075,000.00 45,075,000.00 

96 Wasteland 45,075,000.00 46,650,000.00 48,625,000.00 50,400,000.00 52,175,000.00 

97 Mitigation Scenario 45,075,000.00 37,562,500.00 30,050,000.00 22,537,500.00 15,025,000.00 

96 Wasteland  0 9,287,500.00 18,575,000.00 27,862,500.00 37,150,000.00 

99  Reforested Land 

100 
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Output  Sheet 
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1980 1990 2000 2005 2010 2015 2020 

74 Step 5.2: Benefits ($/ha/yr) 

80 Step 5.2.1 Stream of Benefits of Reforestation Program 

92 Step 6.1: Total Carbon Pool (tC) 
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102 Incremental Net Benefit 0 11,177,125.89 22,354,251.78 33,531,377.66 44,708,503.55 81,703,992.44 

103 

104 Baseline Scenario Net Benefit 600,000.00 600,000.00 600,000.00 600,000.00 600,000.00 6,754,670.01 

105 Cost 600,000.00 600,000.00 600,000.00 600,000.00 600,000.00 6,754,670.01 

106 Benefit 1,200,000.00 1,200,000.00 1,200,000.00 1,200,000.00 1,200,000.00 13,509,340.01 

107 

106 Mitigation Scenario Net Benefit 600,000.00 11,777,125.89 22,954,251.78 34,131,377.66 45,308,503.55 66,456,662.44 

109 Annual Cost of Wasteland 600,000.00 500.000.00 400,000.00 300,000.00 200,000.00 6,023,677.14 

110 Annualized Cost of Converted Land 0 6,024,621.28 12,049,242.55 16,073,863.83 24,098,465.10 44,039,551.50 

111 Annual Benefit from Wasteland 1,200,000.00 1,000,000.00 600,000.00 600,000.00 400,000.00 12,047,354.29 

112 Annualized Benefit from Converted Lard 0 17,301,747.16 34,603,494.33 51,905,241.49 69,206,966.65 126,474,536.60 

113 Present Value of Initial Costs ($/ha) 0 13,126,336.38 13,126,336.36 13,126,336.38 13,126,336.36 59,694,674.57 

114 

116    Net Present Value of Benefit 

117 $/tc 11.51 

118 $/ha 406.52 

119 

120   Benefit of Redwing Atmospheric Carbon (BRAC) 

121 $tc-yr 

122 

123    Initial Cost 

124 $/tC 632.37 

125 $/ha 298.47 

126 

127    Endowment (Present Value of Costs) 

126 $/tc 7.05 

129 $/ha 250.32 

130 
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FORESTRY AND 
LAND-USE CHANGE 

101 Step 6.2: Total Costs and Benefits of Forestation Program ($/yr) Present Value ($) 

115 Step 7: Cost-effectiveness Indicators for the 40-year Program 

1 B C D E F P U Z AE AJ AX 
2 Year 1980 1990 2000 2005 2010 2015 2020 

3 Output Sheet 
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TABLE A2-5 
COMMERCIAL PLANTATIONS—– 
COMAP OUTPUT SHEET 

5 Baseline Scenario 

6 Wasteland 50,000.00 50,000.00 50,000.00 50,000.00 50,000.00 50,000.00 50,000.00 

7 Mitigation Scenario 

8 Wasteland 50,000.00 50,000.00 25,000.00 0 0 0 

9 Reforested Land 0 5,000.00 5,000.00 0 0 

10 

14 

15 Standing Vegetation Carbon 

16 Dry Weight (t/ha)    11.00 11.00 11.00 11.00  11.00 

17 Carbon Density (%) 0.45 0.45 0.45 0.45 0.45 

18 

19 Soil Carbon 

20 Amount of Carbon Stored in Soil (tC/ha)   70.00 70.00 70.00 70.00 70.00 

21 

22 Carbon Pool (tC/ha) 74.95 74.95 74.95 74.95 74.95 

23 

25 

26  Vegetation Carbon Pool 

27 Mean Annual Increment (tB/year/ha) 

28 Rotation Period (Years) 

29 Carbon density (%) 

30 
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2 Reforestration/Rotation 1980 1990 2000 2005 2010 2015 2020 

3 Output Sheet 

4 From Steps 2 and 3: Land Area (ha) 

11 Step 4: Estimating Carbon Pool and Sequestration 

12 

13 Step 4.1: Baseline Scenario Wasteland 

24 Step 4.2: Mitigation Scenario Reforestation 
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31 Soil Carbon Pool 

32 Accumulation Period (years) 

33 

34 

35 Decompositing Matter Carbon Pool 

36 Decomposition Period (years) 

37 

38 

39 Product Carbon Pool 

40 Average Age (years) 

41 

42 

Amount of Carbon Stored in Soil (tC/ha/yr) 

Amount of Decomposing Carbon (tC/ha/harvest) 

Amount of Carbon Stored in Product (tC/ha/harvest) 

43 

44 

45 

46 

Carbon Pool Created by Mitigation Option (tC/ha) 

Carbon Pool Including Baseline Soil Carbon (tc/ha) 

48 Baseline Scenario 

49 Wasteland 74.95 74.95 74.95 74.95 74.95 

50 Mitigation Scenario 

51 Wasteland 74.95 74.95 74.95 74.95 74.95 

52 Reforested Land 0 0 0 0 0 

53 

57 

58 Baseline Scenario (Wastelands) 0 0 0 0 0 0 

59 0 

60 Mitigation Scenario (Reforestation) 1,083.09 1,083.09 1,083.09 1,083.09 1,083.09 1,083.09 

61 

63 

64 Initial Costs ($/ha/yr) 600.00 600.00 600.00 600.00 600.00 

65 Recurrent Costs (Maintenance, etc.) ($/ha/yr) 467.58 467.58 467.58 467.58 467.58 

66 Monitoring Costs ($/ha/yr) 12.00 12.00 12.00 12.00 12.00 

67 Establishment Costs ($/ha/yr) 
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68 Total Costs ($/ha/yr) 1,079.58 1,079.58 1,079.58 1,079.58 1,079.58 

69 Present Value of Costs ($/ha) 12,865.53 

70 

71 Annualized Value of Costs ($ha/yr) 1,083.09 

72 Present Value of Initial Cost 7,154.77 

73 

75 

76 Baseline Scenario (Wastelands) 0 0 0 0 0 0 

77 

78 Mitigation Scenario (Reforestation) 2,701.68 2,701.68 2,701.68 2,701.68 2,701.68 2,701.68 

79 

81 

82 Timber Products ($/ha/yr) 0 0 0 0 0 

83 Non-timber Benefits (fuelwood) ($/ha/yr) 2,691.25 2,691.25 2,691.25 2,691.25 2,691.25 

84 Non-timber Benefits (resin/honey/fruits) ($/ha/yr) 0 0 0 0 0 

85 Other Benefits ($/ha/yr) 

86 Total Benefits ($/ha/yr) 2,691.25 2,691.25 2,691.25 2,691.25 2,691.25 

87 Present Value of Benefits ($/ha) 32,092.12 

88 Annualized Value of Benefits ($/ha/yr) 2,701.68 

89 

90    Net Present Value of Benefits ($/ha) 

91 

19,226.59 

93    Annually Created Incremental C Pool 0 273,250.00 273,250.00 0 0    2,732,500.00 

94 

95 Baseline Scenario 

96 Wasteland 3,747,500.00 3,747,500.00 3,747,500.00 3,747,500.00 3,747,500.00 

97 Mitigation Scenario 3,747,500.00 5,113,750.00 6,480,000.00 6,480,000.00 6,480,000.00 

98 Wasteland    3,747,500.00   1,873,750.00 0 0 0 

99 Reforested Land 0 3,240,000.00 6,480,000.00 6,480,000.00 6,480,000.00 

100 
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102 Incremental Net Benefit 0 40,464,817.19 80,929,634.39 80,929,634.39 80,929,634.39 239,039,631.86 

103 

104 Baseline Scenario Net Benefit 0 0 0 0 0 0 

105 Cost  0 0 0 0 0 0 

106 Benefit  0 0 0 0 0 0 

107 

108 Mitigation Scenario Net Benefit 0 40,464,817.19 80,929,634.39 80,929,634.39 80,929,634.39 239,039,631.86 

109 Annual Cost of Wasteland 0 0 0 0 0 0 

110 Annualized Cost of Converted Land 0 27,077,155.73 54,154,311.46 54,154,311.46 54,154,311.46 159,954,098.05 

111 Annual Benefit from Wasteland 0 0 0 0 0 0 

112 Annualized Benefit from Converted Land 0 67,541,972.92 135,083,945.85 135,083,945.85 135,083,945.85 398,993,729.91

113 Present Value of Initial Costs ($ha) 0 35,773,840.00 35,773,840.00 0 0 111,167,456.10 

114 

116 Net Present Value of Benefit 

117 $/tC 87.48 

118 $/ha 4,780.79 

119 

120 Benefit of Reducing Atmospheric Carbon (BRAC) 

121 $/tC-yr 0.66 

122 

123 Initial Cost 

124 $/tC 40.69 

125 $/ha 2,223.75 

126 

127 Endowment (Present Value of Costs) 

126 $/tC 58.54 

129 $/ha 3,199.08 

130 
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TABLE A2-6 
RIVERAIN FOREST 

