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Abstract

In the twenty-first century, one of the utmost requirements for development and
poverty reduction is energy. Yet, more than 1.6 billion people around the world do
not enjoy access to modern energy. While providing access to energy for all has been
the top priority of the governments around the world, it requires an extensive amount
of capital and resources to achieve this goal. This is why in many developing countries
including Bangladesh, India and Sri Lanka, this unmet need is being greatly fulfilled
through renewable energy micro financing. However, in Pakistan, in spite of the ever
worsening energy sector situation, this avenue remains largely untapped. In this
context, this study aims to explore the prospects of renewable energy micro financing
in rural communities of Pakistan. The study has followed different methodologies at
various stages. Firstly, a specialized demand assessment questionnaire was prepared
for conducting household surveys in a selected case study village. All 156 households
from the case study village were surveyed and the results analyzed through Statistical
Package for the Social Sciences (SPSS). The survey results established that majority
of the households are willing to take micro-loans for switching to renewable energy
technologies. However, most of them showed their reservations about the element of
interest-rate in conventional microfinance and emphasized that the proposed micro-
loan should be based on Islamic principles. Moreover, considering the locally
available resources and the preferences of the survey respondents, it was assessed that
solar home system is the most feasible renewable energy technology for the
households. Subsequently, solar home systems sizing, designing, economic and
environmental costing has been conducted through RETScreen simulation software
and 3 different sized packages have been proposed for catering the needs of lower,
middle and higher income households in the village. Since One-Hand model is
currently the most successful implementation model for renewable energy
microfinancing in the developing world, and Diminishing Musharakah financial
model currently holds the largest share in Islamic finance industry of Pakistan, the
study concludes that an interest-free renewable energy microfinance model
established on the Islamic finance concept of Diminishing Musharakah and
implemented under One-Hand Model is the most viable option for Pakistan.
Keywords: Renewable Energy, Microfinance, Musharakah, Solar Home System,
Energy Poverty

Xi



Chapter 1

Introduction

In the twenty-first century, one of the utmost requirements for development and
poverty reduction is energy [1, 2, 3, 4, 5]. Various studies and historical evidence
suggest that access to energy holds a pivotal role in the development of any country
and no country has ever achieved significant poverty alleviation without improving

energy access for the inhabitants [4].

Yet, more than 1.6 billion people around the world do not enjoy access to modern
energy services [6] and the majority of those lying on the lowest rung of the energy
ladder lives in rural area [7,8]. On one hand, this employs impeded “opportunities for
economic development [9]” while on the other hand, presents a serious hurdle in
achieving the most important Millennium Development Goals (MDGs) of reducing
energy poverty, improving access to clean water and sanitation facilities and
enhancing education and health services [10].

However, providing energy access to the whole population requires huge amount of
capital and resources, which in case of most developing countries is almost impossible
to mobilize [11]. According to the statistics from the International Energy Agency
(IEA), around USD 9.1billion were invested worldwide in 2009 for expanding energy
access and this investment must increase to USD 48 billion a year in order to achieve
universal access to modern energy services by the year 2030[6]. If seen in comparison
to the global energy expenditures, this amount equals to only 3% of what the world
spends on energy services per year. Nevertheless, especially in case of developing
countries, mobilizing such huge amount of financial resources should not be under-

estimated.

Considering the inadequate availability of public monetary resources for improving
energy access, catalyzing private finance for serving the purpose seems to be the only
viable option [12]. One of the most promising avenue in this regard is micro financing,
which has shown great potential for enhancing access to modern energy services in

many developing countries including Bangladesh, India, Nepal, and Sri Lanka.



Pakistan, located at a prime location in South Asia, enjoys enormous renewable
energy resources including solar, wind, microhydro and biomass. Still, access to
energy has been a contentious issue for Pakistan since decades. As per the IEA
statistics, only 67% population of Pakistan has a grid-supplied electricity connection
and around 93% of those reside in urban areas [13]. And even for those who do have
access to the grid, the connection is unreliable, as generation is overwhelmed by
supply and so power outages are common. Moreover, polluting fuels such as kerosene
or mustard oil are widely used for lighting in homes and as many as 64% people use
biomass for cooking[13]. The result is manifold; overall economic development is
restrained, poor population cannot access their basic needs, and natural resources and

the environment is depleted due to the use of traditional fuels.

Unfortunately, in spite of having the success stories of renewable energy micro
financing in neighboring countries like Bangladesh, India and Nepal, there is no
prominent renewable energy Microfinance scheme, offered by the government,
NGOs, MFlIs or banks.

In this context, this research study has been designed with the aim of assessing the
social and economic feasibility of introducing renewable energy micro financing

mechanisms in rural communities of Pakistan.
The study has been designed with the following main objectives:

1. To assess the social and economic feasibility of introducing renewable energy
micro financing in rural communities of Pakistan, through household surveys

in the selected case study village.

2. Based on the survey results, propose the most feasible renewable energy
technology (ies) and/or appliance(s) to be Microfinanced.

3. To analyze different microfinance models in terms of their replicability in

Pakistan

Moreover, the time and financial constraints of the study prompted the administration
of certain limitations. Therefore, the scope of study was defined with the following

points in mind:

1. The scope of this research is limited to consumer perceptions on renewable

energy micro financing in a remote, on-grid village ‘Jajja’, located in the union



council Manghot, Tehsil Gujjar Khan, District Rawalpindi. The village is
located at the Mandrah-Chakwal road, at a distance of 20 kilometers from
Mandrah. (Around 70 kilometers from NUST).

2. A review of literature reveals that several studies focused on Renewable
energy technology adoption have used ‘Willingness to pay’ as a primary
element in assessing demand or feasibility of products and interventions, with
demographic factors, baseline energy consumption trends and ability to pay
being complementary information [14, 15, 16, 17]. Therefore, feasibility of
renewable energy micro-financing in this study has been be assessed in terms
of:

a. Demographic factors

b. Energy usage and consumption behaviors
c. Ability to pay

d. Willingness to pay

3. It is expected that the results of this study will be applicable on the average
rural communities of Pakistan, as the living conditions and the perceptions of

the people are similar.
The thesis has been structured according to the following framework:

Chapter 2 provides an elaborate review of the literature on various dimensions of
energy access, need for renewable energy technologies, micro financing and its
prospects in enhancing access to energy services in the whole developing world in
general and in Pakistan in particular. Chapter 3 establishes a baseline of the available
methodologies and defines the methodologies which have been adopted for various
sections of this study. Chapter 4 discusses the statistical results of the household
survey in detail and draws conclusion for the technology and microfinance model
design. Chapter 5 deduces typical energy load profile based on the results of
households survey and elaborates the recommended renewable energy technology
design. Chapter 6 explains the recommended micro loan design and the microfinance
model design, based on the outcomes of the study. Chapter 7 outlines conclusions of

the whole study and outlines recommendations based on the findings of this study.



A flow chart outlining the activities conducted within the scope of this study are

shown in the Figure 1.
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FIGURE 1: PROJECT METHODOLOGY
Summary

In the twenty-first century, one of the utmost requirements for development and
poverty reduction is energy [1, 2, 3, 4, 5]. Yet, more than 1.6 billion people around
the world do not enjoy access to modern energy services [6] and the majority of those
lying on the lowest rung of the energy ladder lives in rural area [7, 8].

However, providing energy access to the whole population requires huge amount of
capital and resources, which in case of most developing countries is almost impossible
to mobilize [11]. Considering the inadequate availability of public monetary resources
for improving energy access, catalyzing private finance for serving the purpose seems
to be the only viable option [12]. One of the most promising avenue in this regard is
micro financing, which has shown great potential for enhancing access to modern
energy services in many developing countries including Bangladesh, India, Nepal,
and Sri Lanka.

Nevertheless, In spite of all these success stories, Unfortunately in Pakistan, there is
no prominent renewable energy Microfinance scheme, offered by the government,
NGOs, MFIs or banks. In this context, this research study has been designed with the
aim of assessing the social and economic feasibility of introducing renewable energy

micro financing mechanism in rural communities of Pakistan.

The study has been designed with the following main objectives:



1. To assess the social and economic feasibility of introducing renewable energy
micro financing in rural communities of Pakistan, through household surveys

in the selected case study village.

2. Based on the survey results, propose the most feasible renewable energy

technology (ies) and/or appliance(s) to be Microfinanced.

3. To analyze different microfinance models in terms of their replicability in

Pakistan
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Chapter 2

Literature Review

This chapter establishes a baseline for the study by providing a review of relevant

literature.
2.1.Sustainable Energy Access

Energy poverty is one of the biggest challenges of the twenty first century. Today,
more than 1.6 billion people around the world lack access to the modern energy
services like electricity connection in their homes. Moreover, around 2.7 billion are
those who depend on biomass for lighting, cooking and space heating purposes [1].
On one hand, the extensive use of biomass is causing far-reaching damage to the
health of the ‘energy poor’ population [2]. While on the other hand, the experience
economic consequences of inadequate energy supply for productive uses [3].

It has also been established that most of the energy poor belong to the rural
communities. As of 2011, the rural electrification rate in developing countries was
only 65.1%, with an individual rate of 28%% in Africa and 75%% in Developing
Asia, while the urban electrification rate in these areas was recorded to be as high as
90.6% [4].

Various studies have pointed towards the connection between access to energy and
human social and economic development. A study by Hosier [5] confirmed that there
exists a positive relationship between energy consumption and household income in
the developing nations. A study by Khandker [6] concludes that rural electrification
in Bangladesh has brought considerable positive impacts on the community
development such as increased in income, better educational outcomes etc. Another
study by Dinkelmann [7] stated that increased access to electricity in South Africa
positively impacted the female employment rates. However, the current large scale of
energy poverty across the globe is retraining the economic and social growth of
billions of people, making it difficult to achieve the Millennium Development Goals
(MDGs) [8,9,10,11,12].



It is also worth mentioning here that while increasing the pace of providing access to
energy to all is crucial, it is also equally important that this progress remains in the
boundaries of sustainable development. Especially with climate change presenting
itself as a huge challenge, it is extremely important to see access to modern energy
services and climate change mitigation as twin challenges [13, 14, 15, 16]. With the
increased economic viability of off —grid renewable energy technologies like Solar
Home System (SHS), various studies have concluded that expanding the use of
renewable energy sources is the most practical solution, for catering to the twin
challenges of universal energy access and climate change mitigation [17,18,19,20,21].
The promotion of renewable energy technologies in developing countries does not
only avoid lock-in into high carbon infrastructure but also reduces their vulnerability
from fossil fuel import and price changes [8, 18, 16].

Realizing the importance of this issue, the United Nations launched the ‘Sustainable
Energy for All’ initiative, with the aim for achieving universal energy access by the
year 2030[11]. Nevertheless, considering the current practices it is estimated that by
2030, around 1.4 billion people will still lack access to electricity services, with most
of them belonging to sub Saharan Africa and South Asia [1]. It is also predicted that
the current figure of 2.4 billion people relying on biomass for cooking and heating
will rise to 2.8 billion by 2030. On top of that, the global energy demand is also
expected to double, with most of it contributed by the developing world [11].

2.2.Financing for Universal Access to Modern Energy Services

As per the statistics from the International Energy Agency (IEA), approximately USD
9.1 billion were spent globally in the year 2009 for improving access to modern energy
services. Of this amount, only $70million were spent for providing improved biomass
cook stoves to around 7 million people, while the remaining amount was used in
electrification for about 20 million people. IEA also predicts that in order to meet the
2030 target, this amount must increase five folds to around USD 48 billion per year
[1]. Although this amount is not more than 3% of what the world already spends on
energy services, mobilizing such huge amount of funds is not an easy task [22].
Therefore, an unprecedented level of effort and investment will be required to fulfill
the target of achieving universal access to modern sustainable energy services by
2030[13]. To add to this, the case studies of various developing countries have shown

that government investments and public funding is almost always insufficient to
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provide sustainable energy access to the whole population. Therefore, mobilizing

private financial resources is the need of the hour [23].

In this regard, various energy markets, especially in developing countries, are opening
doors to private sector however, the high initial cost of renewable energy technologies
hinders the way of progress in this avenue [3]. In fact, many recent studies have
discussed that while micro level renewable energy projects face various financial and
economic barriers, the most important and most deciding barrier is the high capital
cost which makes it appear less attractive than the traditional energy projects [3, 24,
25]. With the per energy unit cost of renewable energy technologies declining at a
rapid pace, they are becoming more and more competitive with the traditional fossil
fuel based solutions [22]. However, the upfront cost of the decentralized energy
systems is expected to remain as a major chunk of the total life cycle cost and hence
the main bottleneck for achieving the goal of universal access to the modern energy

services [22].

In order to address the issue of high upfront cost of renewable energy technologies,
various market driven market models have been proposed in the literature, [22, 13,

26, 27]. Some of the most common models are:

Dealer/supplier credit-based sales.
Consumer credit through commercial bank.
Consumer credit through microfinance institutions.

Fee for service

A A

Revolving fund credit schemes operated by public sector

However, at micro level, or to be precise village or household level, many studies
have concluded that one of the most promising ways for mobilizing the funds for
enhancing sustainable energy access could be the end-user energy micro financing,
which can overcome the barrier of access to finance to the energy poor population
[28, 29, 30, 31, 32, 33].

2.3.Renewable Energy Micro Financing

Microfinance is a development tool which provides access to credit for people “living
in poverty who are not considered bankable” by the commercial banking sector due

to a lack of collateral, steady employment or a verifiable credit history [34].
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The pioneer and most celebrated Microfinance mechanism was introduced during
1974-1975 by Dr. Muhammad Yunus, in the form of the Grameen Bank, Bangladesh
[35].

Microfinancing is considered to be an important intervention in poverty alleviation as
it overcomes several informational, institutional and other barriers which otherwise
limit the access to finance for the poor population [36]. The innovative approaches
like social sanctions including loan guarantors, group lending, gathering information
from neighbors, friends and family etc. substitute the need for collateral and hence in
contrast to formal banks, allow the microfinance institutions to offers low loan
transaction costs [37,38,39].

With the advancements in the global micro finance industry, it acknowledged the fact
that the financial needs of poor are not limited to small business loans only. Therefore,
gradually with time, the micro finance industry shifted from exclusively providing
micro loans to entrepreneurs to a diverse range of financial services including but not
limited to investments in education and health, insurance, savings etc. [40, 39]. Other
major diversifications in the micro finance industry products are the quality of life
loans which are aimed at non-income generating loans for housing and other goods

and Micro-Loans for energy systems [41, 42].

The introduction of energy loans by micro finance sector, particularly for renewable
energy technologies, has been widely appreciated in literature. This is because on one
hand, it addresses one of the most challenging barrier for energy access by providing
financial resources to the poor people [8, 31, 32, 42, 43]. On the other hand, the micro
renewable energy micro finance has the capability of addressing the inter-related
challenges of climate change and development, simultaneously [32, 44].

In the past, many studies have discussed the role of financing, especially micro
financing in expanding access to energy services. For example [45] and [42] discuss
the opportunities offered by the intergeneration of energy and micro financing. While
some other studies [46, 23, 26, 31, 32, 33, 47, 48, 49] analyze the existing projects on
energy micro financing and discuss the experience of micro financing institutes giving
energy loans. These and many other related studies concluded that the microfinance

institutes are the potential ‘key players’ [44] in enhancing micro energy access since
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they have the required infrastructure, credibility, clientele as well as expertise to

penetrate into the scattered rural markets [22].

Realizing the urgent need for enhancing energy access, especially rural energy access,
and potential of micro financing for catering to it, many developing countries have
started energy microfinance programs based on varied end-user energy microfinance

models. Two most popular of them are [50]:
2.3.1.0ne Hand Model

This model, created by Grameen Shakti which is a subsidiary of Grameen Bank
Bangladesh, follows a one-hand delivery mechanism. The basic concept is that in the
regions where the energy provides are not available or are not interested in getting
involved in microfinance schemes, the microfinance institute can build its capacities
and offer energy products along with micro loans. This can be done either by forming
specialized technical departments within the institute or establishing subsidiaries

specializing in energy products.

While this model enjoys the perks of its simplicity, cost effectiveness and standardized
solutions, there are many challenges that come along the way. The MFIs have to
handle all parts of the schemes themselves including product installation,

maintenance, end-user training, money collection etc.
2.3.1.1.Grameen Shakti Model

In spite of its drawbacks, this model has made Grameen Shakti (GS), Bangladesh, one
of the fastest growing and largest renewable energy micro financing companies in the
world. The success of their energy micro financing model can be assessed by the fact
that they install on average 75,999 new solar home systems every month and till 2013,
they had installed more than 2.2 million solar home systems [51, 52].

Grameen Shakti is a subsidiary of Grameen Bank, conceptualized by the noble
Laureate Dr. Muhammad Yunus in 1976. The Grameen Bank aims to provide access
to finance for the rural poor, with a special focus of women development. It works
through a network of branches spread across the rural areas of Bangladesh. Each
branch is run by a branch manager and several Centre managers which represent
around 15 to 20 villages [53].
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Currently, Grameen Shakti is offering the following financial packages for SHS

purchase to the borrowers [51]:

v" Model 1: The borrower is required to pay 15% of the system price as upfront
payment. The remaining 85% can be re-paid in 36 monthly installments with
a flat rate service charges (interest rate) of 6%.

v Model 2: The borrower is required to pay 25% of the system price as upfront
payment. The remaining 75% can be re-paid in 24 monthly installments with
a flat rate service charges (interest rate) of 4%.

