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FOREWORD

Energy now plays an increasingly crucial role in the development and well-being of a
nation. Energy has impact on lives, livelihoods, growth and progress, not only at a
collective level but also at the individual, grassroots level. Given the circumstances of
today, the source and nature of energy, the supply and environmental impacts of its
supply and the utilization need to be addressed in a comprehensive and effective
manner.

Renewable Energy resources and technologies have the potential to provide solutions
to the long-standing problems being faced by the economy, the industry, the
environment and the masses in the consumption of traditional sources of energy. It is
only through devising such solutions that the development of nations can continue
without hindrance, and so contribute towards sustainable developmental goals.
Renewable Energy sources include wind energy, solar energy, geothermal energy,
ocean energy and biomass energy, amongst others.

For energy-production in the developing countries, the expansion of existing energy
resources and exploration of new sources is an important exercise to be considered, in
order to ensure their future and sustain their development initiatives. It is indeed the
developing countries that have to bear the maximum pressure of energy-scarcities. For
this reason, Renewable Energy has been designated as one of the thrust areas where
COMSATS has focused its efforts for advocacy and help member countries in pursuing
their national Renewable Energy agendas.

The International Meeting on Renewable Energy for Sustainable Development was a
part of the Commission's efforts to emphasize that without efforts to continuously
improve and upgrade the nature and use of energy and creating nature-based solutions
to the problems created by synthetic and man-made energy sources, the objectives of
sustainable development would not be attainable. The Pakistan Council of Renewable
Energy Technologies (PCRET) and the Global Change Impact Studies Center (GCISC)
were co-organizers of the event whose technical support and expertise proved to be
indispensable.

The meeting reviewed the current and future renewable-energy technologies for
production and distribution and their role in the economy. The meeting examined
issues involved in the development and deployment of secure, sustainable and
accessible renewable energies for the third world. The forum also deliberated upon
appropriate and effective strategies in this regard.

The meeting was attended by 10 international experts from Germany, China, Syria,
Egypt and Jordan and a total of 26 papers were delivered in the two days. Overall, 21
national and international organizations were represented. The proceedings contain



the content of the presentations made at the meeting along with the recommendations
that were put forth to the forum. The Commission is grateful to the authors for their
valuable contribution.

In the end, 1 would like to acknowledge the efforts of the subject-experts, authors,
organizing committee and the support team whose hard work was reflected in the
success of the meeting.

I would also like to thank Dr. Ishtiaq A. Qazi, Director General, PCRET and Dr. Arshad
M. Khan, Executive Director, GCISC for without their keen collaboration and guiding
role, the objectives of the meeting could not have been achieved. My sincere
appreciation also for Dr. M. M. Qureshi, Ms. Merium Khan, Mr. Irfan Hayee and
Mr. Imran Chaudhry from COMSATS whose dedication made the publication of these
proceedings possible.

(Dr. Hameed Ahmed Khan, H.1.,S.1.)
Executive Director



WONDER LIGHT - LET OUR POOR HAVE IT!

Q. Isa Daudpota
Centre for Innovative Technology,
COMSTECH, Islamabad, Pakistan

Abstract

About two billion people in remote areas of developing nations have no electric lighting, a
commodity industrialized nations take for granted. Poor lighting in homes hinders
children’s learning, affects family-health and limits opportunities for a better life.
Electrical engineer Dave Irvine-Halliday realized that a single one-watt white-light
emitting diode supplies enough light for a child to read by. A simple but revolutionary
technology, supplied to homes by his Light-Up-The-World Foundation, can light an entire
rural village with less energy than that used by a single, conventional, 100-Watt light
bulb. This technology ought to be considered by Pakistan, OIC countries and those in the
South.

Introduction

The best applied science results in the solution of a common problem that people have
either overlooked or felt it couldn’t be solved easily. There is a lesson in this for those
who seek out research problems in Pakistan. Our researchers often fail to identify
doable problems because they are trained to mainly solve problems that interest others
(usually their foreign Ph.D. supervisors) rather than ones that affect their own society.

The majority of our people who live in villages suffer due to lack of water, poor health-
care provision, lack of communication infrastructure and efficient energy-sources.
The challenge for our scientists and engineers is to identify clever, economically viable
answers to such issues. Many clever solutions are already there -- people in other
countries have found them and succeeded in putting them into action. These need to be
brought here and adapted in a manner that makes them sustainable under our
conditions. For this to succeed, inputs from a range of experts from business,
management, developmental sectors and entrepreneurs is often needed.

Reading Light for Children

At times an outsider with a clearer vision and a great knowledge of technologies can
help in solving our problems. This is what happened when in 1997 the Scottish-
Canadian electrical engineering professor Dr. Dave Irvine-Halliday spent a sabbatical
in Nepal. While trekking in the mountains he looked into an unlit school room and
asked himself if you could help. The question has already transformed his life and is
likely to improve the lives of millions more.