OUTPUT SHEET 

PLANTATIONS—–COMAP 

5 Baseline Scenario 

6 Wasteland 141,191.00 141,191.00 141,191.00 141,191.00 141,191.00 141,191.00 141,191.00

7 Mitigation Scenario 

8 Wasteland 141,191.00 141,191.00 134,191.00 112,340.00 84,255.00 56,170.00

9 Reforested Land 85,021.00 0 2,000.00 5,617.00 5,617.00 5,617.00

10 

14 

15 Standing Vegetation Carbon 

16 Dry Weight (t/ha) 11.00 11.00 11.00 11.00 11.00 

17 Carbon Density (%) 0.45 0.45 0.45 0.45 0.45

18 

19 Soil Carbon 

20 Amount of Carbon Stored in Soil (tC/ha) 70.00 70.00 70.00 70.00 70.00

21 

22 Carbon Pool (tc/ha) 74.95 74.95 74.95 74.95 74.95

23 

25 

26 Vegetation Carbon Pool 

27 Mean Annual Increment (tB/year/ha) 

28 Rotation Period (years) 

29 Carbon density (%) 

30 
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31 Soil Carbon Pool 

32 Accumulation Period (years) 

33 

34 

35 Decompositing Matter Carbon Pool 

36 Decomposition Penod (Years) 

37 

38 

39 Product Carbon Pool 

40 Average Age (years) 

41 

42 

43 

44 

45 

46 

Amount of Carbon stored in Soil (tC/ha/yr) 

Amount of Decomposing Carbon (tC/ha/harvest) 

Amount of Carbon Stored in Product (tC/ha/harvest) 

Carbon Pool Created by Mitigation Option (tc/ha) 

Carbon Pool Including Baseline Soil Carbon (tC/ha) 

48 Baseline Scenario 

49 Wasteland 74.95 74.95 74.95 74.95 74.95

50 Mitigation Scenario 

51 Wasteland 74.95 74.95 74.95 74.95 74.95

52 Reforested Land 0 0 0 0 0

53 

57 

58 Baseline Scenario (Wastelands) 0 0 0 0 0 0

59 0 

60 Mitigation Scenario (Reforestation) 1,083.09 1,083.09 1,083.09 1,083.09 1,083.09 1,083.09 

61 

63 

64 Initial Costs ($/ha/yr) 600.00 600.00 600.00 600.00 600.00 

65 Recurrent Costs (Maintenance, etc.) ($/ha/yr) 467.58 467.58 467.58 467.58 467.58

66 Monitoring Costs ($/ha/yr) 12.00 12.00 12.00 12.00 12.00 

67 Establishment Costs ($/ha/yr) 
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68 Total Costs ($/ha/yr) 1,079.58 1,079 58 1,079 58 1,079 58 1,079.58 

69 Present Value of Costs ($/ha) 12,865.53 

70 

71 Annualized Value of Costs ($/ha/yr 1,083.09 

72 Present Value of Initial Cost 7,154.77 

73 

75 

76 Baseline Scenario (Wastelands) 0 0 0 0 0 0 

77 

78 Mitigation Scenario (Reforestation) 2,701.68 2,701.68 2,701.68 2,701.68 2,701.68 2,701.68 

79 

81 

82 Timber Products ($/ha/yr) 0 0 0 0 0 

84 Non-timber Benefits (resin/honey/fruits) ($/ha/yr) 0 0 0 0 0 

83 Non-timber Benefits (fuelwood) ($/ha/yr) 2,691.25 2,691.25 2,691.25 2,691.25 2,691.25 

85 Other Benefits ($/ha/yr) 

86 Total Benefits ($/ha/yr) 2,691.25 2,691.25 2,691.25 2,691.25 2,691.25

87 Present Value of Benefits ($ha) 32,092.12 

88 Annualized Value of Benefits ($/ha/yr) 2,701.68 

89 

90 Net Present Value of Benefits ($/ha) 

91 

19,226.59 

93 Annually Created Incremental C Pool 0 109,300.00 306,969.05 306,969.05 306,969.05 4,646,397.65 

94   54.65 

95 Baseline Scenario 

96 Wasteland 10,582,265.45 10,582,265.45 10,582,265.45 10,582,265.45 10,582,265.45 

97 Mitigation Scenario 10,582,265.45 10,964,815.45 12,158,972.60 13,693,817.85 15,228,663.10

98 Wasteland 10,582,265.45 10,057,615.45 8,419,883.00 6,314,912.25 4,209,941.50

99 Reforested Land 0 907,200.00 3,739,089.60 7,378,905.60 11,018,721.60 

100 
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102 lncremental Net Benefit 0 11,330,148.81 46,698,017.64 92,156.193.27 137,614,368.91 176,449,438.79 

103 

104 Baseline Scenario Net Benefit 0 0 0 0 0 0 

105 Cost 0 0 0 0 0 0 

106 Benefit 0 0 0 0 0 0 

107 

108 Mitigation Scenario Net Benefit 0 11,330,148.81 46,698,017.64 92,156,193.27 137,614,368.91 176,449,438.79 

109 Annual Cost of Wasteland 0 0 0 0 0 0 

110 Annualized Cost of Converted Lard 0 7,581,603.60 31,248,120.80 61,666,597.54 92,085,074.29 118,071,679.63 

111 Annual Benefit from Wasteland 0 0 0 0 0 0 

112 Annualized Benefit from Converted Lard 0 18,911,752.42 77,946,138.43 153,822,790.82 229,699,443.20 294,521,118.42

113 Present Value of Initial Costs ($/ha) 0 14,309,536.00 40,188,331.86 40,188,331.86 40,188,331.86 113,749,475.31

114 

116 Net Present Value of Benefit 

117 $/tC   87.48 

118 $ha 4,780.79 

119 

120 Benefit of Reducing Atmospheric Carbon (BRAC) 

121 $/tC-yr   0.66 

122 

123 Initial Cost 

124 $/tc   40.69 

125 $ha   2,223.75 

126 

127 Endowment (Present Value of Costs) 

128 $/tC   58.54 

129 $/ha   3,199.08 

130 
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TABLE A2-7 
RANGELAND MANAGEMENT—– 
COMAP OUTPUT SHEET 

4 

5 Baseline Scenario 

From Steps 2 and 3: Land Area(ha) 

7 Mitigation Scenario 

8 Wasteland 1,073,880.00 1,073,880.00 791,280.00 508,680.00 226,080.00 0 

0 56,520.00 56,520.00 56,520.00 0 9 Reforested Land 

10 

14 

15 Standing Vegetation Carbon 

16 Dry Weight (r/ha) 

17 Carbon Density (%) 

18 

19 Soil Carbon 

20 

21 

22 Carbon Pool (tC/ha) 

23 

6.00 6.00 6.00 6.00 6.00 

0.45 0.45 0.45 0.45 0.45 

70.00 70.00 70.00 70.00 70.00 Amount of Carbon Stored in Soil (tC/ha) 

72.70 72.70 72.70 72.70 72.70 

25 

26 Vegetation Carbon Pool 

27 Mean Annual Increment (tB/year/ha) 

28 Rotation Period (years) 

29 Carbon density (%) 

30 
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6 Wasteland 1,073,880.00 1,073,880.00 1,073,880.00 1,073,880.00 11,073,880.00 1,073,880.00 1,073,880.00 

11 Step 4: Estimating Carbon Pool and Sequestration 

12 

13 Step 4.1: Baseline Scenario Wasteland 

24 Step 4.2: Mitigation Scenario Reforestation 

file:///Users/taralaan/Dropbox/Pakistan%20INDC%20&%20Low%20Carbon%20Scenarios/Forestry/13042016/SCREEN-2.pdf


APPENDIX 2 FORESTRY AND 
LAND-USE CHANGE 

31 Soil Carbon Pool 

32 Accumulation Period (years) 

33 

34 

35 Decompositing Matter Carbon Pool 

36 Decomposition Period (years) 

37 

38 

39 Product Carbon Pool 

40 Average Age (Years) 

41 

42 

43 

44 

45 

46 

Amount of Carbon stored in Soil (tC/ha/yr) 

Amount of Decomposing Carbon (tC/ha/harvest) 

Amount of Carbon Stored in Product (tC/ha/harvest) 

Carbon Pool Created by Mitigation Option (tC/ha) 

Carbon Pool Including Baseline Soil Carbon (tC/ha) 

48 Baseline Scenario 

49 Wasteland 72.70 72.70 72.70 72.70 72.70

50 Mitigation Scenario 

51 Wasteland 72.70 72.70 72.70 72.70 72.70

52 Reforested Land 0 0 0 0 0 

53 

57 

58 Baseline Scenario (Wastelands) 1.50 1.50 1.50 1.50 1.50 1.50 

59 17.89 

60 Mitigation Scenario (Reforestation) 125.48 125.48 125.48 125.48 125.48 125.48 

61 

63 

64 Initial Costs ($/ha/yr) 125.00 125.00 125.00 125.00 125.00

65 Recurrent Costs (Maintenance, etc.) ($/ha/yr) 0 0 0 0

66 Monitoring Costs ($/ha/yr) 0 0 0 0 0 

67 Establishment Costs ($/ha/yr) 
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68 Total Costs ($/ha/yr) 125.00 125.00 125.00 125.00 125.00 