The successful experience of Grameen Shakti has prompted many other organizations
to adopt this model. One of the most notable example in this regard is of the
Infrastructure Development Company Ltd. (IDCOL) project Bangladesh where the
World Bank selected the Grameen Shakti model to enhance mass access to renewable
energy in the country. Today, the SHS program of IDCOL is the largest off-grid
electrification program in the world with more than 2.1 million SHS installed till
March 2013 across Bangladesh [54, 55, 56].

2.3.2. Two Hand Model

The Two-Hand energy micro financing model involves a partnership between a
microfinance institute and an energy service provider. The MFI is responsible for
providing micro loan while the partner company takes care of the energy system

design, installation, maintenance and end-user training.

This model has its own advantages since both partners remain in their respective core
operation field, unlike in one-hand model. However, Two-Hand model is often

expensive because each of the two companies charge their costs and profits.

The Two-Hand model is being successfully implemented by the Foundation for
International Community Assistance (FINCA) in Uganda [57] and the Sarvodaya
Economic Enterprise Development Services Ltd. (SEEDS) in Sri Lanka [58].

2.3.2.1.FINCA Uganda Model

Similarly, In Uganda, (FINCA) offers consumer credit for buying solar home systems.
The loans are given at a monthly interest rate of 2.5% with bi-weekly installments

requirement. The loan duration is flexible within the range of 4 to 12 months [59].
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The two-hand model is employed by setting up and ‘energy unit’ which is responsible
for SHS delivery, installation, maintenance and repair. The FINCA staff on the other

hand handles financing, sales and marketing services.
2.3.2.2.SEEDS Model

SEEDS offers micro-loans to the end-users for purchasing SHSs. According to careful
statistics, SEEDS financed approximately 80,000 solar home system installations
between 1998 and 2010 [60].

However, while there is no denying to the efficiency and wide-spread replicability of
these models, all of them are based on interest rates and hence are not Islamic Shariah
complaint. In fact, various authors have argued that even though Bangladesh is pre-
dominantly a Muslim country and the Grameen model is one of the most celebrated
micro financing models in the world, it is not a Shariah compliant model as it charges
interest on the loans and pay interest to the shareholders. Even though the bank
calculates the interest rate in simple terms and not in the compounded rates, the

element of ‘Riba’ remains [61, 62].
2.4.Prospects of Renewable Energy Micro financing in Pakistan

With only 67% population having a grid supplied electricity connection, only 20%
having access to gas pipeline and around 64% depending on traditional biomass fuels
for cooking, Pakistan presents a worrisome energy sector situation. Moreover, of
those having an electricity connection, 93% is the urban population which means that
currently only 7% rural population of Pakistan is connected to national grid [63, 64].
Even for those who do have access to the grid, the connection is unreliable, as
generation is overwhelmed by supply, and therefore experience frequent power
outages. The result is manifold; overall economic development is restrained, poor
population cannot access their basic needs, and natural resources and the environment

is depleted due to the use of traditional fuels [65].

The energy crisis of Pakistan has brought serious consequences to the society,
economy as well as the environment. The country’s power sector is the worst affected
as it is plagued by the problems of circular debt, low recovery, old and inefficient
distribution network and inappropriate tariffs which are not sufficient to cover the
generation costs. In spite of having 23 GW of installed capacity, most of the power

plants are running at a very low capacity due to high fuel costs. The results are
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alarming; households, businesses and industries face worse power outages which can
commonly last from around 12 hours a day in cities to 22 hours a day in the rural areas
[66, 67, 68]. Moreover, due to lack of capital, the national village electrification
program also had to face restraints, resulting in slowed growth going down from
10.9% in 2009/2010 down to 6.9% in 2011/2012[67].

The indoor burning of kerosene oil, mustard oil, burning gas, wood and dung for
cooking and other purposes is also badly affect the air quality and hence causing
increase in the risk of respiratory diseases. The World Health Organization (WHO)
estimated that every year, more than 56,000 people die in Pakistan due to poor indoor

air quality [69].

In addition, the IFAD [70] states that unavailability of lighting in the homes after dark
causes certain social impacts. Productive hours are limited due to lack of illumination
which does not only affect the adults but also the children’s education. Moreover,
women are often confined to their homes after sunset as it becomes increasingly
unsafe for them to go out in complete darkness. This is one the major reasons why
Pakistan holds the lowest rank in South Asia in terms of socio-economic indicators

for women’s welfare.

The environmental degradation is yet another dimension of Pakistan’s poor energy
sector situation. With majority of population relying on biomass and polluting fuels
like mustard and kerosene oil for cooking and lighting, the International Energy
Agency estimates that around 32.6 million tons of carbon dioxide is released every
year, solely by the residential sector of Pakistan [63]. Furthermore, the extensive use
of biomass also results in alarming rates of deforestation in the country [71]. As of
2007, the country was facing a deforestation rate of 0.75%, the highest in South Asia.
It is also estimated that the consequences of such large scale deforestation, such as

flooding, soil erosion and siltation is incurring an annual loss of 2.3 billion Rs. [72].

In this scenario, the following measures if taken can address the challenges faced by
its energy sector of Pakistan [73].

1. Developing indigenous energy resources to reduce dependence on imported
fuel.

2. Securing reliable and affordable sources for importing energy.
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3. Reforming and restructuring the electricity sector to make it stand on its feet
again.

4. Developing necessary infrastructure for extended distribution network of
electricity and gas.

5. Investing in electricity generation infrastructure in order to meet the rapid
increase in demand, while ensuring its reliability.

6. Improving energy efficiency to manage the growth in demand

Pakistan is blessed with rich renewable resources, including solar, wind and hydro
etc. It has been established that in the South Western province of Baluchistan and
North Eastern part of Sindh, the sun shines for around 7 to 8 hours daily, which makes
around 2300 to 2700 hours per year. This presents an excellent opportunity for
harnessing solar energy and using it to lessen the dependence on imported and non-
renewable fuels for energy production [74]. Similarly, wind energy production is also
feasible in many areas of Pakistan, especially in a natural corridor between Gharo and
Keti Bandar which has the potential to produce 40,000 and 50,000 megawatts of
renewable electricity [75].

However, being a Muslim country, the existing interest based models for renewable
energy micro financing across the globe do not seem feasible in Pakistan. This can
also be verified from the tremendous growth of Islamic finance industry in Pakistan
that there is a huge potential and market for interest free Islamic micro financing and

it is more likely to penetrate deep into the energy poor population of Pakistan.

The foundations of Islamic finance are based on avoidance of interest based finance,
i.e. ‘Riba’. In other words, the main goal of Islamic financing is to provide riba-free

financial services to the communities [61].

[61] has also provided reference to Imam Fakhruddin Razi’s book ‘al-Tafsir al-Kabir’,
where he has mentioned 3 reasons why Riba is prohibited in Islam. Firstly, Riba
exploits the borrowers since it makes the lenders better off, at the expense of the poor
borrower. Secondly, since the lender knows that he is going to get a certain amount,
this might tempt him into relying solely on the income acquired without any hard
work and prevent him from making efforts for earning his living. Finally, the practice
of Riba can lead to borrowing and squandering and can eliminate the sense of

responsibility and feelings of mutual sympathy.
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Various authors have pointed out the need, importance and significance of Islamic
finance. Studies conducted by [76, 77, 78, 79, 80, 81] concluded that equity financing
intrinsically holds better stability than the interest based financing. Khan [82]
mentions that the equity and participation based Islamic financing models have many
similarities to the banking reform proposals made in USA and many other countries.
Another study by Chapra [83] stated that interest based finance generates indiscipline
in the market while only equity and risk sharing can bring the stability back. Chapra
[84, 85] also mentions that immunity from loss is a fault line in the financial system.
[86] maintains,” Only a financial system along Islamic principles is immune to
instability.” A recent study by Askari, H. [87] prompts the policy makers to encourage
the equity finance and risk sharing while Shafique [88] concludes that since the
Islamic banks performed better than the conventional banks during the recent global

financial crisis, this is a sufficient proof that Islamic finance models are more stable.

Broadly, the literature suggests that Islamic microfinance presents the following
Shariah compliant financing instruments [61, 89, 90, 91] (Table 1)

TABLE 1: ISLAMIC MICROFINANCE INSTRUMENTS

Instrument Methodology Suitability

Mudarabah | The MFI provides the capital while the | Suitable for project financing,
borrower is responsible for managing the | working capital financing and
capital in the business. fixed assets purchases.

In case of loss, the Lender holds full
responsibility of financial loss while the
borrower faces loss of time and effort.

Musharakah | MFI and the borrower enter into a partnership | Suitable for working capital
agreement where both hold responsibility of | financing, project financing and
financing and managing the venture. Fixed assets purchases.

In case of loss, the share of loss is divided
according to equity of each party.

Murabahah | MFI and the borrower sign a sale agreement, | Suitable for working capital
with fixed profit margin. Payment can be done | financing and fixed assets
as a lump sum or in installment. purchase.

Being easier and simpler, it is more widely
adopted than Mudarabah and Musharakah.
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MFI holds the ownership of the asset and hence
is responsible for all risk and liabilities

associated with it.

ljarah MFI and the borrower enter into a leasing | Suitable for all kind of income
agreement for a physical asset. generating  physical  assets,
especially fixed assets.

The ownership of the asset remains with the

lender during the ljarah period.

Qard Hasan | The financer lends money to the borrower with | Suitable for all purposes.

zero nominal return.

The main purpose is helping others and charity.

Among these instruments, the profit and loss based instruments i.e. Mudarabah and
Musharakah, have been most widely encouraged by the scholars and practitioners
since they can prove to be most helpful in the socio economic stability and
development of Islamic communities [91, 92, 93]. In fact, [94] states that as opposed
to conventional microfinance which has been widely criticized for charging high
interest rates in its debt-based approaches, the profit and loss sharing modes of Islamic
finance offer a more moral approach which saves the borrowers from drowning
further into the debt.

Digging into further detail, it is well established in the studies of various authors that
a further refined form of Musharakah, called Diminishing Musharakah (Musharakah
Mutanagisah), is the best mechanism for financing assets like house or machinery [61,
95, 96].

As per the recent statistics from the state bank of Pakistan (SBP) [97], the Islamic
banking in Pakistan has shown an exponential growth over the past few years,
showing the assets of Rs. 1016 billion in the first quarter of fiscal year 2014 as
compared to Rs 1014 billion in the last quarter. Moreover, the number of Islamic
banking institutions also increased from 19, with 1304 branches, in December 2013
to 20, with 1314 branches, in March 2014. As for the financing trends in the Islamic
banking industry of Pakistan, the latest statistics show a decline in Murabahah’s share
while for the first time, Diminishing Musharakah has acquired the highest share in

financing. (Table 2)
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TABLE 2: SHARE OF VARIOUS ISLAMIC FINANCE MODELS IN PAKISTAN’S ISLAMIC

BANKING INDUSTRY

Financing Instruments Share (billion Rupees) Share (%)
Murabahah 106.7 33.0
ljarah 27.1 8.4
Musharakah 27.9 8.6
Mudarabah 0.6 0.2
Diminishing Musharakah (DM) 107.2 33.2
Salam 18.6 5.8
Istisna 19.5 6.0
Qard/Qard-e-Hasan 0.0 0.0
Others 155 4.8
Total 323.2 100.0

Moreover, the microfinance sector in Pakistan is also growing at encouraging rates.
In the first quarter of 2014, Pakistan’s microfinance sector stood at gross loan portfolio
of PKR 57,068 Millions, showing an increase of PKR 4,976 Million since the last
quarter of 2013. Moreover, during this period, the number of active borrowers in the
country also showed an increase of around 5.9%, mounting from 2,832,715 to
2,999,186. The penetration rate in the country also showed an increase of 0.61%,
reaching a figure of 10.94%. Trade, agriculture and livestock/poultry remained the 3
biggest sectors representing the percentage of active borrowers as 29%, 23% and 16%

respectively [98, 99].

According to a 2012 study conducted by the Pakistan Microfinance Network [100],
there is a market for Islamic Microfinancing in Pakistan, with nearly 98% of the 180
million population being Muslim. However, the report states that since the global
Islamic micro financing industry itself is in its embryonic stage, the industry in

Pakistan will also take some time to reach the level.

Currently, there are various microfinance banks and institutions offering Shariah
compliant micro loans to the small and medium enterprises (SMEs) as well as
individuals. Although, the trends in the financing provided by banks hint towards the
favourability of Diminishing Musharakah, some NGOs and other institutions are
offering various other models including Wagf, Qard ul Hassan and Takaful, Salam,

but their commercial implementation and sustainability is debatable [100].
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Moreover, in spite of some recent developments which show a hope of improvement
in situation in the near future, for example in 2010, the International Finance
Corporation sponsored a visit of prominent microfinance stakeholder in Pakistan to
XacBank in Mongolia and Grameen Shakti in Bangladesh, in order to assess the
feasibility of clean energy micro financing in Pakistan[101], a local organization,
Buksh Foundation, has announced to initiate a clean energy lending program [102]
and in a more recent development, Khushhali bank announced in February 2014 to
step in the energy microfinancing sector by joining hands with a local solar home
system provider [103], energy micro financing remains a pre-dominantly new and un-

tapped avenue in Pakistan.

In this context, this research study has been designed with the aim of assessing the
social and economic feasibility of introducing renewable energy micro financing

mechanism in rural communities of Pakistan.
Summary

Energy poverty is one of the biggest challenges of the twenty first century. Today,
more than 1.6 billion people around the world lack access to the modern energy
services like electricity connection in their homes. Moreover, around 2.7 billion are
those who depend on biomass for lighting, cooking and space heating purposes [1].
The case studies of various developing countries have shown that government
investments and public funding is almost always insufficient to provide sustainable
energy access to the whole population. Therefore, mobilizing private financial

resources is the need of the hour [23].

One of the most promising ways of overcoming this barrier at micro level, or to be
precise village or household level, could be the end-user energy micro financing [28,
29, 30, 31, 32, 33]. Microfinance is a development tool which provides access to credit
for people “living in poverty who are not considered bankable” by the commercial
banking sector due to a lack of collateral, steady employment or a verifiable credit
history [34]. Today there are 2 most popular models for renewable energy

microfinancing being implemented in developing countries [50]:

1. One-Hand Model: Being Implemented by Grameen Shakti, Bangladesh [51,
52, 53] and IDCOL, Bangladesh [54, 55, 56].
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2. Two-Hand Model: Being Implemented by Foundation for International
Community Assistance FINCA, Uganda [59] and SEEDS, Sri Lanka [60].

However, while there is no denying to the efficiency and wide-spread replicability of
these models, all of them are based on interest rates and hence are not Islamic Shariah
complaint [61, 62].

With only 67% population having a grid supplied electricity connection, only 20%
having access to gas pipeline and around 64% depending on traditional biomass fuels
for cooking, Pakistan presents a worrisome energy sector situation [63, 64]. Even for
those who do have access to the grid, the connection is unreliable, as generation is
overwhelmed by supply, and therefore experience frequent power outages [65].
However, In spite of the success stories of renewable energy microfinancing in
developing countries, it remains a pre-dominantly new and un-tapped avenue in

Pakistan.

On the other hand, according to a 2012 study conducted by the Pakistan Microfinance
Network [100], there is a market for Islamic Microfinancing in Pakistan, with nearly
98% of the 180 million population being Muslim. Currently, a refined form of
Musharakah called, ‘Diminishing Musharakah’ holds the biggest share in Pakistan’s
Islamic Banking Industry [97] and is also most favoured by scholars and practitioners
for asset financing [61, 95, 96].

Therefore, a review of existing literature shows that there is a huge potential for
exploring diminishing Musharakah model for renewable energy microfinancing in

Pakistan.
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Chapter 3
Methodology

This section discusses a review of available methodologies and outlines the specific

methodologies used in this study.
3.1.Review of Available Methodologies

A review of literature reveals that several studies focused on Renewable energy
technology adoption have used ‘Willingness to pay’ as a primary element in assessing
demand or feasibility of products and interventions, with demographic factors,
baseline energy consumption trends and ability to pay being complementary
information [1, 2, 3, 4].

Quite naturally, the demographic factors affect an individual’s way of living and
preferences. Similarly, knowledge of energy usage and consumption behaviors are
crucial for developing a baseline energy load profile for appropriate renewable energy
technology system designing. The other two parameters, i.e. Ability to pay and
Willingness to pay also play an important part while designing microfinance schemes
because if the end-user does not, for any reason, pay back the loan, the scheme will
not sustain. While the former two parameters are relatively easier to assess, the latter
two are quite complicated. Therefore, ability to pay is usually assessed through factors
like monthly income and expenses of the households, reliability and frequency of
income, savings, wealth and current loans. While willingness to pay is assessed by

directly asking their willingness and preferences about the proposed scheme [2, 5, 6].
3.2.Project Methodology

The methodologies followed in this study are explained in the following sub-

sections.
3.2.1.Data Collection

As a first step, basic demographic information and statistics were obtained from the
Manghot Union Council Office. Based on this information, as well after conducting a

through literature search, a specially designed questionnaire was prepared for
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obtaining the data required for assessing feasibility of renewable micro financing in

the selected case study village.