Only one seventeenth of the 4 million households in Nepal have a reliable power



supply. Itis a poor country, with average annual income around $200, and itis unlikely
that these people could all be connected to the electrical grid. He faced the problem of
providing the majority of people adequate and reliable lighting, so that their dark
hours could be used constructively. This would allow children and housewives to study
or work, small businesses to continue work and move away from fossil fuels for
providing light. The latter is expensive and also pollutes the homes with smoke. Using
solar photovoltaic panels, with storage batteries, for powering incandescent bulbs or
compact economical fluorescent light has been tried, but these bulbs utilize more
power necessitating installation of high capacity solar panels, which are still
expensive.

The incandescent bulb is a mere heater that gives off only 5% of its energy as light; the
remaining 95% vanishes as heat. All over the globe, tens of giga-watts of electricity are
only producing heat, so that we can get a tiny bit of light. What is worse is that this
generation of power produces hundreds of million of tons of carbon dioxide that goes
into the atmosphere.

In the US alone, electricity production costs $60 billion a year. About 20% of it is used
for artificial lighting, comprised mainly of incandescent and fluorescent lamps. Of the
$12 billion used for lighting, $11.4 billion is wasted! Enter solid-state lighting (SSL)
devices that promise to replace conventional sources and provide significant financial
savings. Estimates are that in the US, expenditure for lighting will be reduced by $100
billion over the period 2000-2020. By 2020, electricity used for lighting may be cut
down by 50%, sparing the atmosphere 28 million tonnes of carbon emissions annually.
Itisthistechnology that Halliday latched onto.

The key development in this transformation was the invention of the Gallium Nitride
(GaN) light-emitting diode (LED), which made it possible to get white-light from a
semiconductor. It has been more than seven years since a then-little-known researcher
Shuji Nakamura, at Nichia Corp, in the backwaters of Japan, stunned the optical
engineers by reliability producing blues, greens, and purples out of GaN. The
production of this high-frequency light will greatly enhance the capacity of CDs, hard-
disks and other devices that require the reading of data from a surface using coherent
light. Blue-light can also be converted efficiently to white-light that is used for
illumination.

There are several ways to get white-light out of an LED. The most common puts a blue
LED chip beneath a film of Yttrium-Aluminum Garnet (YAG) phosphor. The phosphor
gives off yellow light when struck by the blue light; the mixture of blue and yellow
appears white. The transformation of the blue has also been done using organic
compounds inaLED made from layers of organic material.

In 1998, after a fruitless year of trying to develop a white LED (WLED), he was
browsing the Web when he discovered that Nichia had solved the problem of getting
white light. Switching to Nichia’s 0.1 watt LED made him realize that light even from



such afrugal source would be very useful. He developed a multi-diode lamp to light up
Nepalese homes through the newly formed Light-Up-the-World Foundation, an
organization which has in the past year or two been the recipient of an array of awards
for innovation and development. (See www.rolexawards.com for example).

Economies of White LEDs (WLED) for Developing Countries

Some order-of-magnitude estimates from Nepal made by Irvine-Halliday are
presented. They show the attractiveness of this technology for large parts of our
country without connection to the grid.

For the 4 million households countrywide without light in Nepal, supply of even a 25
watt incandescent bulb or an 8 watt compact fluorescent light to each require 100 MW
and 32 MW, respectively. This alone will cost significantly, but when you factor in the
environmental cost of such centralized power-generating facility, it seems well beyond
what the poor country can afford.

Torches are an important feature of life in the developing world. These use up batteries
at a high rate, with the total life of a D cell around 3 hours total, or an operational life of
a few weeks. These are normally dumped, causing the ground and water-bodies to be
polluted by mercury and other chemicals. WLEDs used instead of bulbs can extend the
life tenfold to 30 hours. If rechargeable batteries are introduced, the numbers of
discarded cells can be further reduced. Pedal generators, solar voltaic and tiny hydro
generator have been shown as viable sources for charging batteries that are used for
WLED:s.

Economies of scale will only strengthen the case for such lighting. If cost of production
can be reduced, with steady increase in spread and demand for such lighting, it would
become possible for households to buy home-lighting systems without subsidy.

Consider 1-watt lamps that costs $1.50 (this price is possible when scale-up happens)
being used to service the 2 billion people currently without light after sundown. If we
assume that there are 5 to 6 persons in each home then the number of homes lit by
WLED is about 400 million. Assume that two lamps of 1 watt each are used in each
home, the total number of lamps will be 800 million. These figures are conservative, as
even poor families would want to buy more lamps once the price falls.