69 Present Value of Costs ($/ha) 1,490.58 

70 

71 Annualized Value of Costs ($/ha/yr) 125.48 

72 Present Value of Initial Cost 1,490.58 

73 

75 

76 Baseline Scenario (Wastelands) 2.00 2.00 2.00 2.00 2.00 2.00 

77 

76 Mitigation Scenario (Reforestation) 103.80 103.80 103.80 103.80 103.80 103.80 

79 

81 

82 Timber Products ($/ha/yr) 0 0 0 0 0

83 Non-timber Benefits (fuelwood) ($/ha/yr) 100.00 100.00 100.00 100.00 100.00

64 Non-timber Benefits (resin, honey, fruits) ($/ha/yr) 4.00 4.00 4.00 4.00 4.00

85 Other Benefits ($/ha/yr) 

86 Total Benefits ($/ha/yr) 104.00 104.00 104.00 104.00 104.00

87 Present Value of Benefits ($/ha) 1,233.03 

88 Annualized Value of Benefits ($/ha/yr) 103.60 

89 

90 Net Present Value of Benefits ($/ha) 

91 

(257.55) 

93 Annually Created Incremental C Pool 0 1,150,888.50 1,150,888.50 1,150,888.50 0 21,866,881.50

94 

95 Baseline Scenario 

96 Wasteland 78,071,076.00 78,071,076.00 76,071,076.00 78,071,076.00 78,071,076.00

97 Mitigation Scenario 78,071,076.00 83,825,518.50 89,579,961.00 95,334,403.50 99,937,957.50

98 Wasteland 78,071,076.00 57,526,056.00 36,961,036.00 16,436,016.00 0

99 Reforested Land 0 26,299,462.50 52,598,925.00 78,898,387.50 99,937,957.50

100 
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102 Incremental Net Benetit 0 (6,268,597.88) (12,537,195.76) (18,805,793.64) (23,820,671.94) (45,698,411.75) 

103 0 

104 Baseline Scenario Net Benetit 536,940.00 536,940.00 536,940.00 536,940.00 536,940.00 6,044,754.19 

105 Cost 1,610,820.00 1,610,820.00 1,610,820.00 1,610,820.00 1,610,820.00 18,134,262.56 

106 Benetit 2,147,760.00 2,147,760.00 2,147,760.00 2,147,760.00 2,147,760.00 24,179,016.75 

107 

108 Mitigation Scenario Net Benetit 536,940.00 (5,731,657.88) (12,000,255.76) (18,268,853.64) (23,283,731.94) (39,653,657.57) 

109 Annual Cost of Wasteland 1,610,820.00 1,186,920.00 763,020.00 339,120.00 0 15,044,009.03 

110 Annualized Cost of Converted Land 0 35,461,888.62 70,923,777.23 106,385,665.85 134,755,176.75 258,519,053.01 

111 Annual Benefit from Wasteland 2,147,760.00 1,582,560.00 1,017,360.00 452,160.00 0 20,058,678.71 

112 Annualized Benefit from Converted Land 0 29,334,590.74 58,669,181.47 88,003,772.21 111,471,444.80 213,850,725.76 

113 Present Value of Initial Costs ($/ha) 0 84,247,393.20 84,247,393.20 84,247,393.20 0 374,759,752.65 

114 

116 Net Present Value of Benetit 

117 $/tC                                                                                                                                                              (2.09) 

118 $/ha                                                                                                                                                           (42.55) 

119 

120 Benefit of Reducing Atmospheric Carbon (BRAC) 

121 $/tC-yr                                                                                                                                                         (0.02) 

122 

123 Initial Cost 

124 $/tC                                                                                                                                                              17.14 

125 $/ha                                                                                                                                                            348.98 

126 

127 Endowment (Present Value of Costs) 

128 $/tC                                                                                                                                                              12.51 

129 $/ha                                                                                                                                                            254.74 

130 
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TABLE A2-8 
WATERSHED PLANTATIONS—–

COMAP OUTPUT SHEET 

6 Wasteland 645,750.00 645,750.00 645,750.00 645,750.00 645,750.00 645,750.00 645,750.00 

7 Mitigation Scenario 

8 Wasteland 645,750.00 645,750.00 562,500.00 450,000.00 337,500.00 225,000.00

9 Reforested Land 420,750.00 0 20,250.00 22,500.00 22,500.00 22,500.00 

10 

11 

12 

Step 4.1: Baseline Scenario Wasteland 

14 

15 Standing Vegetation Carbon 

16 Dry Weight (t/ha) 10.00 10.00 10.00 10.00 10.00

17 Carbon Density (%) 0.45 0.45 0.45 0.45 0.45 

18 

19 Soil Carbon 

20 Amount of Carbon Stored in Soil (tC/ha) 70.00 70.00 70.00 70.00 70.00

21 

22 Carbon Pool (tC/ha) 74.50 74.50 74.50 74.50 74.50

23 

24 

25 

26 Vegetation Carbon Pool 

27 Mean Annual Increment (tB/year/ha) 

28 Rotation Period (Years) 

29 Carbon density (%) 

30 
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31 Soil Carbon Pool 

32   Accumulation Period (years) 

33 

34 

35 Decompositing Matter Carbon Pool 

36 Decomposition Period (years) 

37 

Amount of Carbon Stored in Soil (tC/ha/yr) 

Amount of Decomposing Carbon (tC/ha/harvest) 

38 

39 Product Carbon Pool 

40 Average Age (years) 

41 

42 

43 

44 

45 

46 

Amount of Carbon Stored in Product (tC/ha/harvest) 

Carbon Pool Created by Mitigation Option (tC/ha) 

Carbon Pool lncluding Baseline Soil Carbon (tC/ha) 

48 Baseline Scenario 

49 Wasteland 74.50 74.50 74.50 74.50 74.50 

50 Mitigation Scenario 

51 Wasteland 74.50 74.50 74.50 74.50 74.50 

52 Reforested Land 0 0 0 0 0 

53 

57 

58 Baseline Scenario (Wastelands) 1.50 1.50 1.50 1.50 1.50 1.50 

59 17.89 

60 Mitigation Scenario (Reforestation) 371.08 371.08 371.08 371.08 371.08 371.08 

61 

63 

64 lnitial Costs ($/ha/yr) 344.00 394.00 444.00 494.00 544.00 

65 Recurrent Costs (Maintenance, etc.) ($/ha/yr) 6.00 7.00 8.00 9.00 10.00 

66 Monitoring Costs ($/ha/yr) 3.00 3.50 4.00 4.50 5.00 

67 Establishment Costs ($/ha/yr) 
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66 Total Costs ($/ha/yr) 353.00 404.50 456.00 507.50 559.00 

69 Present Value of Costs ($/ha) 4,407.92 

70 

71 Annualized Value of Costs ($/ha/yr) 371.08 

72 Present Value of Initial Cost 4,289.27 

73 

75 

76 Baseline Scenano (Wastelands) 2.00 2.00 2.00 2.00 2.00 2.00 

77 

78 Mitigation Scenario (Reforestation) 346.03 346.03 346.03 346.03 346.03 346.03 

79 

81 

82 Timber Products ($/ha/yr) 0 0 0 0 0 

83 Non-timber Benefits (fuelwood) ($/ha/yr) 325.00 375.00 425.00 475.00 525.00 

84 Non-timber Benefits (resin/honey/fruits) ($/ha/yr) 4.00 4.00 4.00 4.00 4.00 

85 Other Benefits ($/ha/yr) 

86 Total Benefits ($/ha/yr) 329.00 379.00 429.00 479.00 529.00 

87 Present Value of Benefits ($/ha) 4,110.40 

66 Annualized Value of Benefits ($/ha/yr) 346.03 

89 

90 Net Present Value of Benefits ($/ha) 

91 

(297.51) 

93 Annually Created Incremental C Pool 0 831,515.63 923,906.25 923,906.25 923,906.25 17,277,046.88 

94 

95 Baseline Scenano 

96 Wasteland 48,106,375.00 48,108,375.00 48,108,375.00 48,108,375.00 46,106,375.00 

97 Mitigation Scenano 46,108,375.00 51,526,828.13 56,146,359.38 60,765,890.63 65,385,421.88 

98 Wasteland 48,108,375.00 41,906,250.00 33,525,000.00 25,143,750.00 16,762,500.00 

99 Reforested Land 0 9,620,578.13 22,621,359.38 35,622,140.63 48,622,921.88 

100 
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102 Incremental Net Benefit 0 (2,126,729.68) (5,000,688.70) (7,874,647.72) (10,748,606.74) (18,120,667.05) 

103 

104 Baseline Scenario Net Benefit 322,875.00 322,875.00 322,875.00 322,875.00 322,875.00 3,634,856.80 

105 Cost 966,625.00 968,625.00 968,625.00 968,625.00 968,625.00 10,904,570.39 

106 Benefit 1,291,500.00 1,291,500.00 1,291,500.00 1,291,500.00 1,291,500.00 14,539,427.19 

107 

108 Mitigation Scenano Net Benefit 322,875.00 (1,803,854.68) (4,677,813.70) (7,551,772.72) (10,425,731.74) (14,465,810.26) 

109 Annual Cost of Wasteland 966,625.00 643,750.00 675,000.00 506,250.00 337,500.00 9,840,580.77 

110 Annualized Cost of Converted Land 0 30,692,513.70 72,639,153.84 114,385,793.98 156,132,434.12 263,217,728.85 

111 Annual Benefit from Wasteland 1,291,500.00 1,125,000.00 900,000.00 675,000.00 450,000.00 13,120,774.36 

112 Annualized Benefit from Converted Lard 0 28,607,409.03 67,736,340.14 106,665,271.26 145,594,202.38 245,451,725.00 

113 Present Value of Initial Costs ($/ha) 0 86,657,794.19 96,506,660.21 96,508,660.21 96,508,660.21 391,432,476.21 

114 

116 Net Present Value of Benefit 

117 $/tC    (1.05) 