In accordance with the existing literature, the households survey questionnaire for this
study was designed to cover all of these four parameters i.e. Demographic factors,

Energy usage and consumption behaviors, Ability to pay and Willingness to pay.
The questionnaire comprised of the following major sections:

1. Personal and Demographic Information

2. Household Income and expenses

3. Basic Living Conditions

4. Financial Situation of the Household

5. Information Regarding Previous Loans

6. Agriculture and Livestock

7. Energy Consumption

8. General Use of Electricity

9. Perceptions about Renewable Energy and Micro Financing Schemes

The designed questionnaire was then pre-tested in the field to check its

appropriateness and then accordingly, the changes were made in the final version.

The finalized version of the questionnaire used for this study has been attached as

Annex .

After finalizing the revised questionnaire, all 140 households located in the village
were surveyed. In addition, 16 households were found to be residing in the suburbs.
So they were also included in the sampling list. All the respondents were first briefed

about the purpose of the survey.
3.2.2.Data Analysis

A database for the statistical analysis was prepared in SPSS. After the household
surveys were conducted, the data was cleaned, coded and entered into the SPSS

database.

The following methods were then used, as and where required, to analyze the results

of the survey:
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1. Descriptive Analysis

2. Frequency Distribution

3. Cross Tabulation
3.2.3.Technology and Micro Loan Design

Based on the results of data analysis the most preferred renewable energy technology
system was simulated in RETScreen. The micro loan packages were calculated using
established formulas acquired through literature. The details on approaches utilized

are outlined in the respective subsections of the report.

In addition to data obtained from the household surveys, additional inputs were
acquired through desk research and international project references to compliment the

technical SHS and loan design.
Summary
The methodology followed in this study comprises of the following steps:

1. Data Collection

a. Household Survey through comprehensive questionnaire
2. Analysis of Survey Results

a. Software: Statistical Package for Social Sciences (SPSS)

b. Techniques
i. Descriptive Analysis
ii. Frequency Distribution
iii. Cross Tabulation
3. Technology Design
a. Software: RETScreen

4. Microfinance Model Design
a. Literature Review

b. Mathematical formulas
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Chapter 4

Results and Discussion

This section details the results of the household surveys conducted in the case study

village.
4.1. Demographic Information

The section 1 of the questionnaire was designed to assess the demographic
information of the surveyed households. The section comprised of the following sub-

sections:
4.1.1. Number of Residents

The survey results depict that majority of households in the village i.e. 22.4%, have 6
residents in their house. This was followed by a percentage of 21.8% for those having
5 residents and 16% for the households having 4 residents. Overall, we can conclude
that around half of the households in the surveyed village have 5-6 residents in the
house. The detailed breakdown of the number and percentage of households with
respect to the number of residents is given in the Table 3.

TABLE 3: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO NUMBER
OF RESIDENTS

Number of Residents Number of Households Percentage of Households
1 5 3.2
2 18 11.5
3 20 12.8
4 25 16.0
5 34 21.8
6 35 22.4
7 10 6.4
8 7 4.5
9 1 0.6
10 1 0.6
Total 156 100
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4.1.2.Number of Residents with respect to Gender

Around 37% of the surveyed households had 3 male members in their family, while
27% had 2 male members. On an overall basis, more than 60% households reported
2-3 male members in the family. The detailed analysis of percentage and number of
households with respect to the number of male residents in the house is presented in
Table 4.

TABLE 4: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO NUMBER
OF MALE RESIDENTS

Number of Residents Number of Households Percentage of Households
0 3 1.9

1 22 14.1

2 42 26.9

3 57 36.5

4 23 14.7

5 5 3.2

More than 5 4 2.6

Total 156 100.0

The survey results also showed that there are 2 female residents in around 42% of the
surveyed households. This was followed by a figure of 23.7% for the households
having 3 female members in the house. The detailed breakdown of the number and
percentage of households with respect to the number of female residents is given in
the Table 5. A graphical representation of the gender wise distribution of number of
residents is given in Figure 2.

TABLE 5: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO NUMBER
OF FEMALE RESIDENTS

Number of Residents Number of Households Percentage of Households
0 5 3.2

1 36 231

2 65 41.7

3 37 23.7

4 6 3.8

5 6 3.8

More than 5 1 0.6

Total 156 100.0
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FIGURE 2: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO GENDER
DISTRIBUTION OF NUMBER OF RESIDENTS

4.1.3.Education Qualification of Residents

The results showed that in around 49% households, no family member was illiterate,
while in 32% households, only 1 illiterate family member was reported. In 47.5%
households, 1 to 2 family members had education upto the primary school level, 64%
had 1 to 2 secondary school educated residents while the percentage of households
reporting higher secondary school and university educated family members was very
low. This trend shows that in the surveyed village, most of people are either primary
or secondary school qualified.

The detailed results for the number and percentage of households with respect of the

educational qualification of residents is given in Tables 6, 7, 8, 9, 10.

TABLE 6: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO NUMBER
OF ILLITERATE RESIDENTS

Number of Illiterate Residents Number of Households Percentage of Households
0 77 494
1 50 32.1
2 24 154
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3 4 2.6
4 0 0.0
5 1 0.6
Total 156 100.0

TABLE 7: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO NUMBER
OF PRIMARY SCHOOL EDUCATED RESIDENTS

Number of Primary School Number of Households | Percentage of Households
Educated Residents

0 27 17.3

1 40 25.6

2 39 25.0

3 33 21.2

4 13 8.3

5 3 1.9

More than 5 1 0.6

Total 156 100.0

TABLE 8: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO NUMBER
OF SECONDARY SCHOOL EDUCATED RESIDENTS

Number of Secondary School Number of Households | Percentage of Households
Educated Residents

0 24 15.4

1 49 314

2 51 32.7

3 21 135

4 7 4.5

5 3 1.9

More than 5 1 0.6

Total 156 100.0

TABLE 9: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO NUMBER
OF HIGHER SECONDARY SCHOOL EDUCATED RESIDENTS

Number of Higher Secondary School Number of Households | Percentage of Households
Educated Residents

0 96 61.5

1 37 23.7

2 17 10.9

3 5 3.2

4 1 0.6
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5 0 0.0
More than 5 0 0.0

Total 156 100.0

TABLE 10: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO
NUMBER OF UNIVERSITY EDUCATED RESIDENTS

Number of University Educated Number of Households | Percentage of Households
Residents

0 127 81.4

1 16 10.3

2 9 5.8

3 3 1.9

4 1 0.6

5 0 0.0

More than 5 0 0.0

Total 156 100.0

A graphical representation of the percentage of households with respect of the

educational qualification of residents is given in Figure 3

Educational Qualification of the Residents
90
u |lliterate
80 Primary School
m Secondary School

70 m Higher Secondary School
’o@ University
% 60
=)
o
S
%50
o
T
S 40
&
<
830
>
o

20

) I L

0 | ._ - —
0 1 2 3 4 5 More than 5
Number of Residents

FIGURE 3: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO EDUCATIONAL
QUALIFICATION OF THE RESIDENTS
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4.1.4. Employment status of Residents

Around 81% households in the surveyed village had 1 to 2 bread earners while more

than half had 3 to 4 un-employed family members.

Table 11 and 12 provides a detailed breakdown of the number and percentage of

households with respect to the number of employed and un-employed residents.

TABLE 11: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO

NUMBER OF BREAD EARNERS

Number of Residents who are Number of Percentage of Households
Employed/Self-Employed Households

0 26 16.7

1 75 48.1

2 51 32.7

3 4 2.6

4 0 0.0

5 0 0.0

More than 5 0 0.0

Total 156 100.0

TABLE 12: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO
NUMBER OF UN-EMPLOYED RESIDENTS

Number of Residents who are Un- Number of Percentage of
Employed Households Households

0 5 3.2

1 16 10.3

2 20 12.8

3 30 19.2

4 53 34.0

5 20 12.8

More than 5 12 7.7

Total 156 100.0

Figure 4 shows a graphical representation of the percentage of households with

respect of the employment status of residents.
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4.2.Household Income and Expenses

The section 2 of the questionnaire asked the information on the income and expenses
status of the surveyed households. The section comprised of the following sub-

sections:
4.2.1. Source of Income

The respondents were also asked about the major sources of their family income. 122
households listed regular employment as their major source of income. This was
followed by agriculture with 96 households earning a major part of their income
through it. A detail of the results is shown in Table 13.

TABLE 13: NUMBER OF HOUSEHOLDS WITH RESPECT TO THEIR MAJOR SOURCE(S)
OF INCOME (MORE THAN ONE ANSWER POSSIBLE)

Major Sources of Income Number of Households
Regular employment 122

Trade 8

Agriculture and/or Livestock 96

Other 22
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4.2.2.Frequency of Income

According to the survey results, majority of households in the village received their

income monthly or seasonally. Table 14 shows the number of households with respect
to their frequency of income.

TABLE 14: NUMBER OF HOUSEHOLDS WITH RESPECT TO THEIR FREQUENCY OF
INCOME (MORE THAN ONE ANSWER POSSIBLE)

Frequency of Income Number of Households
Daily 13

Weekly 9

Monthly 127

Seasonal 88

4.2.3.Total Monthly Income

Out of 156 households, 80 reported that their average household monthly income is
between Rs. 20,000-30,000. Only 8 surveyed households had the monthly income

above Rs. 40,000. Graphical representation of the results is shown in Figure 5.
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FIGURE 5: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THEIR AVERAGE
MONTHLY HOUSEHOLD INCOME
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4.2.4.Monthly Expenses

After the monthly household income, the respondents were asked about the monthly
household expenses. 53% households reported that their monthly expenses match

their monthly income i.e. they spend Rs. 20,000 to 30,000 per month. Figure 6 shows
a detailed breakdown of results.
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FIGURE 6: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THEIR AVERAGE
MONTHLY HOUSEHOLD EXPENSES

4.3.Basic Living Condition

The section 3 of the questionnaire was designed to assess the basic living conditions

in the surveyed households. The section comprised of the following sub-sections:

4.3.1.Bread and Butter

The respondents were asked if there current income is enough to provide food for the
whole family. Around 64% respondents reported that they get enough food for the
family while 36% answered 'no' to this question. The results of this question are
presented in detail in Table 15.

43



TABLE 15: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THEIR

BREAD AND BUTTER CONDITION

Response Number of Households Percentage of Households
Yes 100 64.1

No 56 35.9

Total 156 100.0

4.3.2.0wnership status of the House

99.4% respondents in the village were living in the house owned by themselves or

their families. Only 1 household was living in a rental house. (Table 16)

TABLE 16: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE

OWNERSHIP STATUS OF THE HOUSE THEY LIVE IN

Ownership Status

Number of Households

Percentage of Households

Owned/Family Owned property

155

99.4

Rental property

1

0.6

Total

156

100.0

4.3.3.Number of Rooms in the House

Around 54% households lived in a 3-room house. This was followed by 28% who

lived in a houses having 4 or more rooms. The detailed results are shown in Table 17.

TABLE 17: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE
NUMBER OF ROOMS IN THE HOUSE

Number of Rooms Number of Households Percentage of Households
1 2 1.3

2 27 17.3

3 84 53.8

4 or more 43 27.6

Total 156 100.0

4.4.Household Financial Situation

The financial situation of the surveyed households was assessed through targeted
questions of section 4 in the questionnaire. The section comprised of the following

sub-sections:
4.4.1. Household Wealth

In order to assess the financial situation of the household, the respondents were asked

about the ownership of cattle, vehicles, radio, TV, Refrigerator, phone, savings etc.
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The results showed that 120 out 156 households owned a refrigerator, 104 owned a
TV, almost all the households owned atleast one mobile phone but only 44 had savings
in home or bank. (Table 18)

TABLE 18: NUMBER OF HOUSEHOLDS WITH RESPECT TO THE OWNERSHIP OF
VARIOUS OBJECTS

Owned Objects Number of Households
Cattle 82
Car Truck Tractor 39
Motorbike 73
Cycle 32
Radio 32
TV 104
Refrigerator 120
Landline phone 25
Mobile Phone 150
Savings at home 12
Savings at bank 32

4.4.2.Status of Family Income in Last 12 Months

Around 76% households reported that their family income has been the same since
last 12 months, while around 10% said it has decreased. (Table 19)

TABLE 19: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE
STATUS OF INCOME SINCE LAST 12 MONTHS

Status of Income

Number of Households

Percentage of Households

Increased 22 14.1
Stayed constant 119 76.3
Decreased 15 9.6
Total 156 100.0

Those who reported a decrease in their family income, were asked what they did to
overcome the decrease in their income. More than half of the respondents said that
they borrowed money at no cost, in order to meet their household expenses. Detailed
breakdown of the answers is shown in Table 20.

TABLE 20: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THEIR
STEPS TO OVERCOME THE SHORTAGE OF MONEY

Action Number of Percentage of

Households Households
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Borrowed money at no cost 8 53.3
Borrowed money with interest 1 6.7
Migration of a family member for 1 6.7
employment

A family member got new employment 5 33.3
Total 15 100.0

4.4.3.History with Loan

45 out of 156 respondents had taken a loan in the past while 111 respondents said

they had never taken a loan in their life. (Table 21)

TABLE 21: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THEIR
HISTORY WITH LOANS

History with Loan Number of Households Percentage of Households
Yes 45 28.8

No 111 71.2

Total 156 100.0

4.5.Loan Information

The section 5 was designed for the households who had a history with loans. As
established in the previous section, only 45 households out of 156 had acquired loan
for some purpose in the past. Therefore the total number of respondents for this section

is 45. The section comprised of the following sub-sections:
4.5.1.Source of Loan

When asked about the source of loan, more than half of the respondents said that they
borrowed money from a friend, while around 31% said they took loan from an
immediate relative. Table 22 depicts the result in an elaborate way.

TABLE 22: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE
SOURCE OF LOAN

Source of Loan Number of Households Percentage of Households
Immediate relative 14 31.1

Distant relative 5 11.1

Institution/Bank 3 6.7

Friend 23 51.1

Total 45 100.0
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4.5.2.Purpose of Loan

Consumption and unexpected events turned out to be two major purposes for taking

loan, with 11 households reporting each. (Table 23)

TABLE 23: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE
PURPOSE OF LOAN

Purpose of Loan Number of Households | Percentage of Households
Consumption (appliances, food, etc.) | 11 24.4

Business 8 17.8

Education 5 11.1

Health reasons 8 17.8

Unexpected events 11 24.4

Other( Daughter's Marriage) 2 4.4

Total 45 100.0

4.5.3.Amount of Loan

Around 76% respondents reported that the amount of their loan was less than Rs.
25,000, followed by 18% having Rs. 25,000-50,000 as loan. Table 24 provides a

detailed breakdown of t

TABLE 24: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE

AMOUNT OF LOAN

he results.

Amount of Loan Number of Households Percentage of Households
Less than 25,000 34 75.6
25,000-50,000 8 17.8
51,000-100,000 2 4.4
Above 100,000 1 2.2
Total 45 100.0
4.5.4.Payback status

Around 71% respondents said that they currently have a loan on their heads while

29% said they have already paid it back. (Table 25)

TABLE 25: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE

STATUS OF LOAN

Currently Having a Loan Number of Households Percentage of Households
Yes 32 71.1

No 13 28.9

Total 45 100.0
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Moreover, those who currently have a loan, were asked if they are finding it difficult

to pay the loan back. The results are depicted in Table 26.

TABLE 26: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE
DIFFICULTIES IN PAYBACK

Facing Difficulty in Payback Number of Households Percentage of Households
Yes 20 62.5

No 12 37.5

Total 32 100.0

4.6. Agriculture and Livestock

The section 6 of the questionnaire inquired about the involvement of the households
in agriculture and livestock. This section holds critical importance for determining the
potential of using biomass as a source of renewable energy generation. The section

comprised of the following sub-sections:
4.6.1.Involvement in Agriculture and Livestock

In total, 146 households were involved in agricultural activities, while only 85 were
involved in livestock farming. Detailed breakdown of the results is given in Table 27,
28 and Figure7.

TABLE 27: NUMBER AND PERCENTAGE OF HOUSEHOLDS INVOLVED IN
AGRICULTURE

Household's Involvement in Number of Households | Percentage of Households
Agriculture

Yes 146 93.6

No 10 6.4

Total 156 100.0

TABLE 28: NUMBER AND PERCENTAGE OF HOUSEHOLDS INVOLVED IN LIVESTOCK

Household's Involvement in Livestock | Number of Households | Percentage of Households
Yes 85 54.5

No 71 45.5

Total 156 100.0
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FIGURE 7: PERCENTAGE OF HOUSEHOLDS INVOLVED IN AGRICULTURE AND
LIVESTOCK

4.6.2.0wnership Status of Agricultural Land
Of the households involved in agriculture, around 97% reported that they own the

agriculture land, 1.4% said they work as tenants, while others worked on Government

owned agricultural land. The detailed breakdown is presented in Table 29.

TABLE 29: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE
OWNERSHIP OF AGRICULTURAL LAND

Status Number of Households Percentage of Households
Owner 143 97.9
Tenant 2 1.4
Government land 1 0.7
Total 146 100.0

4.6.3.Area of Agricultural Land

Around half of the households had agricultural lands with area less than 1 acre. This
was followed by 40% of those who reported having 1 to 5 acres of agricultural land.
Table 30 presents a clear picture of this trend.
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TABLE 30: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE
AREA OF AGRICULTURAL LAND

Area

Number of Households

Percentage of Households

Less than 1 acre

72

49.3

1 acre - 5 acres 58 39.7
5 acres - 10 acres 7 4.8
Above 10 acres 3 21
Not Sure 6 4.1
Total 146 100.0

Almost the same result can be seen in case of total agricultural land area under
cultivation as 52% households reported that they have less than 1 acre of land under
cultivation. (Table 31)

TABLE 31: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE
AREA UNDER CULTIVATION

Area Under Cultivation Number of Households Percentage of Households
Less than 1 acre 76 52.1

1 acre - 5 acres 55 37.7

5 acres - 10 acres 7 4.8

Above 10 acres 3 2.1

Not sure 5 3.4

Total 146 100.0

4.6.4.Cultivated Crops

The respondents were further asked about the type of crops they usually grow. The
highest number of households were reported to grow wheat while barley came as a

close second. Table 32 shows the results in detail.