Right now the price of a system for a single home with associated generating
equipment and storage system, if required, varies from $40 to $60, depending largely
upon the type of generating system chosen and the local distribution system used. For
large projects, even now, it is expected that this price tag will immediately come down
by 30% even with moderate reduction in cost of WLED. (For more info see
www.lutw.org).



Future Prospects for WLED Globally

Now for a taste of what is happening in the fast-moving world of WLED based on the
assessment of Sandia Labs, where a lot of research is proceeding. WLED have already
begun to replace incandescent bulbs in many applications, particularly those
requiring durability, compactness, cool operation and/or directionality (e.g., traffic,
automotive, display, and architectural directed-area lighting). Moreover, further
major improvements are believed to be achievable. Electrical-to-optical energy-
conversion efficiencies over 50% have been achieved in infrared light emitting devices.
If similar efficiencies were achieved in visible light emitting devices, the result would
be a 200 Im/W white-light source two times more efficient than fluorescent lamps, and
ten times more efficient than incandescent lamps.

This new white-light source would change the way we live:

« Worldwide electricity consumption due to lighting could be decreased by more
than 50%, and total consumption of electricity could be decreased by more than
10%.

e Carbon emissions, and new capital infrastructure associated with electricity
generation, would decrease proportionately, also by more than 10%.

e« The human visual experience would be enhanced, through digital control over the
color and spatial distribution of lights. And along the way, compact visible and UV
light sources, useful for detection of bio-agents, will be developed.

e Yet, to realize this future, enormous challenges lie ahead. These challenges
include:

- An improved understanding of the physics of AlGalnP and AlGalnN materials
and nanostructures

- Improved optoelectronic devices for high photon-generation and extraction
efficiency

- Improved wavelength-conversion color-mixing technologies for generation of
white light

- Improved packaging technologies for high power

- New lighting fixtures and systems, based on the unique ways in which people
can interact with solid-state lighting

- Development of the science and technology foundation for high-volume low-
cost manufacturing.

Introduction of WLEDs in Pakistan and OIC

The web is a wonderful tool for bringing us interesting and important ideas. The early
demonstration in a developing country of WLEDs was by Dave Irvine-Halliday who
discovering them on the web. And I discovered his work also using this same tool. He
is very keen to see this idea of lighting for the poor spread to Pakistan fast. As | write, |
have learnt that LUTW has a chapter in Pakistan — it started in last November. LUTW
(Pakistan) chapter has produced a video of Mubarak village (500 homes), which is only



acouple of hours from Karachi, where they intend to launch their first project.

This project needs the blessings of several ministries, including that of the
environment and science. The current thrust to implement several large renewable-
energy projects in Pakistan by the newly formed Alternative Energy Development Board
(housed in the Prime Minister’s Secretariat, and hence signifying the importance
being given to it) shows that the time for this is ripe. For the WLEDs to be easily
accepted by people, social marketing and participation by communities is essential.
The NGO-sector’s role will be critical in its success.

The Center for Innovative Technologies, where | work, can provide the focal point for
spreading the word to technologists and decision makers in 57 countries of OIC.
Lighting up the homes of nearly a billion people who live in these countries is a goal
worth adopting!

References & Notes
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World?” Invited paper: “LEDs 2001 Conference”, San Diego, USA, 17-19 Oct.
2001.

e Qazi Isa Daudpota is the Project Leader of COMSTECH’s new Center for
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ANALYSIS OF ECONOMICS OF INVESTMENT

IN A WIND-FARM SYSTEM
Fahd Ali and A. H. Nayyar
Sustainable Development Policy Institute
#UN Boulevard, Diplomatic Enclave,
P.O. Box 2342, Islamabad, Pakistan

Abstract

With the constant increase in the cost of generating electricity through conventional
means, there is a growing need to look for other sources of energy. Renewable energy
resources with their zero-emission features provide us with a good alternative. Of all the
renewable energy resources, wind has proved to be the most promising one, chiefly due to
its cost effectiveness and ability to provide grid-quality power. In Pakistan, the concept of
using renewable energy for power generation is not new. However, the lack of support
from the Government proved to be a major hurdle in developing Renewable Energy
resources. Nevertheless, only recently the Government of Pakistan has taken concrete
steps to develop renewable energy resources, one of which is a wind-mapping/charting
program being carried out in the coastal areas of Balauchistan and Sindh. The wind-
mapping program would eventually determine the wind-power potential of Pakistan and
sizes of the wind-farm systems to be set up here. This study aims to estimate the cost of
generating electricity using wind-energy and a suitable tariff-rate that may be set to
attract foreign/local investment in this sector. This study also lays out policy-
recommendations that may help to attract investment to develop wind farm systems.