118 $ha   (43.07) 

119 

120 Benefit of Reducing Atmospheric Carbon (BRAC) 

121 $/tC-yr   (0.01) 

122 

123 Initial Cost 

124 $/tC   22.66 

125 $/ha   930.32 

126 

127 Endowment (Present Value of Costs) 

128 $/tC   15.80 

129 $/ha   648.98 

130 

PAGE 262 PAKISTAN 

1 B C D E F P U Z AE AJ AX 
2 Year 1980 1990 2000 2005 2010 2015 2020 
3 Output Sheet 

101                              Step 6.2: Total Costs and Benefits of Forestation Program ($/yr)    Present Value ($) 

115 Step 7: Cost-effectiveness Indicators for the 40-year Program 

file:///Users/taralaan/Dropbox/Pakistan%20INDC%20&%20Low%20Carbon%20Scenarios/Forestry/13042016/SCREEN-2.pdf


APPENDIX 2 FORESTRY AND 
LAND-USE CHANGE 

TABLE A2-9 
AGROFORESTRY—–COMAP 

OUTPUT SHEET 

5 Baseline Scenario 

6 Wasteland 2,540,000.00 2,540,000.00 2,540,000.00 2,540,000.00 2,540,000.00 2,540,000.00 2,540,000.00 

7 Mitigation Scenario 

8 Wasteland 2,540,000.00 2,540,000.00 2,348,000.00 2,028,000.00 1,708,000.00 1,388,000.00 

9 Reforested Land  0 48,000.00 64,000.00 64,000.00 64,000.00 

10 

14 

15 Standing Vegetation Carbon 

16 Dry Weight (t/ha) 12.00 12.00 12.00 12.00 12.00 

17 Carbon Density (%)  0.45 0.45 0.45 0.45 0.45 

18 

19 Soil Carbon 

20 Amount of Carbon Stored in Soil (tC/ha)  70.00 70.00 70.00 70.00 70.00 

21 

22 Carbon Pool (tC/ha) 75.40 75.40 75.40 75.40 75.40 

23 

25 

26 Vegetation Carbon Pool 

27 Mean Annual Increment (tB/year/ha) 

28 Rotation Period (years) 

29 Carbon Density (%) 

30 
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31 Soil Carbon Pool 

32 Accumulation Period (years) 

33 

34 

35 Decompositing Matter Carbon Pool 

36 Decomposition Period (years) 

37 

38 

39 Product Carbon Pool 

40 Average Age (years) 

41 

42 

43 

44 

45 

46 

Amount of Carbon Stored in Soil (tC/ha/yr) 

Amount of Decomposing Carbon (tC/ha/harvest) 

Amount of Carbon Stored in Product (tC/ha/harvest) 

Carbon Pool Created by Mitigation Option (tC/ha) 

Carbon Pool including Baseline Soil Carbon (tC/ha) 

48 Baseline Scenario 

49 Wasteland 74.50 74.50 74.50 74.50 74.50 

50 Mitigation Scenario 

51 Wasteland 74.50 74.50 74.50 74.50 74.50 

52 Reforested Land 0 0 0 0 0 

53 

57 

58 Baseline Scenario (Wastelands) 0 0 0 0 0 0 

59 0 

60 Mitigation Scenario (Reforestation) 22.76 22.76 22.76 22.76 22.76 22.76 

61 

63 

64 Initial Costs ($/ha/yr) 15.51 19.80 25.27 32.25 41.16 

65 Recurrent Costs (Maintenance, etc.) ($/ha/yr) 3.10 3.96 5.05 6.45 8.23 

66 Monitoring Costs ($/ha&) 0 0 0 0 0 

67 Establishment Costs ($/ha/yr) 

PAGE 264 PAKISTAN 

1 B C D E F P U Z AE AJ AX 

2 Year 1980 1990 2000 2005 2010 2015 2020 
3 Output Sheet 

47 Step 4.3: Total Carbon Density (tC/ha) 

54 Step 5: Estimating Costs and Benefits 

55 

56 Step 5.1: Costs ($/ha/yr) 

62 Step 5.1.1: Stream of Costs ($/ha) of Reforestation 

file:///Users/taralaan/Dropbox/Pakistan%20INDC%20&%20Low%20Carbon%20Scenarios/Forestry/13042016/SCREEN-2.pdf


APPENDIX 2 FORESTRY AND 
LAND-USE CHANGE 

68 Total Costs ($/ha/yr) 18.62 23.76 30.32 38.70 49.3 

69 Present Value of Costs ($/ha) 270.38 

70 

71 Annualized Value of Costs ($/ha/yr) 22.76 

72 Present Value of Initial Cost 225.31 

73 

75 

76 Baseline Scenario (Wastelands) 0 0 0 0 0 0 

77 

78 Mitigation Scenario (Reforestation) 77.57 77.57 77.57 77.57 77.57 77.57 

79 

81 

82 Timber Products ($/ha/yr) 0 0 0 0 0 

83 Nontimber Benefits (fuelwood) ($/ha/yr) 325.00 375.00 425.00 475.00 525.00 

84 Nontimber Benefits (resin/honey/fruits) ($/ha/yr) 4.00 4.00 4.00 4.00 4.00 

85 Other Benefits ($/ha/yr) 

86 Total Benefits ($/ha/yr) 329.00 379.00 429.00 479.00 529.00 

87 Present Value of Benefits ($/ha) 4,110.40 

88 Annualized Value Of Benefits ($/ha/yr) 346.03 

89 

90 Net Present Value of Benefits ($/ha) 

91 

(297.51) 

93 Annually Created Incremental C Pool 0 3,140,400.00 4,167,200.00 4,187,200.00 4,187,200.00 75,369,600.00 

94 

95 Baseline Scenario 

96 Wasteland 191,516,000.00 191,516,000.00 191,516,000.00 191,516,000.00 191,516,000.00 

97 Mitigation Scenario 191,516,000.00 204,077,600.00 225,013,600.00 245,949,600.00 266,885,600.00 

98 Wasteland 191,516,000.00 177,039,200.00 152,911,200.00 128,783,200.00 104,655,200.00 

99 Reforested Land 0 27,038,400.00 72,102,400.00 117,166,400.00 162,230,400.00 

100 
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102 Incremental Net Benefit 0 10,523,531.40 28,062,750.41 45,601,969.41 63,141 ,I 88.41 101,408,359.04 

103 

104 Baseline Scenario Net Benefit 0 0 0 0 0 0 

105 Cost 0 0 0 0 0 0 

106 Benefit 0 0 0 0 0 0 

107 

108 Mitigation Scenario Net Benefit 0 10,523,531.40 28,062,750.41 45,601,969.41 63,141,188.41 101,408,359.04 

109 Annual Cost of Wasteland 0 0 0 0 0 0 

110 Annualized Cost of Converted Land 0 4,370,252.39 11,654,006.38 18,937,760.36 26,221,514.35 42,113,251.40 

111 Annual Benefit from Wasteland 0 0 0 0 0 0 

112 Annualized Benefit from Converted Land 0 14,893,783.79 39,716,756.78 64,539,729.77 89,362,702.76 143,521,610.44 

113 Present Value of Initial Costs ($/ha) 0 10,815,083,99 14,420,111.98 14,420,111.98 14,420,l 11.98 54,763,236.92 

114 

116 Net Present Value of Benefit 

117 $/tC   1.35 

118 $ha 88.03 

119 

120 Benefit of Reducing Atmospheric Carbon (BRAC) 

121 $/tC-yr   0.01 

122 

123 Initial Cost 

124 $/tC   0.73 

125 $/ha   47.54 

126 

127 Endowment (Present Value of Costs) 

128 $/tC   0.56 

129 $/ha   36.56 

130 
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TABLE A2-1 0 
PLANTATIONS ON AGRICULTURAL 

LAND 

5 Baseline Scenario 

6 Wasteland 1,500,000.00 1,500,000.00 1,500,000.00 1,500,000.00 1,500,000.00 1,500,000.00 1,500,000.00 

7 Mitigation Scenario 

8 Wasteland 1,500,000.00 1,500,000.00 1,250,000.00 1,000,000.00 750,000.00 500,000.00 

9 Reforested Land 0 50,000.00 50,000.00 50,000.00 50,000.00 

12 

14 

15 Standing Vegetation Carbon 

16 Dry Weight (t/ha) 12.00 12.00 12.00 12.00 12.00 

17 Carbon Density (%) 0.45 0.45 0.45 0.45 0.45 

18 

19 Soil Carbon 

20 Amount of Carbon Stored in Soil (tC/ha) 70.00 70.00 70.00 70.00 70.00 

21 

22 Carbon Pool (tC/ha) 75.40 75.40 75.40 75.40 75.40 

23 

25 

26 Vegetation Carbon Pool 

27 Mean Annual Increment (tB/year/ha) 

28 Rotation Period (years) 

29 Carbon Density (%) 

30 
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31 Soil Carbon Pool 

32 Accumulation Period (years) 

33 

34 

35 Decompositing Matter Carbon Pool 

36 Decomposition Period (years) 

37 

38 

39 Product Carbon Pool 

40 Average Age (years) 

41 

42 

43 

44 

45 

46 

Amount of Carbon stored in Soil (tC/ha/yr) 

Amount of Decomposing Carbon (tC/ha/harest) 

Amount of Carbon Stored in Product (tC/ha/harvest) 

Carbon Pool Created by Mitigation Option (tC/ha) 