TABLE 32: NUMBER OF HOUSEHOLDS WITH RESPECT TO THE CULTIVATED CROPS

(MORE THAN ONE ANSWER POSSIBLE)

Crops Number of Households
Wheat 134

Barley 119

Maize 101

Millets 6

Pulses 113

Vegetables and fruits 7

Others 9
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4.6.5.Crop Residue

When asked about the amount of crop residue generated, the respondents were not
sure as they had never tried to quantify it. However, on a rough estimate, most of them
said they collect around 4 to 6 Mann of crop residue per crop reason. They were
further asked what they usually do to the collected residue, the responses are
summarized in Table 33.

TABLE 33: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE USE
OF CROP RESIDUE

Use of Crop Residue Number of Households Percentage of Households
Burn it 18 12.3

Use it for Fodder 76 52.1

Sell it 52 35.6

Total 146 100.0

4.6.6.Changes in Production

47% households reported that their agricultural production has increased as compared
to the last season, while 41% said there has been no change since last season. (Table
34)

TABLE 34: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO
CHANGES IN AGRICULTURAL PRODUCTION

Changes

Number of Households

Percentage of Households

Yes, it increased

69

47

Yes, it decreased 2 1

No 60 41
Don't know 15 10
Total 146 100.0

4.6.7.Number of Livestock Animals

Among the 85 households who are involved in livestock farming, more than 28% said

they owned 2 cows, while around 24% had 3 cows.

Moreover, around 51% reported that they do not own any goats and 49% said they do

not have chickens. Table 35, 36 and 37 provides details of the results.
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TABLE 35: NUMBER
NUMBER OF Cows

AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO

Number of Cows

Number of Households

Percentage of Households

None 5 59

1 15 17.6
2 24 28.2
3 20 235
4 9 10.6
5 5 5.9

6 4 4.7
10 or more 3 3.5
Total 85 100.0

TABLE 36: NUMBER

AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO

NUMBER OF GOATS
Number of Goats Number of Households Percentage of Households
None 43 50.6
1 9 10.6
2 9 10.6
3 7 8.2
4 3 3.5
5 3 35
6 5 5.9
8 4 4.7
10 or more 2 24
Total 85 100.0

TABLE 37: NUMBER

AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO
NUMBER OF CHICKENS

Number of Chickens

Number of Households

Percentage of Households

None

42

49.4

2.4

59

2.4

8.2

4.7

8.2

1.2

0| N| o O B W N

N P N D NN o N

2.4
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153
100.0

10 13
Total 85

4.6.8.Income from Livestock

Out of the 85 households involved in livestock farming, 75 said that they get

additional income from livestock. (Table 38)

TABLE 38: NUMBER AND PERCENTAGE OF HOUSEHOLDS EARNING ADDITIONAL
INCOME FROM LIVESTOCK

Income from Livestock

Number of Households

Percentage of Households

Yes 75 88.24
No 10 11.76
Total 85 100.00

Among them, 58 get the income by selling animal products while around 38 sell the
animals. (Table 39)

TABLE 39: NUMBER OF HOUSEHOLDS WITH RESPECT TO THEIR SOURCE OF INCOME
FROM LIVESTOCK (MORE THAN ONE ANSWER POSSIBLE)

Source of Income Number of Households

Selling animals 38

Selling animal products 58

The respondents earning additional income from livestock were further asked how
much do they usually earn through the animals. The results are summarized in Table
40.

TABLE 40: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE
AMOUNT OF INCOME FROM LIVESTOCK

Income Number of Households Percentage of Households
Less than 2000 57 76.0

2000 - 4000 12 16.0

4000 - 6000 3 4.0

Above 6000 3 4.0

Total 75 100.0

4.6.9.Livestock Waste

When asked about the amount of livestock waste generated, the respondents were not
sure as they had never tried to quantify it. They were further asked what they usually

do to the animal waste, the responses are summarized in Table 41.
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TABLE 41: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE USE
OF ANIMAL WASTE

Use of Livestock Waste Frequency Percentage
Use it as fertilizer 85 100.0
Other 0 0.0

Total 85 100.0

4.7.Energy Consumption

The existing energy consumption trends of the surveyed households were assessed
through questions of section 7 in the questionnaire. The section comprised of the

following sub-sections:
4.7.1.Knowledge about Energy Sources

The respondents were inquired about their knowledge of energy sources, both primary
and secondary. The results showed that there was ample knowledge about electricity,
kerosene oil, firewood, LPG and biomass, however, the number of households having
knowledge about the renewable energy sources was very less. (Table 42)

TABLE 42: NUMBER OF HOUSEHOLDS WITH THEIR KNOWLEDGE OF ENERGY
SOURCES (MORE THAN ONE ANSWER POSSIBLE)

Energy Sources Number of Households
Electricity 156
Natural Gas 93
Kerosene Oil 156
Liquefied Petroleum Gas (LPG) 145
Firewood 156
Dung 133
Coal 7
Solar 81
Hydro 4
Wind 5

4.7.2.Most Important Energy Sources
When asked which energy source/sources you need the most, the majority of
respondents, said they need electricity the most. Table 43 depicts are clear picture of

the results.
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TABLE 43: NUMBER OF HOUSEHOLDS WITH RESPECT TO THE MOST NEEDED

ENERGY SOURCE(S) (MORE THAN ONE ANSWER POSSIBLE)

Energy Sources Number of Households
Electricity 144
Natural Gas 16
Kerosene oil 2
Liquefied Petroleum Gas (LPG) 117
Firewood 82
Dung 13
Coal 2
Solar 50
Hydro 3
Wind 0

4.7.3.Energy Used for Lighting

All 100% households reported that they use electricity for lighting their homes.
(Figure 8)

Type of Energy Used for Lighting

m Electricity

FIGURE 8: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE ENERGY SOURCE
USED FOR LIGHTING

4.7.4.Energy Used for Cooking

75% households in the surveyed village used Liquefied Petroleum Gas (LPG) for
cooking. This was followed by firewood with around 14% households using it. The

detailed results are shown in Table 44.
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TABLE 44: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE
ENERGY SOURCE USED FOR COOKING

Energy Sources

Number of Households

Percentage of Households

Natural gas 8 5.1
Dung cake 10 6.4
Liquefied Petroleum Gas (LPG) 117 75.0
Firewood 21 13.5
Total 156 100.0

4.7.5.Energy Used for Space Cooling

Just like lighting, space cooling in the surveyed village was also done through

electricity as 100% respondents reported this. (Figure 9)

Type of Energy Used for Space Cooling

m Electricity

FIGURE 9: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE ENERGY SOURCE
USED FOR SPACE COOLING

4.7.6.Energy Used for Space Heating

Around 76% respondents used firewood to heat up their homes during winters, while

around 14% said they do not heat up their homes. Table 45 shows a detailed

breakdown of the results.
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TABLE 45: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE
ENERGY SOURCE USED FOR SPACE HEATING

Energy Sources Number of Households Percentage of Households
None 22 14.1

Dung cake 3 1.9

Liguefied Petroleum Gas (LPG) 12 7.7

Firewood 118 75.6

Electric Heater 1 0.6

Total 156 100.0

4.7.7.Energy Used for Water Heating

For water heating, as many as 80% households used firewood collected from nearby

areas. Other sources used for this purpose include LPG, animal dung, natural gas

and coal. (Table 46)

TABLE 46: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE
ENERGY SOURCE USED FOR WATER HEATING

Energy Sources Number of Households Percentage of Households
Natural gas 5 3.2

Dung cake 6 3.8

Liquefied Petroleum Gas (LPG) 16 10.3

Firewood 125 80.1

Coal 4 2.6

Total 156 100.0

4.7.8.Collection of Firewood

The respondents were further asked that in case firewood needs to be used as an
energy source, who in the household is usually responsible for collecting it. The
results are being shown in Table 47, depicting that male members of the households
are usually the ones to collecting firewood.

TABLE 47: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE
MEMBERS RESPONSIBLE FOR COLLECTING FIREWOOD

Sources Number of Households Percentage of Households
Men 94 60.3

Women 58 37.2

Children 4 2.6

Total 156 100.0
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4.8.General Use of Electricity

After determine the overall energy consumption situation in the households, the
section 8 focused on the electricity consumption in particular. The section comprised

of the following sub-sections:
4.8.1.Electricity Intensive Activities at Home

In order to get an idea of the electricity consumption trends in the surveyed village,
the respondents were asked about the electricity intensive activities which are carried
out in their household. As can be seen from Table 48, almost all the households used
electricity for lighting and space cooling. The other major electricity consuming
activities included watching TV and charging mobile phones.

TABLE 48: NUMBER OF HOUSEHOLDS WITH RESPECT TO THEIR ELECTRICITY
INTENSIVE ACTIVITIES (MORE THAN ONE ANSWER POSSIBLE)

Activities Number of Households
Lighting 156

Space Cooling (Fans) 154

Space Cooling (Air-conditioning) 4

Watching TV 145

Listening to Radio 20

Charging mobile phones 139

Using desktop computer 22

Charging laptop 8

4.8.2.Use of Electric Appliances

The electricity consumption behavior was further assessed by the questions directly
targeted at the number and daily consumption of specific electric appliances in the

household.
4.8.2.1.Tube lights

Around 21% households reported that they have 4 tube lights installed in their homes,
while 26% said they do not have any tube light in the house. Moreover, more than
34% said that the average use of each tube light in their home is 3 hours per day. The

overall situation is shown in Figure 10.
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FIGURE 10: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE NUMBER AND
DAILY USE OF EACH TUBE LIGHT

4.8.2.2.Energy Saver Lights (Compact Fluorescent lights)

When asked about the energy saving compact fluorescent lights, 18.6% said they have
2 energy savers installed in their home. Also, 53% households stated that they use the

energy saver light for around 5 hours per day. Figure 11 presents a graphical overview
of the results.

Use of Energy Saver Lights in the Households
60

50

N
o

w
o

mmm Number of Energy Savers
—Hours of Use Per Day

N
o

Percentage of Households (%)

10

. . I
5

None 1 2 3 4

6 or more

FIGURE 11: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE NUMBER AND
DAILY USE OF EACH ENERGY SAVER LIGHT
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4.8.2.3.LED Lights

The survey results show that none of the households in the surveyed village was using

LED lights, or was even aware of their benefit. (Table 49)

TABLE 49: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE
NUMBER OF LED LIGHTS

Number of LED Lights Number of Households Percentage of Households

None 156 100.0

4.8.2.4.Television

Only 7 households in the village owned a black and white television, which was being
used for 1 to 2 hours per day (Figure 12).

However, 138 households reported owning colored TV and around half of them
reported its use about 3 to 4 hours in a day (Figure 13).

4.8.2.5.Radio/Tape Recorder

Radios/Tape recorders were owned by only 20 households in the village, among
which 13 had only one in their home. The average use of these devices was estimated
to be 1 hour per day. (Figure 14)
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FIGURE 12: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE NUMBER AND
DAILY USE OF BLACK AND WHITE TVS
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FIGURE 13: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE NUMBER AND
DAILY USE OF COLORED TVsS
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FIGURE 14: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE NUMBER AND
DAILY USE OoF EACH RADIO/TAPE RECORDER

61




4.8.2.6.Fans

Due to the geographical and climatic conditions in the area, space cooling is needed
in every house in the village. This is why 154 households, out of 156, reported using
fans during summer season. Around half of the village households have 2 to 3 fans
installed in their house. Moreover, the average use of each fan was reported by almost
all of households to be more than 6 hours. Figure 15 presents are graphical picture of
the results.

4.8.2.7.Air conditioners

Only 4 households in the village owned an air conditioner, which they use around 1

to 3 hours per day. (Figure 16)
4.8.2.8.Mobile Phones

All except 17 households had atleast 1 mobile phone in their house. Around 47%
reported 1 mobile phone, 22% reported 2 phones while 16% said they have 3 mobile
phones in the house. The average use of a mobile phone charger was estimated to be

1 hour in a day. An overview of the results is shown in Figure 17.
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FIGURE 15: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE NUMBER OF AND
DAILY USE OF FANS
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4.8.2.9.Laptops

The survey results show that 7 households in the village had 1 laptop computer and
only 1 had 2 laptop computers in their house. Each laptop charger was reported to be
used 1 to 2 hours per day. Figure 18 is shows a graphical overview of results.
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FIGURE 18: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE NUMBER AND
DAILY USeE oF EACH LAPTOP CHARGER

4.8.2.10. Desktop Computers

21 Households owned desktop computers, which were being used 1 to 2 hours each
day. (Figure 19)
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FIGURE 19: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE NUMBER AND
DAILY USeE OF DESKTOP COMPUTER
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4.8.2.11. Water Motors

Most of the households used hand pumps to fetch water from underground. However,

during the survey, it was learned that 33 households had water motors in their homes.

The average use of each water motor was reported to be 1 to 2 hours per day. (Figure
20)
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FIGURE 20: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE NUMBER AND
DAILY USe oF WATER MOTORS

4.8.2.12. Laundry Machines
Only 5 Households owned laundry machines while all others did not own that.

Most of them reported its average use of 1 hour every alternate day i.e. half an hour
per day. (Figure 21)

4.8.2.13. Cloth Iron

Around 63% households stated that they own 1 cloth iron, which they usually use

approximately half an hour per day. (Table 50 and 51)
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FIGURE 21: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE NUMBER AND

DAILY USE OF LAUNDRY MACHINES

TABLE 50: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE

NUMBER OF CLOTH IRONS

Number of Cloth Irons

Number of Households

Percentage of Households

None 58 37.2
1 98 62.8
Total 156 100.0

TABLE 51: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO DAILY

Use oF EACH CLOTH IRON

Number of Hours/Day Number of Households Percentage of Households
None 0 0.0
0.5 96 98.0
1 2 2.0
Total 98 100.0

4.8.3.Monthly Electricity Bill

The households were further asked about the average electricity bill. The results,
summarized in Figure 22, show that 66% households had a monthly electricity bill
of Rs. 1,000 to 3,000.
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FIGURE 22: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE MONTHLY
ELECTRICITY BILL

4.8.4. Preferred Source of Electricity

During the survey, the respondents were asked that if they had free choice, what

would they prefer as source of electricity. The detailed breakdown of the results is
shown in Table 52.

TABLE 52: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE
PREFERRED SOURCE OF ELECTRICITY

Sources of Electricity

Number of Households

Percentage of Households

Grid

25

16

Diesel Generator 0 0
Natural gas generator 0 0
storage battery 0 0
Solar home System 131 84
Total 156 100

4.9.Perceptions about Renewable Energy and Microfinancing

The last section of the survey questionnaire was focused on assessing the perceptions
and preferences of the community regarding renewable energy technologies and

micro financing. The following sub-sections were included in this section of the
guestionnaire:
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4.9.1.Knowledge about Renewable Energy Sources

The results show that 136 households in the village knew about biomass energy as
they were already using the firewood as a source of energy. Moreover 120 households
in the village had a knowhow about solar energy. (Table 53)

TABLE 53: NUMBER OF HOUSEHOLDS WITH RESPECT TO THE KNOWLEDGE OF
RENEWABLE ENERGY SOURCE(S) (MORE THAN ONE ANSWER POSSIBLE)

Renewable Energy Sources Number of Households
None 35

Solar 120

Wind 5

Biomass 136

Hydro 3

Other 0

4.9.2.Positive Impacts of Renewable Energy Technologies

The respondents were further asked about their thoughts on whether the use of
renewable energy technologies can bring any changes in life. The answers are
summarized in Table 54

TABLE 54: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THEIR
PERCEPTIONS REGARDING IMPACTS OF RENEWABLE ENERGY TECHNOLOGIES

Change Which Could be Brought by | Number of Households | Percentage of Households
Renewable Energy Technologies

Yes, it can reduce energy costs 127 81.4

Yes, (other reason) 2 13

No 4 2.6

Don't Know 23 14.7

Total 156 100.0

4.9.3.Adoption of Renewable Energy Technology

More than 90% households in the village stated that they had never tried to access any
kind of renewable energy technology (Table 55). More than 35% of them reported
that high cost of the renewable energy technologies kept them from trying to acquire

them. Table 56 provides a detailed breakdown of the reasons.
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TABLE 55: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE
PREVIOUS EFFORTS FOR ACQUIRING RENEWABLE ENERGY TECHNOLOGIES

Previous Efforts to Acquire Renewable | Number of Households | Percentage of Households
Energy Technologies

Yes 12 1.7
No 144 92.3
Total 156 100.0

TABLE 56: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE
REASONS FOR NOT TRYING TO ACQUIRE RENEWABLE ENERGY TECHNOLOGIES

Reasons for Not Trying to Acquire Renewable Number of Percentage of
Energy Technologies Households Households
High cost 51 35.4
Unawareness about its benefits 2 1.4
Unawareness about its existence 33 22.9
Unavailability 58 40.3

Total 144 100.0

4.9.4.Willingness to Buy Renewable Energy Technology on Micro-Loan

The households in the surveyed village were then directly asked about their
willingness to buy renewable energy technologies on Micro-Loan. A clear majority

of the respondents, i.e. 82.7% gave a positive response while 17.3% showed their un-
willingness. (Figure 23)
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FIGURE 23: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THEIR WILLINGNESS
TO Buy RENEWABLE ENERGY TECHNOLOGIES ON LOAN
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Among the 17.3% households who showed their un-willingness, 37% stated that their
financial situation does not allow them to take loan. The detailed breakdown is
provided in Table 57.