1. Introduction

With the increase in the cost of generating electricity through conventional means,
there is a growing need to look for other sources of energy. The increase in demand of
electricity in future would also strain the conventional method of generating electricity
i.e. using fossil fuels. Around 70% power-demand is fulfilled using fossil fuels.
However, these fossil-fuel resources are not expected to last beyond 30 years. This has
certainly sparked the interest of the Government to find and develop other resources of
energy. The desire to look for other affordable resources of energy has also been
influenced by the environmental concerns. The facts that large hydel-power dams
cause irrevocable ecological damages and thermal power stations, in the end, would
only add more to the environmental cost of generating electricity, have also influenced
the desire for sustainable developmental projects in power-generation sector. Hydel
and Thermal power-projects are generally long-term projects, having gestation
periods of at least 5-15 years. Therefore, in order to meet the power requirement of the
country there is a need to explore projects that have a short gestation period.

However, before formulating policies to attract investments it would be useful if the



wind-power potential of Pakistan can be estimated. Preliminary studies show that
almost all of the wind-power potential lies in the coastal regions of the country.
Therefore, Pakistan Meteorological Department (PMD) has started a wind resource
assessment program in the coastal regions of Sindh and Balauchistan. This program
was started in April 2002. The collected data from this program would be used to make
wind-maps/charts for the region. Normally, this wind-charting/mapping is done after
collecting data for at least one or two years. This is done only to make the data more
reliable and accurate. The selection of a suitable turbine-size greatly depends on the
average annual wind-speed. This would also help to determine the true magnitude of
wind-power potential in the coastal regions. Any inaccuracy in the data can prove to be
costly.

The electricity demand would sharply increase in the province of Balauchistan with
the development of Gawadar and Pasni ports. The contract for developing the
Gawadar port has already been awarded to a Chinese firm. There is a 17 MW diesel-
based power-generation plant situated in Gawadar. A small grid to serve the local area
also accompanies it. However, the existing resources would not meet the increase in
the electricity-demand resulting from the development of Gawadar port. WAPDA has
already discarded the idea of connecting Gawadar and its adjacent areas to the
national grid, as it would be too costly for it. Therefore, eventually the Government of
Pakistan would have to either establish a thermal power station in the vicinity, or look
for alternative resources. Wind power is therefore a healthy option to explore.

Pakistan has no capability of producing wind-turbines. So, when setting up this wind-
power plant, most of the equipment would have to be imported. However, it may be
argued over here that indigenous capability may be encouraged and the Provincial or
the Federal governments should help to establish a local industry as well. The example
of Indiamay shed some more light on this issue. Wind turbines for power-generation in
India were commercialized in early nineties. Since then India has moved from a few
kilowatt-hours to a massive 1.5 GW (fourth largest in the world), the wind-power
generating plants being situated mostly in the western coastal and southern part of the
country. In due course of events, India developed its own wind-turbine industry and is
now one of the prominent wind-turbine manufacturers of the world. However, this
growth was achieved mainly due to the huge wind-power potential of a least 40 GW;
India found it prudent to invest in indigenous development of wind turbines. A number
of research and development institutes were established in this area, resulting now in a
massive wind-turbine industry. This is eventually going to make exploitation of further
wind-resources much more economical than elsewhere.

In principle, Pakistan ought to be thinking along similar lines, and planning to
establish capabilities for indigenous technologies. However, this is an expensive
proposition, given that the total wind-power resource is not likely to exceed 1 to 2 GW.
For such low-level resources, it may be economical to import technology and invite
direct foreign investment. In the light of this information, it may be argued that
establishing a local industry would probably not be a wise move. Manufacturing



industries usually have large gestation periods. Furthermore, manufacturing turbines
would not be the only requirement; a related support-industry would also have to be
established. By the time we would be able to produce everything at an internationally
competitive cost, the wind-energy potential of the country would have been exhausted
and this industry may then become a burden on our economy.

2. Methodology

The various factors that go into calculating the economics of an investment are
identified and defined in this section. These will apply to an investment in the energy
projectalso.

2.1 Discounted values

The value of an asset changes with time, because of (i) the opportunity-cost of the
capital, (ii) inflation and (iii) the increase in prices without any change in the
quality or quantity of the goods.

Over time, the rate of inflation (h) and the average real increase in capital goods’
prices (e) enhance the value of investment, while the discount-rate (k,) reduces it.
We define a discount factor (I')

Deld oAl

I [k, [

..EQq.(2.1)

Where (k,) is the discount rate, also called the opportunity cost of capital, and is
defined as the best rate of profit that can be earned on an alternative investment; (h) is
the rate of inflation; and e is the annual increase in prices of goods.

The total discounted capital investment-cost (1) is evaluated from the formula,

0
o] L Eq.(2.2)
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Where (1)) is the total annual investment costs at the end of year (t), and (P) is the period
of construction of the project. It may be noted that the base year is taken from the
commencement of production of energy.