Carbon Pool including Baseline Soil Carbon (tCha) 

48 Baseline Scenario 

49 Wasteland 74.50 74.50 74.50 74.50 74.50 

50 Mitigation Scenario 

51 Wasteland 74.50 74.50 74.50 74.50 74.50 

52 Reforested Land 0 0 0 0 0 

53 

55 

57 

58 Baseline Scenario (Wastelands) 0 0 0 0 0 0 

59 0 

60 Mitigation Scenario (Reforestation) 2.49 2.49 2.49 2.49 2.49 2.49 

61 

63 

64 Initial Costs ($/ha/yr) 2.00 2.00 2.00 2.00 2.00 

65 Recurrent Costs (Maintenance, etc.) ($/ha/yr)  0.25 0.50 0.50 1.00 1.00 

66 Monitoring Costs ($/ha/yr) 0 0 0 0 0 

67 Establishment Costs ($/ha/yr) 

PAGE 268 PAKISTAN 

1 B C D E F P U Z AE AJ 

2 Year 1980 1990 2000 2005 2010 2015 2020 

3 Output Sheet 

47 Step 4.3 : Total Carbon Density (tC/ha) 

54 Step 5: Estimating Costs and Benefits 

56 Step 5.1: Coss ($/ha/yr) 

62 Step 5.1.1: Stream of Costs ($/ha) of Reforestation 

file:///Users/taralaan/Dropbox/Pakistan%20INDC%20&%20Low%20Carbon%20Scenarios/Forestry/13042016/SCREEN-2.pdf


APPENDIX 2 FORESTRY AND 
LAND-USE CHANGE 

68 Total Costs ($/ha/yr) 2.25 2.50 2.50 3.00 3.00 

69 Present Value of Costs ($/ha) 29.52 

70 

71 Annualized Value of Costs ($/ha/yr) 2.49 

72 Present Value of Initial Cost 23.85 

73 

75 

76 Baseline Scenario (Wastelands) 0 0 0 0 0 0 

77 

78 Mitigation Scenario (Reforestation) 12.23 12.23 12.23 12.23 12.23 12.23 

79 

81 

62 Timber Products ($/ha/yr) 2.00 2.21 2.44 2.69 2.97 

83 Non-timber Benetits (fuelwood) ($/ha/yr) 15.00 16.56 18.28 20.19 22.29 

64 Non-timber Benefits (resin, honey, fruits) ($/ha/yr) 0 0 0 0 0 

85 Other Benefits ($/ha/yr) 

86 Total Benefits ($/ha/yr) 17.00 16.77 20.72 22.88 25.26 

67 Present Value of Benetits ($ha) 145.25 

88 Annualized Value of Benefits ($/ha&) 12.23 

89 

90 Net Present Value of Benefits ($/ha) 

91 

115.73 

93 Annually Created Incremental C Pool 0 373,750.00 373,750.00 373,750.00 373,750.00 7,475,000.00 

94 

95 Baseline Scenario 

96 Wasteland 113,100,000.00 113,100,000.00 113,100,000.00 113,100,000.00 113,100,000.00 

97 Mitigation Scenario 113,100,000.00 114,968,750.00 116,637,500.00 118,706,250.00 120,575,000.00 

98 Wasteland 113,100,000.00 94,250,000.00 75,400,000.00 56,550,000.00 37,700,000.00 

99 Reforested Lard 0 20,718,750.00 41,437,500.00 62,156,250.00 82,875,000.00 

100 
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31 Soil Carbon Pool 

32 Accumulation Period (years) 

33 

34 

35 Decompositing Matter Carbon Pool 

36 Decomposition Period (years) 

37 

38 

39 Product Carbon Pool 

40 Average Age (years) 

41 

42 

43 

44 

45 

46 

Amount of Carbon stored in Soil (tC/ha/yr) 

Amount of Decomposing Carbon (tC/ha/harvest) 

Amount of Carbon Stored in Product (tC/ha/harvest) 

Carbon Pool Created by Mitigation Option (tC/ha) 

Carbon Pool Including Baseline Soil Carbon (tC/ha) 

48 Baseline Scenario 

49 Wasteland 74.50 74.50 74.50 74.50 74.50 

50 Mitigation Scenario 

51 Wasteland 74.50 74.50 74.50 74.50 74.50 

52 Reforested Land 0 0 0 0 0 

53 

55 

57 

58 Baseline Scenario (Wastelands) 0 0 0 0 0 0 

59 0 

60 Mitigation Scenario (Reforestation) 2.49 2.49 2.49 2.49 2.49 2.49 

61 

63 

64 Initial Costs ($/ha/yr) 2.00 2.00 2.00 2.00 2.00 

65 Recurrent Costs (Maintenance, etc ) ($/ha/yr) 0.25 0.50 0.50 1.00 1.00 

66 Monitoring Costs ($/ha/yr) 0 0 0 0 0 

67 Establishment Costs ($/ha/yr) 
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TABLE A2-1 1 
SUSTAINABLE GROWTH AND 

EXTRACTION RATES OF BIOMASS 

PRODUCTS—–BASE CASE 1990 

Conifer Forest 0.70 1.00 0.70 0.70 0.30 0.49 0.21 0.70 0.91 0.39 1.30

Scrub Forest 1.00 0.20 0.20 1.00 0 0.20 0 0.20 0.20 0 0.20 

Riverain Forest 1.80 1.00 1.80 0.80 0.20 1.44 0.36 1.80 1.70 0.30 2.00 

Mangrove Forest 0.33 0.70 0.23 1.00 0 0.23 0 0.23 0.33 0 0.33 

Commercial 2.50 1.00 2.50 0.85 0.15 2.13 0.38 2.50 2.25 0.25 2.50
Plantation 

Watershed Plantation 0.80 0.50 0.40 0.95 0.05 0.38 0.02 0.40 0.25 0 0.35 

Agroforestry 2.00 1.00 2.00 0.80 0.20 1.60 0.40 2.00 0 0 0 

Agricultural Land 0.55 1.00 0.55 0.90 0.10 0.50 0.06 0.55 0.54 0.04 0.58

Rangeland 0.02 1.00 0.02 1.00 0 0.02 0 0.02 0.01 0 0.01 

Urban/Roadside 1.75 1.00 1.75 0.85 0.15 1.49 0.26 1.75 1.11 0.20 1.3 
Plantation 

TABLE A2-12 
SUSTAINABLE GROWTH AND 

EXTRACTION RATES OF BIOMASS 

PRODUCTS—–BASE CASE 2010 

Conifer Forest 0.75 1.00 0.75 0.60 0.40 0.45 0.30 0.75 0.93 0.62 1.55 

Scrub Forest 1.00 0.20 0.20 1.00 0 0.20 0 0.20 0.50 0 0.50 

Riverain Forest 2.20 1.00 2.20 0.80 0.20 1.76 0.44 2.20 2.50 0.63 3.13 

Mangrove Forest 0.33 0.60 0.20 1.00 0 0.20 0 0.20 0.20 0 0.20 

Commercial 2.70 1.00 2.70 0.85 0.15 2.30 0.41 2.70 3.20 0.56 3.76 
Plantation 

Watershed Plantation 1.00 0.60 0.60 0.95 0.05 0.57 0.03 0.60 0.70 0.04 0.74

Agroforestry 2.20 1.00 2.20 0.80 0.20 1.76 0.44 2.20 1.76 0.44 2.20 

Agricultural Land 0.75 1.00 0.75 0.90 0.10 0.68 0.08 0.75 0.75 0.08 0.83

Rangeland 0.03 1.00 0.03 1.00 0 0.03 0 0.03 0.03 0 0.03 

Urban/Roadside 2.00 0.80 1.60 0.85 0.15 1.36 0.24 1.60 1.50 0.26 1.76 
Plantation 
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TABLE A2-1 3 
SUSTAINABLE GROWTH AND 