TABLE 57: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THEIR

REASONS FOR UN-WILLINGNESS TO BUY RENEWABLE ENERGY TECHNOLOGIES ON
LOAN

Reasons for Un-willingness Number of Households | Percentage of Households
Financial problems 10 37

Not sure if it will benefit us 4 14.8

No need 13 48.1

4.9.5.Preferred Type of Renewable Energy Technology on Micro-Loan

When asked which renewable energy technology they would prefer to acquire through
Micro-Loan, around 93% respondents opted for solar home system, while 7% stated
they would prefer biogas plant. (Table 58)

TABLE 58: NUMBER AND PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE
PREFERRED TYPE OF RENEWABLE ENERGY TECHNOLOGY

Renewable Energy Technology Number of Households Percentage of Households
Solar Home System 145 92.9

Biogas 11 7.1

Total 156 100.0

4.9.6.Preferred Upfront Payment

More than half of the respondents stated that they could only afford an upfront
payment of Rs. 6000 or less, for buying renewable energy technology on Micro-Loan.
(Figure 24)

4.9.7.Preferred Monthly Installment

Around 74% households reported that a monthly installment of less than or equal to
Rs. 2000 would suit them the most, while 21% said they could pay Rs. 2000 to 4000
per month as installment. (Figure 25)
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FIGURE 24: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE PREFERRED
UPFRONT PAYMENT (RS.)
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FIGURE 25: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE PREFERRED
MONTHLY PAYMENT (RS.)

4.9.8.Preferred Duration of Loan

In case of loan duration, more than half of the respondents said they would be most
comfortable if the loan duration is 3 years or more. (Figure 26)
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FIGURE 26: PERCENTAGE OF HOUSEHOLDS WITH RESPECT TO THE PREFERRED
DURATION OF LOAN

4.10. Comments and Suggestions from the Respondents

At the end of the survey, each respondent was asked to express his opinion or any
comments/suggestions about the proposed renewable energy microfinance

intervention. The major points raised by the respondents are summarized below:

4.10.1. Interest Rate

Majority of the respondents expressed that the bank loans are provided with the
compulsion of interest rates (‘Sood’ in Urdu) and being Muslims, they are forbidden
to indulge in any interest-based activity Therefore, they suggested that the micro-loan
should be designed without the element of interest rate in it.

4.10.2. Operation and Maintenance of Renewable Energy Technologies

Another concern of the local community was the complicated operation of renewable
energy technologies. They expressed their concern that they might not be able to
operate the system correctly and hence their money could go to waste. Moreover, they
also feared that if the system stops working during or after the loan period, it will cost
them more money and hassle. Some of the respondents suggested that the loan
provider should take the responsibility of maintenance and that maintenance should
not cost them extra money.
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4.11. Conclusion

From the survey results, it can be concluded that most of the households in the case
study village are both willing and able to adopt renewable energy technologies,

through micro-loans.

The survey results further show that solar home system is the preferred type of
technology for the respondents. It employs that solar home systems can be considered

for micro-financing.
Summary

The results of the household survey revealed the following major points:

1. The majority of case study village households have 5-6 residents in the
household, with most of the family members being either primary or
secondary school qualified, and 1-2 family members responsible for bread
earning for the whole family.

2. The major profession in the village is regular employment, with agriculture
and livestock being a close second. Accordingly, most of the households get
monthly income.

3. Eighty out of 156 surveyed households reported that their average monthly
household income is between Rs. 20,000-30,000. Approximately the same
number of households said that they spend on average Rs. 20,000-30,000 per
month for household expenses.

4. Most common energy source used for lighting is electricity, while LPG is used
for cooking, electric fans are used for space cooling in summers and firewood
is used for space and water heating in winters by most of the households.

5. Lighting, space cooling with fans and air conditioners, watching TV, listening
to radio, charging mobile phones, using laptop and desktop computers, using
laundry machines and cloth irons are the electricity intensive activities
conducted in the village.

6. More than half of the households have an average electricity bill of Rs. 1000
to 3000 per month.

7. When asked their willingness to buy renewable energy technologies on Micro-
Loan, around 83% said yes. Among them, 93% said they would prefer solar

home system for buying on micro loan.
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8. Most of the respondents willing to buy renewable energy technology on micro
loan said they could only afford an upfront payment of Rs. 6,000 or less and a
monthly installment of Rs. Rs. 2000 or less. Also, most of them preferred a
loan duration of 3 years or more.

9. The respondents expressed their concern about the element of Interest rate in
bank loans and suggested that the proposed Micro-Loan should be designed to
be interest-free. They also demanded that the maintenance service should also
be provided by the loan provider, without extra fee.

10. Based on the survey results, solar home system should be further considered

for micro financing in the case study village.
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Chapter 5

Solar Home System Design

Just like any other technological system, a SHS performs only as well as its worst
component. Therefore, on one hand, it is extremely important to ensure quality of each
component as even one poor quality component can downgrade the whole system’s
performance. On the other hand, proper sizing also holds critical importance because
both over and under sized components induce significant in-efficiencies in the system,

resulting in high price per unit power and high risk of system failure.

The sizing of Solar Home Systems (SHS) depend mainly on the energy demand and

appliance use, available solar resources and available system components.

Basic framework used of SHS sizing is shown in the Figure 27.

Determine the average minimum solar resource available

A4

Develop a typical daily load profile

A4

Calculate the size the solar panel and the system charge required per day

I

Size the battery

I

Size the charge controller, inverter and estimate the required wiring and accessories.

FIGURE 27: TYPICAL FRAMEWORK FOR SHS DESIGNING
In this study, the first two steps are performed manually while the other steps have

been performed using RETScreen International simulation software.
5.1. Available Solar Resources

The case study village is located in the northern Barani area of Punjab province. The
area receives and annual average rainfall of 1000 — 1200 mm, occurring mostly in July

and August as monsoon rains. Winter season lasts from December to February and
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remains mostly dry, spring season, from March to May, remains also remains dry, but

hot and from June to September, the wet summer season prevails. The region also

experiences a monsoon retreat season in October and November. Table 59 shows a

summary of regional climatic information of Rawalpindi [1, 2, 3].

TABLE 59: CLIMATE OF RAWALPINDI DISTRICT

Parameter Rawalpindi
Longitude 33°36'00"N
Latitude 73°02'24"E
Elevation ~490m
Annual average precipitation 1000-1200 mm
Average June highs/lows 38/24 °C
Average January highs/lows 16/3 °C
Absolute Maximum 47 °C
Absolute Minimum -3°C

As shown by the solar radiation model developed by the National Renewable Energy
Laboratory (NREL), USA [4] (Figure 28), Pakistan has got abundant solar resources.
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FIGURE 28: SOLAR RESOURCES OF PAKISTAN

The Global solar radiation is essentially the sum of direct and diffused solar radiations

falling on a horizontal surface. As shown by the solar resource map, the project area
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receives an annual global solar radiation average of around 5.0-5.5 kWh/m2/day. The
case study village, Jajja, lies with the coordinates 33° 16" 12" N and 73° 8' 9.5994" E.

The Tables 60 and 61 show the detailed estimates of average daily solar radiation, as

simulated by RETScreen.

TABLE 60: DAILY SOLAR RADIATION INCIDENT ON A HORIZONTAL SURFACE

(KWH/M2/DAY)
Month kWh/m2/day
Jan 2.13
Feb 3.22
Mar 3.77
Apr 4.56
May 5.26
Jun 5.67
Jul 4.79
Aug 4.63
Sep 4.36
Oct 4.33
Nov 3.13
Dec 2.32
Annual Average 4.02

TABLE 61: DAILY SOLAR RADIATION INCIDENT ON EQUATOR-POINTED 33 DEGREE

TILTED SURFACE (KWH/M2/DAY)

Month kWh/m2/day
Jan 2.86
Feb 4.07
Mar 4.16
Apr 4.55
May 4.86
Jun 5.05
Jul 4.36
Aug 4.47
Sep 4.65
Oct 5.47
Nov 4.49
Dec 341
Annual Average 4.36
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5.2. Typical Load Profile

Since the village households varied with their income status, number of residents,
number of rooms and hence the lifestyle, it was not possible to design a solar home

system catering to the exact need of all the households.

Therefore, a typical load profile for the individual households in the case study area
was developed keeping in mind that the proposed solar home system size and design
should be able to bear the summer season load of the electricity intensive activities

which are carried out in atleast 50% households in the village.

Recalling the survey results, it was learned that the village households are involved in
the following electricity intensive activities:

1. Lighting: 156 Households
2. Space Cooling (Fans): 154 Households
3. Space Cooling (Air-conditioning): 4 Households

4. Watching TV: 145 Households
5. Listening to Radio: 20 Households
6. Charging mobile phones: 139 Households
7. Using desktop computer: 22 Households
8. Charging laptop: 8 Households

The results clearly shows that only 4 activities i.e. Lighting, Space cooling with fans,
watching TV and charging mobile phones, are carried out in more than 50%
households. Therefore, the typical load profile will be developed considering only

these 4 activities.
1. Lighting:

The village households are using two types of lighting fixtures i.e. tube lights and

compact fluorescent lights, commonly known as energy savers.

In the previous chapter, the use of tube lights in the village has been discussed in
detail. The survey results show that all the households use tube lights, except for the
41 households which reported using other lighting technologies. Moreover, among
those who use tube lights in their homes, majority of the households said they have 4
tube lights installed in their house and each of them is used for an average 3 hours per

day.
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The use of compact fluorescent lights has also been analyzed in previous chapter. It
can be seen from the survey results that most of the households have 2 of these lights
installed in their house. Moreover, more than half of the households said that they use
each of the energy savers for an average 5 hours each day.

Overall, a typical household in the case study village presents the following lighting

profile:

v" 4 Tube lights, each used for 3 hours per day.
v 2 Compact Fluorescent lights, each used for 5 hours per day.

2. Space Cooling with Fans:

In total, 154 out of 156 households surveyed reported using fans for space cooling in
summers. As depicted by the survey results, more than 26% households have 3 fans
installed in their house. As for the daily use of fans, around half of the households
reported a use of more than 8 hours for each fan, per day. Since it can be well
understood that due to local climate, space cooling is needed throughout day and night
in summers, so an average of 10 hours each fan would be an appropriate conservative

estimate of fan usage in the village.

Therefore, for the purpose of developing a typical load profile, we can conclude that

an average household uses:

v' 3 Fans, each used for 10 hours per day.
3. Watching TV:

It can also be seen in the survey results that 138 out of the 156 households own one
or more color Televisions. Among them, more than 86% reported having only 1
television for the whole family. Also, around half of the households having color
Television in their home said that they watch it for on average 4 hours each day.

Therefore, it can be concluded that in a typical household, there is:

v 1 colored TV, used for 4 hours per day
4. Charging Mobile Phones:

All except 17 households had atleast 1 mobile phone in their house. Moreover, around
half of the participating households said they have only 1 mobile phone in the house.
Also, more than 74% said that they have to charge the mobile phone for on average 1

hour each day.
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So, it can be deduced that a typical household in the village uses:
v 1 Mobile phone, charged for 1 hour per day

In summary, the survey results present the following as a typical summer season
electricity

v 4 Tube lights, each used for 3 hours per day.

2 Compact Fluorescent lights, each used for 3 hours per day.

v

v 3 Fans, each used for 10 hours per day.
v" 1 colored TV, used for 4 hours per day
v

1 Mobile phone, charged for 1 hour per day
Generally, these appliances have the average wattage shown in Table 62 [5, 6]

TABLE 62: AVERAGE WATTAGE OF VARIOUS ELECTRIC APPLIANCES

Appliance Wattage
Tube Light 40
Compact Fluorescent light 22

Fan 80

TV 200
Mobile Phone Charger 5

The typical load profile was then calculated as shown below:

Tube Lights: 4 x 40 watts x 3 hours = 480 watt-hour/day
Compact Fluorescent Lights: 2 x 22 watts x 5 hours = 220 watt-hour/day
Fans: 3 x 80 watts x 10 hours = 2400 watt-hour/day
Television: 1 x 200 watts x 4 hours = 800 watt-hour/day
Mobile Phone Charger: 1 x 5 watts x 1 hour = 5 watt-hour/day

Total: 3905 watt-hour/day

= 43.905 kWh/day
=117.15 kWh/month

5.3.RETScreen Simulations for PV System Design

RETScreen has been used to design the solar photovoltaic home systems for this

study. The designing has been conducted with following standards:
General:

Grid Electricity Rate: 20 PKR/kWh
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Fuel Cost Escalation Rate: 10%

Inflation Rate: 8%
Discount Rate: 10%
Project Life: 25 Years
Inverter:

Inverter Efficiency: 95%
Miscellaneous Losses: 1%
Battery:

Days of Autonomy: 1
Voltage: 12
Efficiency: 90%
Maximum Depth of Discharge: 80%
Charge Controller Efficiency: 95%
Temperature Control Method: Ambient

Average Battery Temperature De- rating:  2.4%

Photovoltaic:

Solar tracking mode: Fixed

Slope: 33.3 degrees
Azimuth: 0.0 degrees
Annual Titled Solar Radiation: 1.59 MWh/m?

System Price Estimates:

Solar Panels: Yingli Solar - @ Rs. 100 per Watt
Battery: Rs. 15 Per Watt

Charge Controller: Rs. 25,000

Wiring: 2% of power system cost

Inverter: 1 kW — Rs. 14,000

Transportation and Installation: Rs. 5,000

5.3.1.PV System for Typical Existing Load

This system has been designed as per the typical load profile established earlier. The

RETScreen simulation results are shown below:
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SYSTEM LOAD

Description AC/DC | Base case Hours of use per | Days of use per
load day week
w h/d diw
Tube Light AC 40.00 3.00 7
Tube Light AC 40.00 3.00 7
Tube Light AC 40.00 3.00 7
Tube Light AC 40.00 3.00 7
Compact Fluorescent Light | AC 22.00 5.00 7
Compact Fluorescent Light | AC 22.00 5.00 7
Ceiling Fan AC 80.00 10.00 7
Ceiling Fan AC 80.00 10.00 7
Ceiling Fan AC 80.00 10.00 7
Television AC 200.00 4.00 7
Mobile Phone Charger AC 5.00 1.00 7
Total Number of Watts 649.00
Total Daily AC Load 3.91 kWh
Peak Annual Load 0.65 kW

SYSTEM DESIGN

Inverter

1 kw

Battery

470 Ah (6 KWh)

Power Capacity of Selected Solar Panels

1715 Watts (1.72 KW)

Efficiency of Selected Solar Panels

15%

Electricity delivered to load by the selected solar panels

1.47 MWh (103%)

SYSTEM COST

Component Cost (PKR)
Solar Panels 171,500
Charge Controller 25,000
Battery 84,580
Inverter 14,000
Wiring 5,622
Transportation/Installation 5,000
Total 305,702
FINANCIAL VIABILITY
Pre-tax IRR — equity 19.6%
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Pre-tax IRR — assets 19.6%
After-tax IRR — equity 19.6%
After-tax IRR — assets 19.6%
Simple payback 10 years
Equity payback 6.8 years
Net Present Value (NPV) (PKR) 456,961
Annual life cycle savings (PKR/Year 50,342
Benefit-Cost (B-C) ratio 2.49
GHG reduction cost (39,783)

5.3.2.Proposed Scenarios for Cutting Cost of the PV System

Considering the high cost of the PV system for the typical load profile, it can be well
assumed that the majority of the potential SHS users in the case study village will not
be able to afford this system. Moreover, since the village households are different in
terms of their income and electricity consumption, a single design of PV system

cannot be proposed for all the households in the community.

As mentioned earlier, the survey results indicated that the village population can be

divided into 3 distinct groups with respect to their monthly income i.e.

1. Lower income group (10,000 to 2,000 Rs. Per month)
2. Medium income group (20,000 to 30,000 Rs. per month)
3. Higher income group (30,000 to 40,000 Rs. Per month)

When looked into further depth, it was also found that majority of lower income group
households had 2 rooms in their house, most of those earning between 20,000 to
30,000 Rs. Per month had 3 rooms in their house while more than half of the
households falling in the higher income group had 4 or more rooms in their house
(Table 63).

TABLE 63;: CROSS-TABULATION OF HOUSEHOLD INCOME AND NUMBER OF ROOMS
IN THE HOUSE

How many rooms are there in the Total

house you currently reside in?

1 2 3 4 or more

Less than 0 0 3 5 8
10,000
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How much is the total 10,000- 19 7 2 30

household monthly income 20,000

(Rs.)? 20,000- 7 64 |9 80
30,000
30,000~ 0 10 20 30
40,000
Above 1 0 7 8
40,000

Total 27 84 43 156

It is therefore suggested that instead of one typical solar PV system package, the

households are offered 3 different packages fitting to the basic needs of 2-room house,

3-room house and 4-room house.