The discounted value (E) of the total energy produced in nyears is given by

E D |:| Eannual mDe)t
(a ..EQ.(2.3)
where (E,....) isthevalue of the electricity produced every year, and
00 [0e, IO/
ka,,D ...EQ.(2.4)



isdifferentfromI"in Eq.(2.1) in containing e, as the annual real increase in the price of
energy.

The production incurs operational and management costs that are also to be
discounted over the period of operation. The discounted value of the operational and
maintenance cost after n years of operation is:

O D |:| Oanmlal mq)t Eq (25)
O
Where (O,,...) istheannual operational and maintenance cost, and
[10e, 0/
| —"— ...EQ.(2.6)
. ok, [

Now contains e, as the annual real increase in the operations and maintenance costs.

One important economic parameter is the pay-back time (T,;) of the initial investment
in an energy project. This is usually defined as the ratio of the initial capital-investment
(1) to the net income (difference between the value of the energy produced in the first
year of operation, E,, and the sum of the expenditure on operation and maintenance in
the firstyear, O,, as well as on the input fuel, F);

T, 0—1
E, 0O, UF Years ...Eq.(2.7)

A plant after a certain period of operation has a salvage value of its capital investment.
This is usually estimated at the start of the project, and then gets discounted similar to
other economic parameters. The discounted salvage value after n years of operation is
evaluated by the formula

104
s us, Ok % ..Eq.(2.8)

n

where (S,) is the salvage or resale value of the plant in the year “n” as estimated in the
zeroyear dollars.

2.2 Depreciation cost

A plant gets depreciated in value with use. Often an accelerated depreciation is
allowed as an incentive for investment. For a depreciation expense (D,) in year (t)
and a depreciation period of (d) years, the discounted depreciation is

d
poOD,—
o (LK) .Eq. (2.9)

2.3 Replacement cost
With time, many components of the plant would need replacement. For a

10



replacement cost (R,) in year t (t<n) in zero year dollars, the replacement cost gets
depreciated by the following formula

1A
RO[]R, .Eq.(21
Q Dk% q.(2.10)

2.4 Net Present-Value (NPV)
After tax NPV, which represents the discounted cash-flow over the lifetime of a
plant, can in general be stated as

NPy 01 ON)HdE OS)O(F OOORHOTOI | Eq.(2.11)

The expenses on the project are subtracted and the revenues from the projects and the
salvage value are added, weighted suitably by the marginal tax rate T. All the quantities
are discounted as defined above.

2.5 Levelized Cost

Levelized cost is the total cash flows of a project divided by the discounted energy
produced over the lifetime of a project. Levelized cost of electricity from a
particular source is avery important factor in determining the financial viability of
utilization of that source. Various benchmarks of levelized costs have been set to
evaluate investments in particular sectors.

Levelized cost C, is calculated from
IU0OORUOF

CoU— 1 skwh, . Eq.(2.12)
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where E, is the annual energy produced.

2.6 Objectives of the Analysis

In case the unit price of energy is given, the levelized costs of energy-production
from investments in two or more energy-technologies are evaluated, to determine
which of the technologies would offer a more attractive investment. For an
individual investment, the basic principle for determining suitability is that the
Net Present Value be positive. In principle, any positive NPV assures a profitable
business.

On the other hand, if the unit price of energy from an investment is not already
fixed, because of which one cannot evaluate the value E of the energy produced, or
levelized cost or NPV, the principle of positive NPV provides a convenient way to
determine price of energy. We take as cost of energy-production the value that
makes the net present value zero, and the unit price of energy as that which
includes a reasonable markup on the cost. Thus, if x cents per kWh of energy
renders NPV zero, then x is the cost of energy production. And if 20% is regarded

11
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as a reasonable markup rate then 1.2x will be the price, which the producer will
charge the buyer for each kWh sold. This is the principle that will be used below to
find the reasonable unit-price of energy. In the scheme of calculations here,
therefore, evaluation of levelized costs does not remain meaningful.

2.7 Value of Parameters

Discount-rate (k,): For most public and private sector analysis, one uses a 10%
discount rate, but some private investors sometimes have a more pessimistic
approach and they use 15-20% discount rates to evaluate the return on their
investment. In this analysis we shall use a 10% discount rate, which is probably the
best interest-rate one can obtain from a bank.

Rate of inflation (h): For most public-sector investments in Pakistan, the inflation
rate considered is 3-4%. In general, however, the average rate of inflation over the
last five years, as documented in the Government of Pakistan's economic surveys,
has been 6.8%. To keep our estimations more favourable to an investor, we shall
take this value of the inflation rate.

Real rate of increase in prices of capital goods (e): The average real rate of increase
in the prices of manufactured goods and building material over the last five years,
as listed in the Economic Survey, has been 3.7%.

Real rate of increase in the operations and management costs (e,): We shall take
this to be the same as the average rate of inflation, that is, 6.8%.