EXTRACTION RATES OF BIOMASS 

PRODUCTS—–BASE CASE 2030 

FORESTRY AND 
LAND-USE CHANGE 

Conifer Forest 0.79 1.00 0.79 0.60 0.40 0.48 0.32 0.79 2.25 1.50 3.75

Scrub Forest 1.00 0.30 0.30 1.00 0 0.30 0 0.30 0.35 0 0.35

Riverain Forest 2.56 1.00 2.56 0.80 0.20 2.05 0.51 2.56 3.00 0.75 3.75

Mangrove Forest 0.33 0.60 0.20 1.00 0 0.20 0 0.20 0.20 0 0.20

Commercial 3.30 1.00 3.30 0.85 0.15 2.81 0.50 3.30 3.50 0.62 4.12
Plantation 

Watershed Plantation 1.00 0.60 0.60 0.95 0.05 0.57 0.03 0.60 0.80 0 0.80

Agroforestry 2.40 1.00 2.40 0.80 0.20 1.92 0.48 2.40 2.25 0.56 2.81

Agricultural Land 1.10 1.00 1.10 0.85 0.15 0.94 0.17 1.10 1.05 0.19 1.24

Rangeland 0.03 1.00 0.03 1.00 0 0.03 0 0.03 0.04 0 0.04

Urban/Roadside 2.20 0.80 1.76 0.85 0.15 1.50 0.26 1.76 2.40 0.42 2.82
Plantation 

TABLE A2-14 
SUSTAINABLE GROWTH AND 

PRODUCTS—–MITIGATION 

EXTRACTION RATES OF BIOMASS 

SCENARIO 2010 

Conifer Forest 0.80 1.00 0.80 0.60 0.40 0.48 0.32 0.80 0.73 0.48 1.21 

Scrub Forest 1.00 0.20 0.20 1.00 0 0.20 0 0.20 0.43 0 0.43

Riverain Forest 2.20 1.00 2.20 0.80 0.20 1.76 0.44 2.20 2.50 0.63 3.13

Mangrove Forest 0.33 0.60 0.20 1.00 0 0.20 0 0.20 0.20 0 0.20

Commercial 2.80 1.00 2.80 0.85 0.15 2.38 0.42 2.80 3.36 0.59 3.95
Plantation 

Watershed Plantation  1.00 1.00 1.00 0.95 0.05 0.95 0.05 1.00 0.88 0.05 0.92

Agroforestry 2.25 1.00 2.25 0.80 0.20 1.80 0.45 2.25 1.76 0.44 2.20

Agricultural Land 0.75 1.00 0.75 0.87 0.13 0.65 0.10 0.75 0.74 0.11 0.84

Rangeland 0.04 1.00 0.04 1.00 0 0.04 0 0.04 0.05 0 0.05

Urban/Roadside 2.30 1.00 2.30 0.85 0.15 1.96 0.35 2.30 2.48 0.44 2.91
Plantation 

PAGE 272 PAKISTAN 

Land Use Type 

Growth 
Rate 

Sustainable 
Share 

Existing 
Growth 
Rate 

Fuelwood 
Industrial 

wood 
Fuelwood Industrial 

wood Total Fuelwood Industiral 
wood 

Total 

t/ha percent t/ha Percentage 
share 

Percentage 
share 

t/ha t/ha t/ha t/ha t/ha t/ha 

Land Use Type 

Growth 
Rate 

Sustainable 
Share 

Existing 
Growth 
Rate 

Fuelwood 
Industrial 

wood 
Fuelwood Industrial 

wood Total Fuelwood Industrial 
wood Total 

t/ha percent t/ha percentage 
share 

percentage 
share t/ha t/ha t/ha t/ha t/ha t/ha
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APPENDIX 2 FORESTRY AND 
LAND-USE CHANGE 

TABLE A2-15 
SUSTAINABLE GROWTH AND 

EXTRACTION RATES OF BIOMASS 

PRODUCTS—– MITIGATION 

SCENARIO 2030 

Conifer Forest 1.38 1.00 1.38 0.60 0.40 0.83 0.55 1.38 0.83 0.56 1.39

Scrub Forest 1.00 0.32 0.32 1.00 0 0.32 0 0.32 0.32 0 0.32 

Riverain Forest 3.00 1.00 3.00 0.80 0.20 2.40 0.60 3.00 2.40 0.60 3.00 

Mangrove Forest 0.33 0.60 0.20 1.00 0 0.20 0 0.20 0.19 0 0.19 

Commercial 4.38 1.00 4.38 0.80 0.20 3.50 0.88 4.38 3.50 0.88 4.38
Plantation 

Watershed Plantation 1.50 1.00 1.50 0.95 0.05 1.43 0.08 1.50 1.08 0.06 1.14

Agroforestry 3.50 1.00 3.50 0.80 0.20 2.80 0.70 3.50 2.03 0.51 2.53

Agricultural Land 1.20 1.00 1.20 0.75 0.25 0.90 0.30 1.20 1.00 0.33 1.33

Rangeland 0.05 1.00 0.05 1.00 0 0.05 0 0.05 0.06 0 0.06

Urban/Roadside 2.50 1.00 2.50 0.80 0.20 2.00 0.50 2.50 2.40 0.60 3.00
Plantation 

TABLE A2-1 6 
CHANGE IN AREA—– 

MITIGATION SCENARIO, ’000 
HA 

Conifer Forest Increase 2.70 2.70 2.70 2.70 5.40 5.40 5.40 8.10 8.10 9.90

Commercial Increase 0.45 0.45 0.45 0.45 0.45 1.35 1.35 1.35 1.35 1.35
Plantation 

Agroforestry Increase 36.00 36.00 36.00 36.00 48.00 64.00 64.00 64.00 64.00 64.00

Rangeland Decrease -18.45 -18.45 -18.45 -18.45 -25.65 -27.90 -27.90 -30.60 -30.60 -32.40

PAKISTAN PAGE 273 

Land Use Type 

Growth 
Rate 

Sustainable 
Share 

Existing 
Growth 
Rate 

Fuelwood 
Industrial 

Wood Fuelwood Industrial 
Wood Total Fuelwood 

Industrial 
Wood Total 

t/ha percent t/ha
percentage 

share 
percentage 

share t/ha t/ha t/ha t/ha t/ha t/ha

Year 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Reverain 
Forest 

Increase 1.00 1.00 1.00 2.00 2.00 2.00 3.00 5.62 5.62 5.62

Watershed 
Plantation 

Increase 15.75 15.75 15.75 15.75 20.25 22.50 22.50 22.50 22.50 22.50

Agricultural 
Land 

Increase -37.45 -37.45 -37.45 -38.45 -50.45 -67.35 -68.35 -70.97 -70.97 -70.97 
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APPENDIX 2 FORESTRY AND 
LAND-USE CHANGE 

Conifer Forest Increase 9.90 9.90 9.90 9.90 9.90 9.90 9.90 9.90 9.90 9.90

Commercial Increase 1.80 1.80 1.80 1.80 1.80 2.25 2.25 2.25 2.25 2.25
Plantation 

Agroforestry Increase 64.00 64.00 64.00 64.00 64.00 64.00 64.00 64.00 64.00 64.00

Rangeland Decrease -32.40 -32.40 -32.40 -32.40 -32.40 -32.40 -32.40 -32.40 -32.40 -32.40

Conifer Forest Increase 9.90 9.90 9.90 9.90 9.90 9.90 9.90 9.90 9.90 9.90

Commercial Increase 0 0 0 0 0 0 0 0 0 0
Plantation 

Agroforestry Increase 64.00 64.00 64.00 64.00 64.00 64.00 64.00 64.00 64.00 64.00

Rangeland Decrease -32.40 -32.40 -32.40 -32.40 -32.40 -32.40 -32.40 -32.40 -32.40 -32.40

PAGE 274 PAKISTAN 

Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Riverain 
Forest 

Increase 5.62 5.62 5.62 5.62 5.62 5.62 5.62 5.62 5.62 5.62

Watershed 
Plantatin 

Increase 22.50 22.50 22.50 22.50 22.50 22.50 22.50 22.50 22.50 22.50 

Agricultural 
Land 

Decrease -71.42 -71.42 -71.42 -71.42 -71.42 -71.87 -71.87 -71.87 -71.87 -71.87 

Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Riverain 
Forest 

Increase 5.62 5.62 5.62 5.62 5.62 5.62 5.62 5.62 5.62 5.62 

Watershed 
Plantation 

Increase 22.50 22.50 22.50 22.50 22.50 22.50 22.50 22.50 22.50 22.50

Agricultural 
Land 

Decrease -69.62 -69.62 -69.62 -69.62 -69.62 -69.62 -69.62 -69.62 -69.62 -69.62 
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APPENDIX 2 FORESTRY AND 
LAND-USE CHANGE 

TABLE A2-1 7 
COSTS OF MITIGATION OPTIONS, 

$HA/YR 

Initial Costs 15.00 2.00 5.00 113.00 364.00 325.00 600.00 125.00 600.00 

Recurrent 3.00 0.50 7.00 7.00 7.00 467.00 467.00 
(Maintenance, 
etc.) Costs 

Monitoring 0.50 3.50 3.50 3.50 10.00 12.00 
costs 

Establishment 
costs 

Annualized 23.00 2.50 10.50 120.00 371.00 342.00 1,083.00 125.00 1,083.00 
Value of Costs 

Conifer Forest 2.17 2.17 2.17 2.17

Riverain Forest 0.20 0.20 0.20 0.20

Commercial Plantation 0.12 0.12 0.12 0.12

Agroforestry 0 0.27 0.61 0.95

Rangeland 32.25 32.09 31.94 31.78

Others 39.25 39.25 39.25 39.25

PAKISTAN 

TABLE A2-1 8 
LAND USE—–BASE CASE, 

PERCENTAGE 

PAGE 275 

Agroforestry 

Plantations 
on 

Agricultural 
Land 

Protection 
of Conifer 

Forests 

ENR in 
Conifer 
Forests 

Reforestation 
in Conifer 

Forest 

Riverain 
Forest 

Plantations 

Rangeland 
Management 

Watershed 
Plantations 

Commercial 
Plantations 

- - 

- - - - - - - 

Total Costs 18.00 2.50 5.50 123.50 374.50 335.50 1,077.00 125.00 1,079.00 

Base Case 1990 2000 2010 2020

Srub Forest 1.35 1.35 1.35 1.35

Mangrove Forest 0.24 0.24 0.24 0.24

Watershed Plantation 0.15 0.31 0.47 0.63

Agricultural Land 24.10 23.82 23.48 23.14

Urban/Roadside Plantation 0.18 0.18 0.18 0.18

- - 

-
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TABLE A3-1 9 
LAND USE—–MITIGATION CASE, 

PERCENTAGE 
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FORESTRY AND 
LAND-USE CHANGE 

2.17 2.17 2.23 2.35Conifer Forest 

Riverain Forest 0.20 0.20 0.23 0.29 

Commercial Plantation 0.12 0.12 0.13 0.15

Agroforestry 0 0.27 0.85 1.58

Rangeland 32.25 32.09 31.81 31.44

Others 39.25 39.25 39.25 39.25

PAKISTAN 

Mitigation Case 1990 2000 2010 2020 

Scrub Forest 1.35 1.35 1.35 1.35

Mangrove Forest 0.24 0.24 0.24 0.24

Watershed Plantation 0.15 0.31 0.53 0.79

Agricultural Land 24.10 23.82 23.20 22.39

Urban/Roadside Plantation 0.18 0.18 0.18 0.18
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Dairy Cattle 8.20 8.15 8.26 8.30 8.33 8.36 8.40 

Nondairy 9.60 9.55 9.68 9.72 9.76 9.80 9.84
Cattle 

Buffaloes 17.40 17.80 22.30 25.24 28.58 32.35 36.63 

Horses 0.40 0.40 0.31 0.32 0.32 0.32 0.32 

Sheep 25.70 26.30 32.82 37.09 40.71 42.52 42.26 

Camels 1.00 1.10 1.30 1.48 1.68 1.92 2.18 

Goats 35.40 37.00 54.04 66.77 80.15 91.66 99.83 

Mules & 3.50 3.60 4.85 5.72 6.54 7.12 7.38 
Donkeys 

Note: Assumptions for livestock population growth: 
1 .  