Moreover, it was also seen that the current electricity consumption practices are highly

in-efficient. In this regard, it was proposed that the existing lighting fixtures, which

consume a major chunk of electricity, should be replaced with high efficiency LED

counterparts so as to reduce the total load of the PV system and hence its cost.

With these considerations, the following 3 system designs with reduced load and

hence reduced cost are presented.

SYSTEM LOAD

Package 1: 2-Room System

Description AC/DC | Base case Hours of use per Days of use per
load day week
w h/d diw
LED Tube Light AC 18.00 3.00 7
LED Tube Light AC 18.00 3.00 7
LED Bulb AC 9.00 5.00 7
LED Bulb AC 9.00 5.00 7
Ceiling Fan AC 80.00 10.00 7
Ceiling Fan AC 80.00 10.00 7
Mobile Phone Charger | AC 5.00 1.00 7
Total Number of Watts 219.00
Total Daily AC Load 1.80 kWh
Peak Annual Load 0.22 kW
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SYSTEM DESIGN

Inverter

1 kw

Battery

217 Ah (3 kWh)

Power Capacity of Selected Solar Panels

735 Watts (0.74 KW)

Efficiency of Selected Solar Panels

15.0 %

Electricity delivered to load by the selected solar panels

0.67 MWh (101.5%)

SYSTEM COST

Component Cost (PKR)
Solar Panels 73,500
Charge Controller 25,000
Battery 39,052
Inverter 14,000
Wiring 2,751
Transportation/Installation 5,000
Total 159,303
FINANCIAL VIABILITY
Pre-tax IRR - equity 19.0%
Pre-tax IRR — assets 19.0%
After-tax IRR - equity 19.0%
After-tax IRR - assets 19.0%
Simple payback 10.5 years
Equity payback 7 years
Net Present Value (NPV) (PKR) 219,744
Annual life cycle savings (PKR/Year 24,209
Benefit-Cost (B-C) ratio 2.38
GHG reduction cost (41,435)

Package 2: 3-Room System

SYSTEM LOAD

Description AC/DC | Base case Hours of use per Days of use per
load day week
w h/d diw

LED Tube Light AC 18.00 3.00 7

LED Tube Light AC 18.00 3.00 7

LED Tube Light AC 18.00 3.00 7

LED Bulb AC 9.00 5.00 7




LED Bulb AC 9.00 5.00 7
Ceiling Fan AC 80.00 10.00 7
Ceiling Fan AC 80.00 10.00 7
Ceiling Fan AC 80.00 10.00 7
Mobile Phone Charger | AC 5.00 1.00 7
Total Number of Watts 317.00

Total Daily AC Load 2.66 kWh

Peak Annual Load 0.32 kW

SYSTEM DESIGN

Inverter

1 kw

Battery

320 Ah (4 KWh)

Power Capacity of Selected Solar Panels

1040 Watts (L.04 KW)

Efficiency of Selected Solar Panels

16.2 %

Electricity delivered to load by the selected solar panels

0.97 MWh (100.4%)

SYSTEM COST

Component Cost (PKR)
Solar Panels 104,000
Charge Controller 25,000
Battery 57,549
Inverter 14,000
Wiring 3,731
Transportation/Installation 5,000
Total 209,280
FINANCIAL VIABILITY
Pre-tax IRR — equity 20.0%
Pre-tax IRR — assets 20.0%
After-tax IRR - equity 20.0%
After-tax IRR - assets 20.0%
Simple payback 9.8 years
Equity payback 6.7 years
Net Present Value (NPV) (PKR) 325,622
Annual life cycle savings (PKR/Year 35,873
Benefit-Cost (B-C) ratio 2.56
GHG reduction cost (41,664)
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SYSTEM LOAD

Package 3: 4-Room System

Description AC/DC | Base case Hours of use per Days of use per
load day week
w h/d diw

LED Tube Light AC 18.00 3.00 7

LED Tube Light AC 18.00 3.00 7

LED Tube Light AC 18.00 3.00 7

LED Tube Light AC 18.00 3.00 7

LED Bulb AC 9.00 5.00 7

LED Bulb AC 9.00 5.00 7

Ceiling Fan AC 80.00 12.00 7

Ceiling Fan AC 80.00 12.00 7

Ceiling Fan AC 80.00 12.00 7

Ceiling Fan AC 80.00 12.00 7

Mobile Phone Charger | AC 5.00 1.00 7

Total Number of Watts 415.00

Total Daily AC Load 3.51 kWh

Peak Annual Load 0.42 kW

SYSTEM DESIGN
Inverter 1 kw
Battery 422 Ah (5 kWh)

Power Capacity of Selected Solar Panels

1470 Watts (1.47 KW)

Efficiency of Selected Solar Panels

15.0 %

Electricity delivered to load by the selected solar panels

1.31 MWh (102.2%)

SYSTEM COST

Component Cost (PKR)
Solar Panels 147,000
Charge Controller 25,000
Battery 76,046
Inverter 14,000
Wiring 4,961
Transportation/Installation 5,000
Total 272,007
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FINANCIAL VIABILITY

Pre-tax IRR - equity 19.9%
Pre-tax IRR — assets 19.9%
After-tax IRR — equity 19.9%
After-tax IRR — assets 19.9%
Simple payback 9.8 years
Equity payback 6.7 years
Net Present Value (NPV) (PKR) 418,750
Annual life cycle savings (PKR/Year 46,133
Benefit-Cost (B-C) ratio 2.54
GHG reduction cost (40,548)

Summary

The proposed packages for 2-room, 3-room and 4-room solar PV home system are

summarized in the table below. These are targeted for their respective income group

however, based on their needs and financial state, the households will be free to

choose any one of the system proposed below:

SUMMARY OF PROPOSED SOLAR HOME SYSTEM DESIGNS

Package 1 Package 2 Package 3
Income 10,000 to 20, 000 Rs. 20,000 to 30,000 Rs. 30, 000 to 40, 000 Rs.
Range
Load v' 2x18W LED Tube v' 3x18W LED Tube v' 4 x18W LED Tube
Lights (3 hours/ day Lights (3 hours/ day Lights (3 hours/ day
each) each) each)
v 2x9WLEDBulbs(5 | v 2x9W LEDBulbs (5 | v 2 x9W LED Bulbs
hours/day each) hours/day each) (5 hours/day each)
v' 2x 80W Ceiling Fans | v 3 x 80W Ceiling Fans | v* 4 x 80W Ceiling
(10 hours/day each) (10 hours/day each) Fans (10 hours/day
v" 1 x 5W mobile phone | v 1 x5W mobile phone each)
charger (1 hour/day) charger (1 hour/day) | v 1 x5W mobile phone
charger (1 hour/day)
Price (Rs.) | 159,303 209,280 272,007
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Chapter 6

Microfinance Model Design

This chapter discusses the viable design of SHS Microfinance model based on the

household survey results and the designed SHS packages.
6.1.Proposed Microfinance Model

As established in the chapter on Literature review, One-Hand Implementation model
for renewable energy microfinancing is simple, less expensive and is showing
promising results in Bangladesh in the form of Grameen Shakti and IDCOL.
Therefore, it is evident that One-Hand model is currently the most appropriate model
for SHS microfinancing in Pakistan.

However, all the financial models currently being implemented under the One-hand
Implementation model, including the Grameen Shakti model, are based on interest
rate. On the other hand, during the demand assessment, the element of ‘interest rate’
in loans turned out to be a big concern among the household. Since almost all the
target clients are Muslims and Islam prohibits getting involved in businesses having
the element of interest rate in it, special care was taken design a loan which could be
accepted by the clients. Therefore, there is a need to look towards Islamic finance

instruments for designing a viable loan scheme for Pakistan.

The literature shows that Diminishing Musharakah has shown the most tremendous
growth with respect to share in Islamic finance in Pakistan. Although, it has not been
tested specifically for renewable energy micro financing, it has shown encouraging
results for financing of various other physical assets for example house, machinery
etc, Therefore, in this study, a Diminishing Musharkah model is being proposed for

renewable energy micro financing in the rural areas of Pakistan.

Diminishing Musharakah is a relatively newly developed form of Musharakah, and is
based on the concept of ‘Sharikat ul Milk’ i.e. joint ownership of an asset. According
to this concept, the lender and the borrower enter into a partnership agreement either
for ownership of a physical asset or a commercial enterprise. The share of the lender

is divided into a number of units and the borrower promises to buy these units one by
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one in a certain amount of time. In this way, the share of borrower is gradually
increased and the share of lender is gradually decreased until the borrower acquires
100% share [1].

This detailed Shariah standards on Sharikat ul Milk and Diminishing Musharakah
based on it, as per the State Bank of Pakistan’s Islamic Banking Department have

been consulted while designing the loan model [2].
6.2.Proposed Micro Loan Structure

This section details the designing and structure of the proposed micro loan for solar

home system micro financing in Pakistan.
6.2.1.Target Payment Structure

Before designing the loan structure, it is necessary to develop a target payment
structure based on the willingness and ability to pay of the local community. The
Table 64, 65 and 66 shown below show the income group wise distribution of
households with their preference of upfront payment, monthly instalment for
renewable energy Micro-Loan and monthly electricity bills.

TABLE 64: CROSS TABULATION OF MONTHLY HOUSEHOLD INCOME AND
PREFERENCE OF UPFRONT PAYMENT

How much money (Rs.) can you pay Total
upfront?
Lessthan | 6000- | 9000- | More than
6000 9000 12000 12000

How much is the total Less than 5 3 0 0 8
household monthly income | 10,000

(Rs.)? 10,000- 26 4 0 0 30
20,000

20,000- 46 33 1 0 80
30,000

30,000- 4 23 2 1 30
40,000

Above 2 0 6 0 8
40,000

Total 83 63 9 1] 156
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TABLE 65: CROSS TABULATION OF MONTHLY HOUSEHOLD

PREFERENCE OF MONTHLY PAYMENT

INCOME AND

What monthly payment (Rs.) can you afford? Total
Lessthan | Greater than Greater than More
or equal 2000 - Less 4000 - Less than
to 2000 than or equal than or equal 6000
to 4000 to 6000
How much is the Less 7 1 0 0 8
total household than
monthly income 10,000
(Rs.)? 10,000- 30 0 0 0 30
20,000
20,000- 65 15 0 0 80
30,000
30,000- 11 16 2 1 30
40,000
Above 2 1 5 0 8
40,000
Total 115 33 7 1 156

TABLE 66: CROSS TABULATION OF MONTHLY HOUSEHOLD INCOME AND MONTHLY

ELECTRICITY BILL

How much is your electricity bill per month (Rs.)? | Total
Lessthan | Greater than Greater than More
or equal 1000 -Less 3000 -Less than
to 1000 than or equal than or equal 6000
to 3000 to 6000
How much is the Less 0 2 1 5 8
total household than
monthly income 10,000
(Rs.)? 10,000- 23 7 0 0 30
20,000
20,000- 18 61 1 0 80
30,000
30,000- 0 28 2 0 30
40,000
Above 0 5 3 0 8
40,000
Total 41 103 7 5 156
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Considering these figures, the range of Target monthly instalment and upfront

payment for respective income groups was inferred as:

a) Lower income group (10,000 to 2,000 Rs. Per month)

v’ Target upfront payment: Rs. 6,000

v" Monthly bill: Rs. 1,000

v’ Preferred monthly payment: Rs. 2,000

v’ Target Monthly Installment: 3,000 Rs. Approx.
b) Medium income group (20,000 to 30,000 Rs. per month)

v’ Target upfront payment: Rs. 6,000

v" Monthly bill: Rs. 3,000

v" Preferred monthly payment: Rs. 2,000

v’ Target Installment: 5,000 Rs. Approx.
c) Higher income group (30,000 to 40,000 Rs. Per month)
v’ Target upfront payment: Rs. 9,000
v Monthly bill: Rs. 3,000
v" Preferred monthly payment: Rs. 4,000
v

Target Installment: 7,000 Rs. Approx.

6.2.2.Salient Features of Micro Loan Design

The micro loan was designed with the following specifications and features:

v

The loan has been designed based on the estimated costs of the proposed solar
home system designs elaborated in the previous chapter, i.e. Rs. 159,303 for
package 1, Rs. 209,280 for package 2 and Rs. 272,007 for package 3.

It is proposed that each client should be provided with installation and
maintenance services for the duration of loan. This will not only ensure optimal
performance of the solar home system, but will also help build a trustworthy
relationship with the client, hence making the stable loan re-payment process
smooth.

The MFI will charge a rent of Rs. 1,550, 1,750 and 1,950 per month for packagel,
package 2 and package 3 respectively, for the whole duration of loan. This rent
will include the MFIs profit as well as maintenance cost for the system estimated

at 2% of the original system cost, per year.
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v In this case study, a maximum 5 year loan period is suggested based on the
following factors.

1. Life of Solar Home System: The international case studies in solar home
system micro financing suggest that the component of solar home system
having the shortest life span should be viewed as a critical indicator for
determine the term of loan. In this case, the component having shortest life
is the battery (average 3 — 5 years), therefore, it is suggested that the loan
repayment period should not extend beyond 5 years.

2. Preference of Clients: Most of the surveyed households in the case study
area stated that they would be most comfortable with a loan period of 3
years or more.

v In most cases, the solar home system itself serves as a collateral since in case of
non-payment or other issues, the MFI can easily un-install it and cancel the
agreement.

v Loan re- payment frequency depends on the frequency of household income. In
this case, most of the target clients get monthly income, therefore the loan was
designed with monthly instalments.

v Upfront payment will be kept as 15% since most of the microfinance banks and

institutes in Pakistan and abroad currently charge atleast 15% as upfront payment.
6.2.3.Finalized Micro Loan Design

Since the target clients have different income levels and electricity needs, 3 different
solar home system packages were proposed in the previous chapter. Based on the
Diminishing Musharakah model, the loan schemes for each of the packages were

calculated using the following formulas [3, 4]:

Rental Rate=x= R

P

Monthly Installment (Rs.) = x[P-(1+x)"C]
(1+x)"-1

Where,
R = Monthly rent (Rs.)
P= Total price of solar home system (Rs.)

C= Borrower’s contribution in the partnership (Rs.)
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Total Cost of PV System (Rs.):

Down Payment (%):

Down Payment (Rs.):

Remaining Balance (Rs.):

Maintenance Cost (per year):
Monthly Rent (Rs.):

Rental Rate:
Monthly Installment (Rs.):

Package 1

159303
15
23895
135408

2% of the system cost per year

1550

0.0097299
1439.933793

LOAN STRUCTURE FOR PACKAGE 1

Month | Rent (Rs.) Monthly Total Equity Equity | Share Share
Amount | Share | Share | Installment | payment | of A of B of A of B
of A |ofB | (Rs) (Rs.) (Rs.) (Rs.) (%) (%)
159,303
0 23,895 135,408 | 15.00 85.00
1 1,550 233 1,318 | 1,440 2,990 25,568 133,735 | 16.05 83.95
2 1,550 249 1,301 | 1,440 2,990 27,257 132,046 | 17.11 82.89
3 1,550 265 1,285 | 1,440 2,990 28,962 130,341 | 18.18 81.82
4 1,550 282 1,268 | 1,440 2,990 30,683 128,620 | 19.26 80.74
5 1,550 299 1,251 | 1,440 2,990 32,422 126,881 | 20.35 79.65
6 1,550 315 1,235 | 1,440 2,990 34,177 125,126 | 21.45 78.55
7 1,550 333 1,217 | 1,440 2,990 35,950 123,353 | 22.57 77.43
8 1,550 350 1,200 | 1,440 2,990 37,740 121,563 | 23.69 76.31
9 1,550 367 1,183 | 1,440 2,990 39,547 119,756 | 24.82 75.18
10 1,550 385 1,165 | 1,440 2,990 41,371 117,932 | 25.97 74.03
11 1,550 403 1,147 | 1,440 2,990 43,214 116,089 | 27.13 72.87
12 1,550 420 1,130 | 1,440 2,990 45,074 114,229 | 28.29 71.71
13 1,550 439 1,111 | 1,440 2,990 46,953 112,350 | 29.47 70.53
14 1,550 457 1,093 | 1,440 2,990 48,850 110,453 | 30.66 69.34
15 1,550 475 1,075 | 1,440 2,990 50,765 108,538 | 31.87 68.13
16 1,550 494 1,056 | 1,440 2,990 52,699 106,604 | 33.08 66.92
17 1,550 513 1,037 | 1,440 2,990 54,651 104,652 | 34.31 65.69
18 1,550 532 1,018 | 1,440 2,990 56,623 102,680 | 35.54 64.46
19 1,550 551 999 1,440 2,990 58,614 100,689 | 36.79 63.21
20 1,550 570 980 1,440 2,990 60,624 | 98,679 | 38.06 61.94
21 1,550 590 960 1,440 2,990 62,654 | 96,649 | 39.33 60.67
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22 1,550 610 940 1,440 2,990 64,703 94,600 | 40.62 59.38
23 1,550 630 920 1,440 2,990 66,773 92,530 | 41.92 58.08
24 1,550 650 900 1,440 2,990 68,863 90,440 | 43.23 56.77
25 1,550 670 880 1,440 2,990 70,973 88,330 | 44.55 55.45
26 1,550 691 859 1,440 2,990 73,103 86,200 | 45.89 54.11
27 1,550 711 839 1,440 2,990 75,254 84,049 | 47.24 52.76
28 1,550 732 818 1,440 2,990 77,426 81,877 | 48.60 51.40
29 1,550 753 797 1,440 2,990 79,620 79,683 | 49.98 50.02
30 1,550 775 775 1,440 2,990 81,834 77,469 | 51.37 48.63
31 1,550 796 754 1,440 2,990 84,070 75,233 | 52.77 47.23
32 1,550 818 732 1,440 2,990 86,328 72,975 | 54.19 45.81
33 1,550 840 710 1,440 2,990 88,608 70,695 | 55.62 44.38
34 1,550 862 688 1,440 2,990 90,910 68,393 | 57.07 42.93
35 1,550 885 665 1,440 2,990 93,235 66,068 | 58.53 41.47
36 1,550 907 643 1,440 2,990 95,582 63,721 | 60.00 40.00
37 1,550 930 620 1,440 2,990 97,952 61,351 | 61.49 38.51
38 1,550 953 597 1,440 2,990 100,345 | 58,958 | 62.99 37.01
39 1,550 976 574 1,440 2,990 102,761 | 56,542 | 64.51 35.49
40 1,550 1,000 | 550 1,440 2,990 105,201 | 54,102 | 66.04 33.96
41 1,550 1,024 | 526 1,440 2,990 107,664 | 51,639 | 67.58 32.42
42 1,550 1,048 | 502 1,440 2,990 110,152 | 49,151 | 69.15 30.85
43 1,550 1,072 | 478 1,440 2,990 112,664 | 46,639 | 70.72 29.28
44 1,550 1,096 | 454 1,440 2,990 115,200 | 44,103 | 72.31 27.69
45 1,550 1,121 | 429 1,440 2,990 117,761 | 41,542 | 73.92 26.08
46 1,550 1,146 | 404 1,440 2,990 120,346 | 38,957 | 75.55 24.45
47 1,550 1,171 | 379 1,440 2,990 122,957 | 36,346 | 77.18 22.82
48 1,550 1,196 | 354 1,440 2,990 125,594 | 33,709 | 78.84 21.16
49 1,550 1,222 | 328 1,440 2,990 128,256 | 31,047 | 80.51 19.49
50 1,550 1,248 | 302 1,440 2,990 130,943 | 28,360 | 82.20 17.80
51 1,550 1,274 | 276 1,440 2,990 133,657 | 25,646 | 83.90 16.10
52 1,550 1,300 | 250 1,440 2,990 136,398 | 22,905 | 85.62 14.38
53 1,550 1,327 | 223 1,440 2,990 139,165 | 20,138 | 87.36 12.64
54 1,550 1,354 | 196 1,440 2,990 141,959 | 17,344 | 89.11 10.89
55 1,550 1,381 | 169 1,440 2,990 144,780 | 14,523 | 90.88 9.12