A 10-Megawatt Electricity Generating Wind-Farm

The world has seen a continuous decline in the installed capital-cost of a wind farm in
the past two decades. The installed capital cost has decreased from 2-3 US $/W to
around 1 US$/W, as shown in Figure-1. The installation cost came down chiefly
because of the advancement in technology. This reduction in cost has made wind-

Wind System Capitut Cusl Trends

Installed Capital Cost (41W}

1385 1830 1993

Figure-1: Wind-System Capital-Cost Trends
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energy competitive with the conventional electricity, thus bringing down the
generation cost to 4-5 cents/unit.

As was mentioned in Section-1, the GOP would probably have to invite foreign
investors to build wind-farms in the coastal regions of Pakistan. However, as said
earlier, before formulating policies or inviting investors for investing in wind-energy
sector it would be prudent to find out the economics of such investments in order to see
if enough incentives exist for potential investors. A far more important thing to find out
would be the tariff rates that would make the investment profitable. This is important,
in view of the disastrous experience Pakistan has faced in allowing extraordinary
concessions to the IPP's of thermal power plants. This is a necessary exercise, as it
would help us to determine the cost of wind-generated electric power. The cost
calculated could then be used to determine a tariff rate for this project, which would
make the investments profitable over the farm's lifetime, 20 years in this case. Whether
a wind-power plant is developed by a foreign or a local investor, a suitable tariff-rate
that can be paid by the consumer has to be established. Pakistan has suffered
immensely because of the agreement with the Independent Power Projects. The high
tariff-rate promised to them not only caused problems for WAPDA and KESC but the
high electricity tariff affected consumers the most.

For our analysis, we therefore have assumed that, in the beginning, setting up a 10 MW
wind-farm would be considered appropriate by an investor. We would now see the
various cost factors that go into building a 10 MW wind farm. Naturally, this wind farm
would be builtin Balauchistan, where most of our wind-energy resources lie.

As mentioned earlier, installation-costs have come down to one $/watt world over.
However, for our analysis we are assuming that the installation cost would be as high
as US $1.5/watt. We are assuming this because we believe that a significant portion of
this cost would go into the provision of basic infrastructure, like building roads,
transmission cables, etc, something which far flung areas like Gawadar and Pasni lack
all together. We therefore think that our installation-cost assumption is not unfounded.

3.1 Discounted Cost of Investment

With 1.5 US $/watt, the initial capital required for a 10 MW wind farm is 15 million
US Dollars. The total cost of construction, calculated using equation 2.2, when the
investment is taken to equally divided over each year of the installation period of
fiveyearsis

| = US $ 15.31 million

Therefore, as far as investor is concerned, the cost of building a 10 MW wind power
plantwill be US$15.31 million.

3.2 Total Value of Electricity Produced by Wind-Turbines
The total number of electricity units, E1 produced in ayear by a 10 MW wind farm
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is given by the following formula;
E, OPUFUH (in kWh)

where P is the plant size in kW, F is the capacity factor and H is the number of hours in
a year (8760). Here P = 10,000 kW (or 10 MW) and F = 0.30. Total humber of units
comes out to be

2.6280010" kWh or 26.28 GWh

3.3 Total Discounted Operational and Maintenance Cost

The operational and maintenance cost of a wind power plant has been estimated at
1 cents’/kWh. Therefore, the annual operational and maintenance costs, is
estimated at 0.26 million US dollars. The discounted O&M costs over the lifetime
of the plant, as calculated from equation 2.5, is therefore

O =US $ 7.86 million

3.4 Discounted Salvage Value

We now try to estimate the salvage value of the farm after 20 years of operation.
Wind farms generally have very little salvage value. This is primarily because of the
fact that the farm's equipment is used up in its lifetime. At the end what is left to
salvage, chiefly consists of the land purchased for construction and wind-towers
erected for mounting turbines. We are assuming that after 20 years of operation
5% of the initial investment would be salvaged. So, using equation 2.8, the Salvage
Value is estimated to be

S = US $ 0.31 million

3.5 Discounted Depreciation Cost

Although plant equipment usually depreciates gradually during the life of the
plant, we assume that all the initial would depreciate in first 10 years of operation.
This also forms a standard investment-incentive all over the world. We further
assume that this depreciation occurs uniformly in ten years. That is, the
depreciation every year is 1/10. Equation 2.9 gives us the discounted depreciation
over ten years.

D = US $9.22 million

3.6 Discounted Replacement Cost

Wind-farm equipment may require replacements every few years. However, the
level of replacement depends on the details of design. Generally, major overhaul of
the wind-turbine are required every 5, 10 or 15 years. These major overhauls
include replacements of various parts, like gears, seals and various other moving
parts. However, situations may arise where other parts have to be replaced
without any prior planning. Such infrequent replacements may occur whenever a
blade gets broken or rusts away due to extreme humid climate of the coastal
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regions. Nevertheless, whatever kind of replacement expense occurs, it requires,
on the part of investor, a yearly accrual of a fixed amount to meet such expenses.
This amount is then discounted to give us replacement expenses over the lifetime
of the farm. We assume that a charge of 0.04 cents/kWh is sufficient to meet such
expenses. Equation 2.10 gives the discounted value of replacement cost over
plant's lifetime.