2. 

3.  

The population of horses will grow at the rate of 1% per year up to 2005 and 
then remain constant. 
The population of goats will increase at the rate of 4.32% per year up to 
2005; thereafter; the rate will decrease by 0.2% per year. 
The population of mules and donkeys will increase at the rate of 3.32% per 
year up to 2005; thereafter; the rate will decrease by 0.2% per year. 

Source: EAW (1997) 

Dairy Cattle 46.00 

Buffaloes 55.00 

Sheep 5.00 

Goats 5.00 

Source: HBP (1997a) 

PAKISTAN 

APPENDIX 3 
AGRICULTURE AND LIVESTOCK 

TABLE A3-1 
LIVESTOCK POPULATION 

PROJECTIONS—–BASE CASE 

SCENARIO, MILLIONS 

TABLE A3-2 
EMISSION FACTORS—BASE 

CASE SCENARIO, KG 
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Year 1990 1991 2000 2005 2010 2015 2020 

Total 101.20 103.90 133.57 154.64 176.07 194.06 206.83 

Category Methane/Head-Year 

Nondairy Cattel 25.00 

Horses 18.00 

Camels 46.00 

Mules & Donkeys 10.00 
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TABLE A3-3 
BASELINE EMISSIONS, 

KILO TONNES 

TABLE A3-4 

MITIGATION SCENARIO, 

LIVESTOCK POPULATION—– 

MILLIONS 
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AGRICULTURE AND LIVESTOCK 

377.05 374.94 380.08 381.61 383.14 384.67 386.22 Dairy 
Cattle 

Nondairy 240.08 238.73 242.01 242.98 243.95 244.93 245.91 
Cattle 

Buffaloes 957.00 979.00 1,226.47 1,388.44 1,571.81 1,779.40 2,014.40 

Horses 7.20 7.20 5.56 5.85 5.85 5.85 5.85 

Sheep 128.50 131.50 164.11 185.46 203.53 212.60 211.28 

Camels 46.00 50.60 59.69 67.99 77.44 88.22 100.49 

Goats 177.00 185.00 270.20 333.85 400.76 458.32 499.13 

35.00 36.00 48.53 57.15 65.37 71.20 73.81 Mules & 
Donkeys 

Total 
Methane 1,967.83 2,002.97 2,396.66 2,663.33 2,951.85 3,245.18 3,537.08 
Emissions 

Base Case Emissions 
Cumulative Methane Emissions (1991-2020): 81.62 million tonnes  
Cumulative CO2 -equivalent Emissions (1991-2020): 1,714.02 million tonnes 

Dairy Cattle 8.20 8.15 8.26 6.94 6.36 5.48 4.20

Target Dairy 0 0 0 1.35 1.97 2.88 4.20
Cattle 

Nondairy 9.60 9.55 9.68 9.72 9.76 9.80 9.84
Cattle 

Dairy 6.35 6.50 8.14 7.72 7.97 7.75 6.68
Buffaloes 

Target Dairy 0 0 0 1.49 2.46 4.05 6.68 
Buffaloes 

Nondairy 11.05 11.30 14.16 16.03 18.15 20.54 23.26 
Buffaloes 

Horses 0.40 0.40 0.31 0.32 0.32 0.32 0.32

Sheep 25.70 26.30 32.82 37.09 40.71 42.52 42.26

Camels 1.00 1.10 1.30 1.48 1.68 1.92 2.18

Goats 35.40 37.00 54.04 66.77 80.15 91.66 99.83

Mules & 3.50 3.60 4.85 5.72 6.54 7.12 7.38
Donkeys 

Note: It is assumed that all dairy livestock will be fed MNB by 2020. 

PAKISTAN 

Year 1990 1991 2000 2005 2010 2015 2020 

Total CO2 - 
equivalent 
Emissions 

41,324.50 42,062.29 50,329.89 55,930.02 61,988.75 68,148.79 74,278.71

Year 1990 1991 2000 2005 2010 2015 2020 

Total 101.20 103.90 133.57 154.64 176.07 194.06 206.83 
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Dairy Cattle 46.00 35.42 

Dairy Buffaloes 55.00 42.35 

Horses 18.00 18.00 

Camels 46.00 46.00 

Mules & Donkeys 10.00 10.00 

!"#$%&'()*+( ,-../01(

Dairy Cattle 377.05 374.94 380.08 319.39 292.38 252.29 193.11

Cattle 

Nondairy 240.08 238.73 242.01 242.98 243.95 244.93 245.91
Cattle 

Dairy 349.31 357.34 447.66 424.74 438.45 426.49 367.63
Buffaloes 

Target 0 0 0 47.91 69.88 101.94 148.69

Target 0 0 0 63.18 104.15 171.70 283.07
Buffaloes 

Nondairy 607.70 621.67 778.81 881.66 998.10 1,129.92 1,279.14 
Buffaloes 

Horses 7.20 7.20 5.56 5.85 5.85 5.85 5.85

Sheep 128.50 131.50 164.11 185.46 203.53 212.60 211.28

Camels 46.00 50.60 59.69 67.99 77.44 88.22 100.49 

Goats 177.00 185.00 270.20 333.85 400.76 458.32 499.13 

Mules & 35.00 36.00 48.53 57.15 65.37 71.20 73.81
Donkeys 

23435043"6(!%&60$3"(
7#8#9043:&(2&4;06&(<83==3"6=(,-..->?@?@1'(

7#8#9043:&(7A?>&B#3:09&64(<83==3"6=(,-..->?@?@1'(((-CDE/FE.(83993"6(4"66&=(
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PAKISTAN 

AGRICULTURE AND LIVESTOCK 

TABLE A3-5 

BASE CASE AND MITIGATION 

SCENARIO, KG METHANE/ 

HEAD/YEAR 

EMISSION FACTORS FOR 

TABLE A3-6 
MITIGATION SCENARIO 

EMISSIONS, KILOTONNES 
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Category Base Case Mitigation 

Nonairy Cattle 25.00 25.00 

Nondaiy Buffaloes 55.00 55.00 

Sheep 5.00 5.00 

Goats 5.00 5.00 

Year 1990 1991 2000 2005 2010 2015 2020 

Total 
Methane 
Emissions 

1,967.83 2,002.97 2,396.66 2,630.15 2,899.86 3,164.44 3,408.11

Total 
Emissions 
in CO2- 
equivalent 

41,324.50 42,062.29 50,329.89 55,233.22 60,897.07 66.432.31 71,570.36 
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TABLE A3-7 
FEED COST PER ANIMAL PER 

DAY—–BASE CASE SCENARIO, 

$ 

TABLE A3-8 

CASE SCENARIO, MILLION $ 
TOTAL FEED COSTS—–BASE 

TABLE A3-9 
FEED COST PER ANIMAL PER 

DAY—–MITIGATION CASE 

(TARGET ANIMALS), $ 

TABLE A3-10 

ANIMALS), MILLION $ 
TOTAL FEED COSTS (TARGET 
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AGRICULTURE AND LIVESTOCK 

Dairy Cattle 0.52 0.53 0.64 0.70 0.78 0.86 0.95 

Note: The cost of feeding a cow is estimated to be 5% lower than the cost of feeding a 
buffalo. 

Dairy Cattle 4.27 4.33 5.26 5.83 6.46 7.16 7.94

Dairy Buffaloes 3.48 3.63 5.45 6.82 8.52 10.65 13.31

Dairy Cattle 0.52 0.53 0.64 0.60 0.66 0.73 0.80

Note: It is assumed that the feed cost for animals on MNB will be reduced by 15%. 