56 1,550 1,409 | 141 1,440 2,990 147,629 | 11,674 | 92.67 7.33

57 1,550 1,436 | 114 1,440 2,990 150,505 | 8,798 94.48 5.52

58 1,550 1,464 | 86 1,440 2,990 153,409 | 5,894 96.30 3.70

59 1,550 1,493 | 57 1,440 2,990 156,342 | 2,961 98.14 1.86

60 1,550 1,521 | 29 1,440 2,990 159,303 | O 100.00 | 0.00
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A= Borrower; B= MFI

Rental Division: A: (15/100) x 1,550= Rs. 233; B: (85/100) x 1,550=Rs. 1,318
Total Payment made to the MFI (Rs.) = 179,396

Maintenance cost @2% of the system cost (Rs.) = 15,930 for the whole loan duration

Profit to the MFI (Rs.) = 179,396-151,338-15,930= 28,058

Package 2
Total Cost of PV System (Rs.): 209,280
Down Payment (%): 15
Down Payment (Rs.): 31392
Remaining Balance (Rs.): 177888
Maintenance Cost (per year): 2% of the system cost per year
Monthly Rent (Rs.): 1750
Rental Rate: 0.0083620
Monthly Installment (Rs.): 2032.606283

LOAN STRUCTURE FOR PACKAGE 2

Month | Rent (Rs.) Monthly Total Equity | Equity Share Share
Amount | Share | Share | Installment | payment | of A of B of A of B
of A | of B (Rs) (Rs.) (Rs.) (Rs.) (%) (%)
209,280
0 31,392 177,888 | 15.00 85.00
1 1,750 263 1,488 | 2,033 3,783 33,687 175,593 | 16.10 83.90
2 1,750 282 1,468 | 2,033 3,783 36,001 173,279 | 17.20 82.80
3 1,750 301 1,449 | 2,033 3,783 38,335 170,945 | 18.32 81.68
4 1,750 321 1,429 | 2,033 3,783 40,688 168,592 | 19.44 80.56
5 1,750 340 1,410 | 2,033 3,783 43,061 166,219 | 20.58 79.42
6 1,750 360 1,390 | 2,033 3,783 45,454 163,826 | 21.72 78.28
7 1,750 380 1,370 | 2,033 3,783 47,866 161,414 | 22.87 77.13
8 1,750 400 1,350 | 2,033 3,783 50,299 | 158,981 | 24.03 75.97
9 1,750 421 1,329 | 2,033 3,783 52,753 156,527 | 25.21 74.79
10 1,750 441 1,309 | 2,033 3,783 55,226 | 154,054 | 26.39 73.61
11 1,750 462 1,288 | 2,033 3,783 57,721 151,559 | 27.58 72.42
12 1,750 483 1,267 | 2,033 3,783 60,236 149,044 | 28.78 71.22
13 1,750 504 1,246 | 2,033 3,783 62,772 146,508 | 29.99 70.01
14 1,750 525 1,225 | 2,033 3,783 65,330 | 143,950 | 31.22 68.78
15 1,750 546 1,204 | 2,033 3,783 67,909 | 141,371 | 32.45 67.55
16 1,750 568 1,182 | 2,033 3,783 70,509 138,771 | 33.69 66.31
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17 1,750 590 1,160 | 2,033 3,783 73,131 | 136,149 | 34.94 65.06
18 1,750 612 1,138 | 2,033 3,783 75,775 | 133,505 | 36.21 63.79
19 1,750 634 1,116 | 2,033 3,783 78,442 | 130,838 | 37.48 62.52
20 1,750 656 1,094 | 2,033 3,783 81,130 | 128,150 | 38.77 61.23
21 1,750 678 1,072 | 2,033 3,783 83,841 | 125,439 | 40.06 59.94
22 1,750 701 1,049 | 2,033 3,783 86,575 | 122,705 | 41.37 58.63
23 1,750 724 1,026 | 2,033 3,783 89,331 | 119,949 | 42.69 57.31
24 1,750 747 1,003 | 2,033 3,783 92,111 | 117,169 | 44.01 55.99
25 1,750 770 980 2,033 3,783 94,914 | 114,366 | 45.35 54.65
26 1,750 794 956 2,033 3,783 97,740 | 111,540 | 46.70 53.30
27 1,750 817 933 2,033 3,783 100,590 | 108,690 | 48.06 51.94
28 1,750 841 909 2,033 3,783 103,464 | 105,816 | 49.44 50.56
29 1,750 865 885 2,033 3,783 106,362 | 102,918 | 50.82 49.18
30 1,750 889 861 2,033 3,783 109,284 | 99,996 52.22 47.78
31 1,750 914 836 2,033 3,783 112,230 | 97,050 53.63 46.37
32 1,750 938 812 2,033 3,783 115,201 | 94,079 55.05 44.95
33 1,750 963 787 2,033 3,783 118,197 | 91,083 56.48 43.52
34 1,750 988 762 2,033 3,783 121,218 | 88,062 57.92 42.08
35 1,750 1,014 | 736 2,033 3,783 124,264 | 85,016 59.38 40.62
36 1,750 1,039 | 711 2,033 3,783 127,336 | 81,944 60.84 39.16
37 1,750 1,065 | 685 2,033 3,783 130,433 | 78,847 62.32 37.68
38 1,750 1,091 | 659 2,033 3,783 133,557 | 75,723 63.82 36.18
39 1,750 1,117 | 633 2,033 3,783 136,706 | 72,574 65.32 34.68
40 1,750 1,143 | 607 2,033 3,783 139,882 | 69,398 66.84 33.16
41 1,750 1,170 | 580 2,033 3,783 143,084 | 66,196 68.37 31.63
42 1,750 1,196 | 554 2,033 3,783 146,313 | 62,967 69.91 30.09
43 1,750 1,223 | 527 2,033 3,783 149,569 | 59,711 71.47 28.53
44 1,750 1,251 | 499 2,033 3,783 152,852 | 56,428 73.04 26.96
45 1,750 1,278 | 472 2,033 3,783 156,163 | 53,117 74.62 25.38
46 1,750 1,306 | 444 2,033 3,783 159,502 | 49,778 76.21 23.79
47 1,750 1,334 | 416 2,033 3,783 162,868 | 46,412 77.82 22.18
48 1,750 1,362 | 388 2,033 3,783 166,263 | 43,017 79.45 20.55
49 1,750 1,390 | 360 2,033 3,783 169,685 | 39,595 81.08 18.92
50 1,750 1,419 | 331 2,033 3,783 173,137 | 36,143 82.73 17.27
51 1,750 1,448 | 302 2,033 3,783 176,617 | 32,663 84.39 15.61
52 1,750 1,477 | 273 2,033 3,783 180,127 | 29,153 86.07 13.93
53 1,750 1,506 | 244 2,033 3,783 183,666 | 25,614 87.76 12.24
54 1,750 1,536 | 214 2,033 3,783 187,234 | 22,046 89.47 10.53
55 1,750 1,566 | 184 2,033 3,783 190,832 | 18,448 91.19 8.81
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56 1,750 1,596 | 154 2,033 3,783 194,461 | 14,819 92.92 7.08
57 1,750 1,626 | 124 | 2,033 3,783 198,119 | 11,161 | 9467 | 5.33
58 1,750 1,657 | 93 2,033 3,783 201,809 | 7,471 96.43 | 3.57
59 1,750 1,688 | 62 2,033 3,783 205,529 | 3,751 98.21 | 1.79
60 1,750 1,719 | 31 2,033 3,783 209,280 | 0 100.00 | 0.00
A= Borrower; B= MFI
Rental Division: A: (15/100) x 1,750= Rs. 263; B: (85/100) x 1,750= Rs. 1,488
Total Payment made to the MFI (Rs.) = 226,956
Maintenance cost @2% of the system cost (Rs.) = 20,928 for the whole loan duration
Profit to the MFI (Rs.) = 226,956 - 198,816-20,928= 28,140
Package 3
Total Cost of PV System (Rs.): 272,007
Down Payment (%): 15
Down Payment (Rs.): 40801
Remaining Balance (Rs.): 231206
Maintenance Cost (per year): 2% of the system cost per year
Monthly Rent (Rs.): 1950
Rental Rate: 0.0071689
Monthly Installment (Rs.): 2804.998676
LOAN STRUCTURE FOR PACKAGE 3
Month | Rent (Rs.) Monthly Total Equity | Equity Share Share
Amount | Share | Share | Installment | payment | of A of B of A of B
of A |ofB | (Rs) (Rs.) (Rs.) (Rs.) (%) (%)
272,007
0 40,801 | 231,206 | 15.00 | 85.00
1 1,950 293 | 1,658 | 2,805 4,755 43,899 | 228,108 | 16.14 | 83.86
2 1,950 315 | 1,635 | 2,805 4,755 47,018 | 224,989 |17.29 | 8271
3 1,950 337 | 1,613 | 2,805 4,755 50,160 | 221,847 | 18.44 | 8156
4 1,950 360 | 1,590 | 2,805 4,755 53,325 | 218,682 | 19.60 | 80.40
5 1,950 382 | 1,568 | 2,805 4,755 56,512 | 215,495 | 20.78 | 79.22
6 1,950 405 | 1,545 | 2,805 4,755 59,722 | 212,285 |21.96 | 78.04
7 1,950 428 | 1,522 | 2,805 4,755 62,955 | 209,052 |23.14 | 76.86
8 1,950 451 | 1,499 | 2,805 4,755 66,212 | 205,795 | 24.34 | 75.66
9 1,950 475 | 1,475 | 2,805 4,755 69,491 | 202,516 | 2555 | 74.45
10 1,950 498 | 1,452 | 2,805 4,755 72,795 | 199,212 | 26.76 | 73.24
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11 1,950 522 1,428 | 2,805 4,755 76,121 | 195,886 | 27.99 72.01
12 1,950 546 1,404 | 2,805 4,755 79,472 | 192,535 | 29.22 70.78
13 1,950 570 1,380 | 2,805 4,755 82,847 | 189,160 | 30.46 69.54
14 1,950 594 1,356 | 2,805 4,755 86,246 | 185,761 | 31.71 68.29
15 1,950 618 1,332 | 2,805 4,755 89,669 | 182,338 | 32.97 67.03
16 1,950 643 1,307 | 2,805 4,755 93,117 | 178,890 | 34.23 65.77
17 1,950 668 1,282 | 2,805 4,755 96,590 | 175,417 | 35.51 64.49
18 1,950 692 1,258 | 2,805 4,755 100,087 | 171,920 | 36.80 63.20
19 1,950 718 1,232 | 2,805 4,755 103,609 | 168,398 | 38.09 61.91
20 1,950 743 1,207 | 2,805 4,755 107,157 | 164,850 | 39.40 60.60
21 1,950 768 1,182 | 2,805 4,755 110,730 | 161,277 | 40.71 59.29
22 1,950 794 1,156 | 2,805 4,755 114,329 | 157,678 | 42.03 57.97
23 1,950 820 1,130 | 2,805 4,755 117,954 | 154,053 | 43.36 56.64
24 1,950 846 1,104 | 2,805 4,755 121,604 | 150,403 | 44.71 55.29
25 1,950 872 1,078 | 2,805 4,755 125,281 | 146,726 | 46.06 53.94
26 1,950 898 1,052 | 2,805 4,755 128,984 | 143,023 | 47.42 52.58
27 1,950 925 1,025 | 2,805 4,755 132,714 | 139,293 | 48.79 51.21
28 1,950 951 999 2,805 4,755 136,470 | 135,537 | 50.17 49.83
29 1,950 978 972 2,805 4,755 140,254 | 131,753 | 51.56 48.44
30 1,950 1,005 | 945 2,805 4,755 144,064 | 127,943 | 52.96 47.04
31 1,950 1,033 | 917 2,805 4,755 147,902 | 124,105 | 54.37 45.63
32 1,950 1,060 | 890 2,805 4,755 151,767 | 120,240 | 55.80 44.20
33 1,950 1,088 | 862 2,805 4,755 155,660 | 116,347 | 57.23 42.77
34 1,950 1,116 | 834 2,805 4,755 159,581 | 112,426 | 58.67 41.33
35 1,950 1,144 | 806 2,805 4,755 163,530 | 108,477 | 60.12 39.88
36 1,950 1,172 | 778 2,805 4,755 167,508 | 104,499 | 61.58 38.42
37 1,950 1,201 | 749 2,805 4,755 171,514 | 100,493 | 63.05 36.95
38 1,950 1,230 | 720 2,805 4,755 175,548 | 96,459 64.54 35.46
39 1,950 1,258 | 692 2,805 4,755 179,612 | 92,395 66.03 33.97
40 1,950 1,288 | 662 2,805 4,755 183,704 | 88,303 67.54 32.46
41 1,950 1,317 | 633 2,805 4,755 187,826 | 84,181 69.05 30.95
42 1,950 1,347 | 603 2,805 4,755 191,978 | 80,029 70.58 29.42
43 1,950 1,376 | 574 2,805 4,755 196,159 | 75,848 72.12 27.88
44 1,950 1,406 | 544 2,805 4,755 200,370 | 71,637 73.66 26.34
45 1,950 1,436 | 514 2,805 4,755 204,612 | 67,395 75.22 24.78
46 1,950 1,467 | 483 2,805 4,755 208,884 | 63,123 76.79 23.21
47 1,950 1,497 | 453 2,805 4,755 213,186 | 58,821 78.38 21.62
48 1,950 1,528 | 422 2,805 4,755 217,519 | 54,488 79.97 20.03
49 1,950 1,559 | 391 2,805 4,755 221,884 | 50,123 81.57 18.43
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50 1,950 1,591 | 359 2,805 4,755 226,279 | 45,728 83.19 16.81
51 1,950 1,622 | 328 2,805 4,755 230,707 | 41,300 84.82 15.18
52 1,950 1,654 | 296 2,805 4,755 235,165 | 36,842 86.46 13.54
53 1,950 1,686 | 264 2,805 4,755 239,656 | 32,351 88.11 11.89
54 1,950 1,718 | 232 2,805 4,755 244,179 | 27,828 89.77 10.23
55 1,950 1,751 | 199 2,805 4,755 248,735 | 23,272 91.44 8.56
56 1,950 1,783 | 167 2,805 4,755 253,323 | 18,684 93.13 6.87
57 1,950 1,816 | 134 2,805 4,755 257,944 | 14,063 94.83 5.17
58 1,950 1,849 | 101 2,805 4,755 262,598 | 9,409 96.54 3.46
59 1,950 1,883 | 67 2,805 4,755 267,286 | 4,721 98.26 1.74
60 1,950 1,916 | 34 2,805 4,755 272,007 | (0) 100.00 | 0.00

A= Borrower; B= MFI

Rental Division: A: (15/100) x 1,950= Rs. 293; B: (85/100) x 1,950= Rs. 1,658
Total Payment made to the MFI (Rs.) = 285,300

Maintenance cost @2% of the system cost (Rs.) = 27,201 for the whole loan duration

Profit to the MFI (Rs.) = 285,300 - 258,407 - 27,201= 26,893

6.3. Replicability of the Proposed Model

Although, this model has been specifically proposed considering the needs and
affordability of the households in case study village, it can be adapted for
implementation in all on-grid rural and urban areas of Pakistan. In fact, it is expected
that the 2-room, 3-room and 4-room PV systems and the associated microfinance
packages will prove to be more affordable and attractive for urban population as their
monthly income and electricity bill is significantly higher than the rural population.
Moreover, the same model can also be used for other renewable energy technology

products like solar stoves, biogas plants etc.
Summary

The proposed micro loan packages for the 2-room, 3-room and 4-room PV system

designs, based on the concept of Diminishing Musharakah are summarized below:

SUMMARY OF PROPOSED MICROFINANCE MODELS

Package 1 Package 2 Package 3
Income Range (Rs.) 10,000 to 20, 000 | 20,000 to 30,000 | 30, 000 to 40, 000
PV System Price (Rs.) 159,303 209,280 272,007
Total Payment Made to the 179,396 226,956 285,300
Lender (Rs.)