R = US $0.16 million

3.7 Net Present-Value, Cost of Electricity Generation, Electricity Tariff and
Payback Time

We are now in a position to calculate the cost of (wind) electricity-generation and
electricity tariff. As mentioned earlier in section 2, for an individual investment,
the basic principle for determining suitability is that the Net Present-Value be
positive. In principle, any positive NPV assures a profitable business. Since, the
unit price of electricity is not given here, therefore we cannot calculate NPV for
this investment. However, we can estimate the lowest possible value of cost of
electricity generation that would make NPV zero. The electricity tariff is then
calculated by fixing suitable value of markup on that cost. For example if x
cents/unit makes NPV zero, and 20% is a reasonable value of markup then
electricity tariff is simply 1.2x.We now try to find out the cost of generation by
equating NPV, equation 2.11, to zero. This gives

.ol DT OA07)O0 DR OS)

(107) E, ] 0
where E, is the number of electricity units thafi'the wind-farm can generate in a year.
Substituting the values in the above equation yields a cost of 4.54 cents/kWh. With a
markup of 20%, the electricity tariff comes out to be 5.44 cents/kWh. The total revenue
that the wind farm would generate in its lifetime of 20 years would be 30.75 million US
dollars. NPV for this investment comes out to be 0.82 million US dollars. The investor
will have the investment returned in 13.1 years. Table-1 below shows the same results

..Eq.(3.1)

Table-1: Summary of the Calculated Quantities for a 10-MW
Electricity-Generation Wind-Farm

Quantity Calculated value

Discount value of the investment 15.31 million US dollars
Discounted operation and maintenance cost 7.86 million US dollars
Discounted depreciation cost 9.22 million US dollars
Discounted replacement cost 0.16 million US dollars
Salvage value 0.31 million US dollars
Cost of production of a unit of electricity 4.54 cents

Sale price of a unit of electricity 5.44 cents

Total discounted revenue over 20 years 30.75 million US dollars
Net present value 0.82 million US dollars
Payback period 13.1 years
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in atabular form.
4. Sensitivity Analysis

The cost and tariff for wind electricity calculated in the previous section is dependant
on various factors. It would be interesting to see how the cost varies as one of these
factors varies while everything else remains constant. The cost in Section-3 is
dependant on the following factors:

i. Discount-rate
ii. Inflation-rate

iii. Tax-rate
iv. Real rate of increase in prices of electricity
V. Depreciation-rate

4.1 Discount-Rate

Discount rate is an important factor for projects where large investment is
required. High discount-rates make loans expensive, while low discount-rates
making loans cheaper, encourage investors to take loans. Figure-2 below shows
the relationship of cost of electricity-generation with discount rate. The
government has recently lowered the discount rate from 10% to 7.5%. The figure
clearly shows that if the reduced discount-rate is taken into account, cost of
generation comes down to 4.00 cents/kWh.

4.2 Inflation-Rate

The relation ship between inflation and the cost of electricity generation is
negative. The higher the inflation rate lower is the cost. This is because higher
inflation-rate also inflates the revenues, thus bringing down the cost. The
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Figure-2: Cost of Electricity-Generation versus the Discount-Rate
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Figure-3: Cost of Electricity-Generation versus Inflation-Rate

relationship is shown in the Figure-3 with the inflation (6.8%) used in these
calculations.

4.3 Tax-Rate

The relationship of generation cost with the tax rate is exponential, with positive
slope. However, the curve remains fairly flat up to 40%. In these calculations, we
have used the highest tax rate levied on a business in this country. However, as

shown in the graph lowering this tax rate does not reduce the cost dramatically.
Figure-4 shows this pictorially.

4.4 Real increase in Prices of Electricity

The increase in electricity prices depends upon various factors. Among them, an
important one is the input fuel price. NEPRA, the electric-power regulatory
authority, reviews electricity-rates quarterly and adjusts them to prevailing
furnace-oil prices. Every year, 40% of the electricity generated comes from
furnace-oil based plants. The Economic Survey of Pakistan lists out the changes in
prices of fuel lighting and lubricants in its statistical appendix for the past ten
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Figure-4: Cost of Electricity-Generation versus Tax-Rate
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Figure-5: Dependence of Generation-Cost on Real Increase in Prices of Electricity

years. The percentage average of this price-change is 11.4%. However, the
electricity generated by a wind-farm does not need input fuel. Therefore, using
11.4% as the average yearly increase in the prices of electricity to calculate cost
and tariff will give misleading results. Instead, we believe that for a non-thermal
source of electricity, this yearly increase should be equal to the real increase in
prices of capital goods every year. Obviously, a large increase in real prices of
electricity would generate more revenues. This would reduce the unit price of
electricity. This relationship is also shown in graphical form in Figure-5.