Dairy Cattle 4.27 4.33 5.26 4.88 4.93 4.70 3.97 

Dairy Cattle (targeted) 0 0 0 0.81 1.30 2.10 3.38

Dairy Buffaloes 3.48 3.63 5.45 5.71 6.51 6.99 6.66

Dairy Buffaloes 0 0 0 0.94 1.71 3.11 5.66
(targeted) 

0 0 0 0.31 0.53 0.92 1.59Net Saving in Feed 
Cost Over Base Case 

PAKISTAN 

Year 1990 1991 2000 2005 2010 2015 2020

Dairy Buffalo 0.55 0.56 0.67 0.74 0.82 0.90 1.00

Year 1990 1991 2000 2005 2010 2015 2020

Total Cost 7.75 7.97 10.71 12.65 14.98 17.81 21.25

Year 1990 1991 2000 2005 2010 2015 2020

Dairy Buffaloes 0.55 0.56 0.67 0.63 0.69 0.77 0.85

Year 1990 1991 2000 2005 2010 2015 2020

Total Cost 7.75 7.97 10.71 12.34 14.45 16.90 19.66
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Dairy Cattle 0 0 0 1.4 2.0 2.9 4.2
Population 

Number of targeted animals (1991-2020) 10,882,141 

Number of MNB plants required 
MNB Plant Cost 

Proposed animals per plant 10,000 

1,088 

Current cost of one plant Rs 8.9 million 
Rupees 1995 Rs. 7.2 million 
Dollars 1995 $0.2 million 

Source: Asianics Agro-Development   International 

Investment required 0 0 6.59 11.43 19.90 34.76
for MNB Plants 

Note: An additional $5 million is to be invested in 2001 and 2002 for promotion and 
dissemination, respectively. 

Dairy Cattle 5.52 6.81 8.26 8.30 8.33 8.36 8.40

Dairy Buffaloes 8.55 9.00 16.28 18.43 20.86 23.62 26.74

Buffaloes 1.35 1.39 2.00 2.00 2.00 2.00 2.00 

Source: FALD (1995) 

PAKISTAN 

AGRICULTURE AND LIVESTOCK 

TABLE A3-1 1 
TOTAL LIVESTOCK POPULATION 

(TARGET)—–MITIGATION 

SCENARIO 

TABLE A3-1 2 
CAPITAL INVESTMENT REQUIRED 

FOR MULTI-NUTRENT FEED 

BLOCK PLANTS, MILLION $ 

TABLE A3-13 
TOTAL MILK PRODUCTION—– 

BASE CASE SCENARIO, MILLION 

TONNES 

TABLE A3-14 
MILK PRODUCTION PER 

ANIMAL—–BASE CASE 

SCENARIO, TONNES 
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Year 1990 1991 2000 2005 2010 2015 2020

Dairy Buffaloes 
Population 

0 0 0 1.5 2.5 4.1 6.7

Year 1991 2000 2005 2010 2015 2020

NPV @ Discount 
Rate of 8 percent 

75.00 

Year 1990 1991 2000 2005 2010 2015 2020

Total Milk 
Production 14.07 15.81 24.54 26.72 29.19 31.98 35.13 

Year 1990 1991 2000 2005 2010 2015 2020 

Cattle 0.67 0.84 1.00 1.00 1.00 1.00 1.00 
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TABLE A3-1 5 
TOTAL MILK PRODUCTION—– 

MITIGATION SCENARIO, 

MILLION  TONNES 

TABLE A3-16 
NET INCREMENTAL BENEFITS—–

COMPARISON OF THE 

MITIGATION AND THE BASE 

CASE 
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AGRICULTURE AND LIVESTOCK 

Dairy Cattle 5.52 6.81 8.26 6.94 6.36 5.48 4.20

MNB Cattle 0 0 0 1.49 2.17 3.17 4.62

Dairy Buffaloes 8.55 9.00 16.28 15.44 15.94 15.51 13.37

MNB Buffaloes 0 0 0 3.28 5.41 8.92 14.71 

Note: It is assumed that the increase in milk production for livestock on MNB is 10%. 

Net increase in 0 0 0 0.43 0.69 1.10 1.76
milk production, 
tonnes 

Estimated price 299.57 305.68 366.20 404.31 446.40 492.86 544.15
of milk, $/tonne 

Value of increase 0 0 0 175.31 307.64 541.49 955.87
in milk production, 
$ million 

NPV of Net Benefits @ Discount Rate, 8%: $1,275.98 million 
NPV of Costs: $75.00 million 
Net NPV Benefits of Abatement Option: $1,200.98 million 

PAKISTAN 

Year 1990 1991 2000 2005 2010 2015 2020

Total milk 
Produced 14.07 15.81 24.54 27.16 29.88 33.08 36.89 

1990 1991 2000 2005 2010 2015 2020

Total Benefits 
including 
Saving in Feed 
Costs, $ million 

0 0 0 175.62 308.17 542.41 957.47 
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TABLE A3-17 
EMISSIONS AND COST 

REDUCTION FROM RICE 

PADDY FIELDS 

ESTIMATION FOR METHANE 

Investment 0 0 1.27 1.27 1.27 0 0 0 0 0 
required, 
$ million 

Methane 526.00 526.00 526.00 526.00 526.00 526.00 526.00 526.00 526.00 526.00 
Emissions, Gg 

Note: It  is estimated that $3.80 million will be required in 2001 for the dissemination program and that the 
cost will be distributed over three years. Methane emissions are assumed constant over the projected 
period. 

Source: Asianics Agro-Development International 
Emissions Calculation 

Base Case Emissions from 2000-2020 
Reduction Potential in mitigation scenario 
Net Cumulative Emission Reduction 

11,046 GgCH4 
40% of base case emissions, i.e., 4,418 Gg CH4 
92,786 Gg CO2-equivalent 

PAKISTAN PAGE 283 

Year 1991 2000 2001 2002 2003 2004 2005 2010 2015 2020 

NPV @ discount rate 8 
percent, $ million 1.51 
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Cogeneration -27.56 105.78 105.78 

Energy-efficient fans -20.72 42.02 184.57 

Reduction in electricity -13.18 128.36 390.39
T&D losses 

Energy-efficient refrigerators -11.25 7.64 403.32 

Waste-to-energy generation -10.29 2.24 431.26 

Energy efficiency improvements in -7.83 72.78 506.58 
tractors 

Solar water heaters -5.02 4.43 562.66 

Mini-micro hydel systems -2.05 1.01 617.37 

Improvements in vehicle 0.66 23.42 771.62 
maintenance 

Improvements in building design 1.92 9.76 782.89 

Improvements in engine design 11.59 106.60 1,127.75 

PAKISTAN 

APPENDIX 4 
COST OF EMISSIONS 

REDUCTION INITIATIVES 

(CERI) CURVES 

TABLE A4-1 
ENERGY SECTOR GHGs 

ACCORDING TO AVERAGE 

OPTIONS RANKED 

INCREMENTAL COST 
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Greenhouse Gas Mitigation 
Option 

Average 
Incremental 

Cost, $/tonne 
CO2 

Potential  CO2 
Abated, million 

tonnes CO2 

Cumulative 
CO2 Abated, 

million tonnes 
CO2 

Energy-efficent lights -21.926 36.77 142.55 

Energy efficiency improvements in 
tubewells 

-15.22 77.46 262.03

Energy-efficient motors -12.49 5.29 395.68 

Energy-efficient boilers -10.50 25.70 429.02 

Energy efficiency improvements in 
water heaters 

-9.20 2.54 433.80

Improved engine maintenane 
practices 

-5.32 51.65 558.23

Waste heat recovery systems -4.18 53.70 616.36 

Reduction in gas T&D losses -1.39 130.83 748.20 

Wind power generation systems 1.31 1.51 773.13 

Substitution of oil and coal with 
natural gas 

2.39 238.26 1,021.15

Solar photovoltaic systems 28.29 0.587 1,128.34 
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TABLE A4-2 
FORESTRY GHGS OPTIONS 

RANKED ACCORDING TO 

AVERAGE INCREMENTAL COST 

TABLE A4-3 
AGRICULTURE SECTOR GHGs 

ACCORDING TO AVERAGE 

OPTIONS RANKED 

INCREMENTAL COST 
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COST OF EMISSIONS REDUCTION 
INITIATIVES (CERI) CURVE 

Commercial plantations -23.86 10.02 10.02

Reforestation in conifer -7.60 21.79 48.85
forests 

Plantations on -0.65 27.41 102.29
agricultural land 

Forest protection in -0.18 72.99 451.64 
conifer forests 

Rangeland management 0.57 80.18 595.17 

-45.95 26.1 26.10Improved feed for 
livestock 

PAKISTAN 

Greenhouse Gas 
Mitigation Option 

Average 
Incremental 

Cost, 
$/tonne CO2 

Potential 
CO2 Abated, 

million 
tonnes CO2 

Cumulative 
CO2 Abated 

million 
tonnes  CO2 

Riverain forest 
plantations 

-10.36 17.04 27.06 

Enhanced natural 
regeneration in conifer 
forests 

-3.14 26.03 74.88

Agroforestry -0.37 276.36 378.65 

Watershed plantations 0.29 63.36 514.99 

Greenhouse Gas 
Mitigation Option 

Average 
Incremental Cost, 

$/tonne CO 2 

Potential CO 2 
Abated, million 

tonnes CO2 

Cumulative CO2
Abated, million 
tonnes CO2

Methane reduction in 
rice paddies 0.04 92.79 118.89 

file:///Users/taralaan/Dropbox/Pakistan%20INDC%20&%20Low%20Carbon%20Scenarios/Forestry/13042016/SCREEN-2.pdf


APPENDIX 4 COST OF EMISSIONS REDUCTION 
INITIATIVES (CERI) CURVE 

FIGURE A4-1 
CERI CURVE FOR THE ENERGY 

SECTOR 

FIGURE A4-2 

SECTOR 

CERI CURVE FOR THE FORESTRY 

PAKISTAN PAGE  287 
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APPENDIX 4 COST OF EMISSIONS REDUCTION 
INITIATIVES (CERI) CURVE 

FIGURE A4-3 

AGRICULTURE AND 

LIVESTOCK SECTOR 

CERI CURVE FOR THE 

PAGE 288 PAKISTAN 
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