4.5 Accelerated Depreciation

Finally, we now consider the effect of accelerated depreciation on the cost of
electricity generation. Interestingly, accelerating depreciation does not affect the
cost that much. This relationship is clearly shown in Figure-6. For the shortest
duration of two years, the cost only comes down to 4.25 cents/unit from4.54
cents/unit. Clearly, the reduction is not significant. However, coupled with other
incentives ashort depreciation-period can yield favourable results.
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Figure-6: Generation-Cost of Electricity versus Depreciation-Period
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4.6 Ten-year Averages

The calculations performed in Section-3 used certain parameters like inflation,
real increase in the price of electricity, real increase in the cost of capital goods,
and the real increase in prices of operation and maintenance cost. These values, as
mentioned earlier in this paper, have been estimated by taking an average of the
change in the values of these parameters for the past five years. Interestingly, the
results change to quite an extent if we average the change in these parameters over
a period of ten years. Thus, the value of inflation, h, becomes 9.41%, real rate of
increase in prices of capital goods, e, is 7.16%, real rate of increase in the
operations and maintenance costs, e,, is 9.41%, and the real rate of increase in
price of electricity is equivalentto e at 7.16%.

The results with these new values are tabulated in Table-2. A comparison with
earlier results has also been provided.

Clearly, the cost of electricity generation reduces by 1.26 cents/unit or 28% when
we use new values. This happens, in spite of the fact that overall cost of the project
rises (note the increase in discounted values of investment, operation and
maintenance, and replacement). However, this increase is offset by a considerable
increase in the revenue from the farm over its lifetime. The only apparent
disadvantage in this is the payback time, which jumps from 13 to 23 years
exceeding even the lifetime, 20 years, of the project.

Conclusions and Policy Recommendations

The exponential growth in utilization of wind-power has not solely been brought by
advancement in technology. A key factor in the growth was the various incentives
governments offered to investors. It should however, be noted that no one incentive
can bring considerable private investment in this sector. The incentive should consist
of a mixture of factors that we considered in Section-4 for our sensitivity analysis. The

Table-2: A Comparison of the Values, When Inflation and other Parameters are
Averaged for Five and Ten-Years for a 10-MW Wind-Farm

(Million US$)

5 years 10 years
Discount value of the investment 15.31 18.24
Discounted operation and maintenance cost 7.86 14.35
Discounted depreciation cost 9.22 9.22
Discounted replacement cost 0.16 0.20
Salvage value 0.31 0.64
Cost of production of a unit of electricity 4.54 cents 3.28 cents
Sale price of a unit of electricity 5.44 cents 3.94 cents
Total discounted revenue over 20 years 30.75 43.21
Net present value 0.82 2.28
Payback period 13.1 years 23.6 year
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sensitivity analysis in Section-4 clearly shows that decreasing the (i) discount rate, (ii)
tax rate, and (iii) the depreciation period would lower the generation cost as well. It is
interesting to note that accelerated depreciation in case of India had the greatest
effect. This meant that if a company showed its income, at the year-end, as investment
in wind-farming then it could get away by paying no taxes at all. Obviously, a company
actually had to invest in wind farming as well. Similarly, in the state of Minnesota in the
US, this incentive improved the investors tax-position. The tax automatically comes
down as depreciation is accelerated. A 100% accelerated depreciation in the fist year
of investment means that the investor will not pay any tax on its capital equipment for
the lifetime of the project. Lowering the discount rates or offering special discount-
rates on investment in this sector can also play a crucial role. Low discount rates
actually make the loans cheaper, thus increasing investor's profit-margin during the
lifetime of the project. If we assume a 100% accelerated depreciation in the first year of
investment, zero tax rates and a 5% discount rate for wind-farm investors, the cost of
electricity generation comes down to 3.18 cents/unit a decrease of about 30% from
our original figures. If this holds true, then wind energy has a potential of becoming
competitive with conventional energy-resources in Pakistan. The generation-cost can
further be decreased if we rely on indigenous technology as much as possible. Pakistan
has a local capability of manufacturing electrical generators, wind-masts/poles can
also be constructed locally; however, turbine blades would have to be imported.
Emphasis should be laid on training people in maintenance of wind farms to cut long-
term maintenance costs.

Overall, wind farming has potential of both becoming competitive with conventional
energy-resources and taking off in Pakistan. However, this would greatly depend on
the way GOP plans and executes commercialization of wind-power potential in
Pakistan.
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