101




Upfront Payment (Rs.) 23,895 31,392 40,801
Monthly Payment (Rs.) 2,990 3,783 4,755
Duration of Loan (months) 60 60 60
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Chapter 7

Conclusion and Recommendations

This chapter outlines the major conclusions of this study and recommends approaches

for further work and improvement in the field of renewable energy micro financing in

Pakistan.

7.1.Conclusion

Based on the results and analysis of the primary and secondary research conducted

within the scope of this study, it can be concluded that:

v

Majority of the households in the case study village are willing to take micro-
loans for switching to renewable energy technologies.

Most of households have reservations about the element of interest-rate in
conventional microfinance and would prefer if the proposed micro-loan is
based on Islamic principles.

The locally available resources and the preferences of the survey respondents,
indicate that solar home system is the most feasible renewable energy
technology for the households.

The village households have varied electricity requirements depending upon
the number of residents, number of rooms and electricity consumption
behaviors. Therefore one specific solar home system design cannot cater to
the electricity needs of all the households.

The village households vary in terms of their ability of pay and the majority
of them fall into 3 distinct income groups; lower income households with Rs.
10,000 to 20,000 income per month, middle income households with Rs.
20,000 to 30,000 per month and higher income households with Rs, 30,000 to
40,000 per month. Therefore one specific micro-loan structure cannot cater of
the needs of the whole population.

Majority of the lower income households live in a 2-room house, most of the
middle income households have 3-rooms in their house while almost all of the

higher income households reported 4 or more rooms in their house.
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v

The best possible solution is therefore to offer 3 different solar home system
packages for 2-room, 3-room and 4-room houses, targeted for lower, middle
and higher income households respectively. The summary of the packages
designed in this study is:

SUMMARY OF PROPOSED SOLAR HOME SYSTEM DESIGNS

Package 1 Package 2 Package 3
Income 10,000 to 20, 000 Rs. 20,000 to 30,000 Rs. 30, 000 to 40, 000 Rs.
Range
Load v’ 2 x18W LED Tube | vv 3 x18W LED Tube | v 4 x18W LED Tube
Lights (3 hours/ day Lights (3 hours/ day Lights (3 hours/ day
each) each) each)
v 2X9WLEDBulbs(5 | v 2x9W LEDBulbs (5 | v7 2 x 9W LED Bulbs (5
hours/day each) hours/day each) hours/day each)
v' 2x 80W Ceiling Fans | v 3 x 80W Ceiling Fans | v 4 x 80W Ceiling Fans
(10 hours/day each) (10 hours/day each) (20 hours/day each)
v' 1 x 5W mobile phone | v 1 x 5W mobile phone | v 1 x 5W mobile phone
charger (1 hour/day) charger (1 hour/day) charger (1 hour/day)
Price 159,303 209,280 272,007
(Rs.)
v Considering the simplicity and success rate of One-Hand Model, it can be

inferred that One-Hand model is most appropriate implementation model for
SHS microfinancing in Pakistan.

Diminishing Musharakah currently holds the largest share in Islamic finance
industry of Pakistan, therefore an interest-free renewable energy microfinance
model established on the Islamic finance concept of Diminishing Musharakah
would be the most viable financial model for implementation in Pakistan.
The upfront cost remains a big issue in the micro-loan designing since the
target customers do not have the means to pay high upfront costs while on the
other hand, designing a loan with low upfront cost considerably enhances the
risk for MFls.

A summary of proposed SHS micro-loan structure for each of the 3 solar home
systems packages, based on Diminishing Musharakah Model with One-Hand

Implementation, is shown:
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SUMMARY OF PROPOSED MICROFINANCE MODEL DESIGNS

Package 1 Package 2 Package 3
Income Range (Rs.) 10,000 to 20, 000 | 20,000 to 30,000 | 30, 000 to 40, 000
PV System Price (Rs.) 159,303 209,280 272,007
Total Payment Made to the 179,396 226,956 285,300
Lender (Rs.)
Upfront Payment (Rs.) 23,895 31,392 40,801
Monthly Payment (Rs.) 2,990 3,783 4,755
Duration of Loan (months) 60 60 60

7.2.Recommendations

Considering the conclusions of this study, specially the issue of upfront cost, it is
recommended that the Government of Pakistan (GoP) takes steps to encourage the

promotion of renewable energy micro financing in Pakistan.

One of the possible approaches is to initiate a scheme on the lines of the ‘Prime
Minister’s Youth Business Loans’ schemes, where the government incentivizes the
borrowers by offering them access to bank loans with only 8% interest rates, while

the government itself pays the remaining 7% interest rate and all other charges.

On the same lines, it is recommended that for SHS microfinancing, the upfront
payment for borrows be reduced to 3% instead of 15% while the GoP launches a
scheme where it offers to pay the remaining 12% upfront cost to the bank as subsidy.
This will not only reduce the upfront payment for borrower to an affordable level, but
will also enhance the commercial attractiveness of the scheme due to backing from

the Government.

Moreover, in order to mitigate the high risks of MFIs due to risk of non-payment, it is
suggested that the regional electricity distribution company (DISCO), which is IESCO
in this case, be involved in the monthly payment process. The inclusion of monthly
loan instalment in the electricity bills of the households will enhance the rate of
recovery and hence the risk of default will be decreased. The DISCO will charge a
fixed rate, i.e. Rs. 50 per month, from the MFI for providing the service of payment

collection.

A pictorial representation of the recommended SHS micro financing model for

Pakistan is shown in Figure 29.
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FIGURE 29: RECOMMENDED SHS MICRO FINANCING MODEL FOR PAKISTAN

A summary of the recommended micro loan payment structures with government
subsidy for 3 solar home system packages proposed in this study are summarized
below. The detailed calculations can be found in Annex II.

COMPARISON OF MICRO-LOAN STRUCTURE WITH AND WITHOUT
SUBSIDY

Package 1 Package 2 Package 3
Income Range (Rs.) 10,000 to 20, 20,000 to 30, 000 to 40,
000 30,000 000
PV System Price (Rs.) 159,303 209,280 272,007
Monthly Payment (Rs.) 2,990 3,783 4,755
Duration of Loan (months) 60 60 60
Without Subsidy
Upfront Payment (Rs.) 23,895 31,392 40,801
With Subsidy
Total Upfront Payment (Rs.) 23,895 31,392 40,801
Upfront Payment (Rs.) to be made by 19,116 25,114 32,641
GoP
Upfront Payment (Rs.) to be made by 4,779 6,278 8,160
Borrower

If presented in context with the potential greenhouse gas emissions savings, the
government subsidy approach recommended in this study can also be eligible for

funding through Clean Development Mechanism.

Moreover, offering this kind of scheme for renewable energy micro financing will

bring several positive impacts on Pakistan’s economy:
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v' Firstly, the mass adoption of decentralized renewable energy technologies,
especially solar home system, will reduce the load on Pakistan’s national grid.

v It will enhance Pakistan’s energy self-dependency by reducing the need of
importing fossil fuels for power generation.

v It will significantly increase the share of renewable energy in Pakistan’s

energy mix and will decrease the country’s greenhouse gas emissions.
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Annexes

Annex I: Household Survey Questionnaire

Renewable Encrgy Micro-¥ ag in Ruval £ of # lPawcloM
Household Survey Questionnaire
Location: Village Jajja. LI'C Manghot, Tehisil Gupar Khaa, Destrict Rawalpinds Questionnaive Number:

Good morning afternoon. My nome is Warda Ajaz. 1 am coming on behall of Naviowal Universiny of Sciences and
Techmology (NUST), 1 am carvently conducring a sumvev ro assess the feasitbiliry of micro financing aof venewable
energy prajects in ruval areas, I order 1o reconnnend the passiblitties ond necessipy of lendirg mechontsms. The
informarion will be used for preparing o demand assessment report enly and the particulars of the respondents will nor

be made public
STREET ADDRESS: W 3
NAME OF THE RESPONDENT: POSITION OF RESPONDENT IN HOUSEHOLD:
EEICPERNTEN Gla g R Setuds
i.  Head =
TN . " Sponse
FEONENUREE palggh | Onhiey (Please specity relation 1o the household head
» and age).

NUMBER & AGE OF RESIDENTS EDUCATION OF RESIDENTS | EMPLOYMENT STAILS
2 oy Sl S s 48 p S s 48 Caln S i ke
1. Number: 2. Male: 3. Female: 5. Classify mumber of residents 6. Classify munber of
P e - necording to aducation kvel residents accordmg to
— - o JELIPN - FU S S S enployimens stanis
A dams S 3 ol S S S
4 Age | 4 Nliterase: il _¢5 ’ﬁf-:-")‘:‘ =
1 Lf\: ‘lhau ISyears [ v More than 50 1:: mmlzol | i Employed: i
-2 895 ] cl v D\, Higler Secondary Sebool | 1, Un enployed -
Bl 26-50 years ] v. Univessity- T |iii. Sclfemployed:
v Other(Please specify)
THOUSEHOLD INCOME e
17 What is the maun sowrce of Income? 8. Do you do any meome 2encratme | 9. Whsat 1s the frequency of
T 213 S ) e actvity at home? meote?
L Regular employnient (steady incomie)[] T 55 Jug S A e S Wl S Tt Py e i)
it Trade (] L Ys g | b Dy o |
it Agnculture and or livestock (| ii. Na o | Weekly |
v, Services O . Moy (|
v Incustry O v, Seasonal O
vi Onhers (Please specifyk: Onhier(Please
specify):
110, How much 1s the total honsehold monthly income (Rs.): | 11, How much mowey (Rs ) 15 spent for your rowtme
T A i dale byt S pgf montly expenses?
1 Less than 10,000« C o Spgahpdy S y ) S ok dal _S &
i 10,000 - 20,000 /« = L Less 10.000/- o
i 20,000 -« 30,0000 (] u, 10,000 - 20,000 /- (-
v, 30,000 — 40,000/~ (- i 20,000 - 30,000~ O
v. Above 40,000/ O v, 30000 - 40,000/ O
V. Above 40,0000~ O
BASIC LIVING CONDITIONS s
{12 Do you get enough food for 13, What 5 the owpership stans of | 14 How nsany roous are there in the
fooly? the house you currently reside m: house vou cugrently reside i
G S ) S S S AGIE | DL S e e S e oS e e s e S
T e o By S Y
L Yes [} L COvwmed property O (| | &3 |
it No 3 | o Fauuly property (| w2 (o=
1), Reutal property =1 w3 (|
v Other(Please specify): v, 4ormore O
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Reneweble Enerygy Micvo-Flunmeing fir Rurad Communities of Pokistan I Page2ofb

HOUSEHOLD FINANCIAL STTUATION

TN

15, What nmong the following 15 preseat in the house?

i Landiown business premises O
it.  House =
. Catrle a
iv.  Car'tmuck/tractor O
V. Mototbike (]
wn Oyl IR |
vit.  Production tools and equipmenst O
ik Raclio o

LR PR R e

x TV

X Refngerator

xi. Landlme telephorse
xii.  Mobile phone
xist Savigs ot home
xiv Savings st bank

xv.  Oxher (Please specify)

0oopooo

i Increased 0
no Sved constant (o |
i Decrensed O

v, Changed i other ways (Plesse specify):

16. Dunng the Iasz 12 months, what has been the starus of your fanuly meome”?

Tt S a5l S e e VY ey |

1A S S Ty ol g e
1. Bomowed money at no cost cb
. Bomowed money with meeres:

17, 1f your meome decreased or gof affected peganvely, whiat dd you do 10 overconse the sition”
»-acw‘ 15 - L FUEVISY LT RS Qo g g W 5 T

Migration of a famuly metnber for employment [
\1. Sold productive business equipment a

i, Other(Please specify):

e Bonowed edible stems D Vi o fannly member 201 new emploviment O
v Sold real estate 3 v, Other(Please specify)
IS, Have you ever sought loan? ol =l e SIS
. Yes O
i No =
LOAN INFORMATION (Apphies only if the answer to Question # 18 was "Yes')
g S e A
19. Where dad you get the foan from? L ey
1. Inunediate Relative (Relaton: ) (=}
ii.  Distant Relative  (Relation: ) -
i, losnumonBank  (Nawe. 5 (-]
v, Fremd O
v Other (Please specily)
20. What was the parpose of secking Joan? 21, Upto whach amouns (Rs.) was’is you total Joan?
T S e S ) o Tl B S e
1 Constuption (apphnnces, food. etc.) () i Less than 25.000 O
W Busmess O 1t 25.000 — 50,000 O
i Education | T 51.000- 100000 (-
1w Henth reasons (=] w Abave 100,000 [a=]
v.  Unexpected events ()

22, Do you have a loan af the motoent?

23 Ives, how el (R 7 ¥ o A2 A, S el oo &

folpUoadae s g i Less than 23,000 (|

L Yes () it 25,000 - 50000 (|

ii. No OO | i $1.000- 100.000 (]
v Above 100.000 ()

24, Bemg o male’ Female. is it solely your responstbality to | 25 If po. then who 15 responsible for yme binck the loan?
pay back thie koan? S el S8 Sosd g B
T demd Sd Sl S e Wi _S Sy falimls ' Malde Members (=}
1. Yes | it Femak Members (=

W No [ |t Shared Responsibiliry [ |
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26. Ase you faceng problems 1o pay ir back?

L Yes
it No

=
(-]

If ves, please specify

T s 6 e SIS d £ IS

AGRICULTURE (Applies ondy if the bousehold s wvolved m agneanlmual activines ) -yl
27, Whar 15 the ownersiup stans of your agncultural kand”! 28, What 1s the area of your agnicaltural land”
o lcep Sl S o) A o S e ) S
Lo Owner (= 1 Lessthan | acre (=]
it Tenant (=] i 1 acres — 5 acres (=]
i, Lesswe (=] i, §acres - 10 acres (]
v Faauily propesty (=) w.  Abave 10 acres (=]
v.  Government Innd (]
Vi Other(Please specify)
29, Whint 14 the total area tmder cultivanon? 30, Which crops do you cultivate?
A P fow S A SE L e
i Less than | acre (] 1. Wheat (]
i lacses— S acres O o. Barley (]
i 5 acres - 10 xres (| . Maize (|
v, Above 10 actes () . Milless (-}
v. Pulses (.
vi. Vegetables and fiuits (=)
vit. Othert Please specify):

31 What 15 the approxatmate gquantity of crops residae from

your crops?
Sy Jlden S L iy iy Sl e gl S
=

32 What do you do to crops residie”

fop S AAS L Iy el dhal S
1 Bugn 1t O
. Useir for -
m. Sellit (=
v, Othess (Please specify):

33 From where do you get water for ngricultare?

Tt 35 Sl e S S o S5 e
i Prvate well (.|
i Commmmiry well (|
i Hand pumgp (]
. Tube well (]
v Onher{Please specily)

35, Have you had any change in production compared to fast season?

34. Did the market price change during the last two years?
Tt e A e i g P S S b e e ¥ g S

i Yes it increased o)
n Yes, it decreased O
m. No (]
v,  Don't know 0

o A S S e e e S e S S

i Yes. it increased O

i Yes, of decreased (o

ii.  No O

v Don't know O
"LIVESTOCK (Apptics only if the bousebold is mvolved in livestosk activities) T

36 What ammals do yon have” Please specify the mumber of
cach
-cﬁkiﬁéduk»-‘ﬁwuérc-aﬁu&SJ
)

L Cows {

i Goats ( ] .
i Chicken { ) (|
. Other(Please specafy).

37 Do you get additional income from livestock?
Rt e e P ST ﬁElﬁ

=]

1 Yes
1l No

Xiv
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38, If you get additional mcome from hivestock, please 39 How nmch do you cam (Rs. ) per moath from
specify bow? livestock?
";—ﬁr-:‘.ﬂr&daeﬂai—dc-umrﬁ#ﬂ Y;-J)-J-“.'ﬂ-‘ﬂ%uu«rﬁa)

1 Sellmg ammals L Lessthan 2, O

1 Sellmg ammal products (e.g. ezes, milk etc | D n 2,000 - 4000 0
til. OtheriPlease speaify) e 4,000 - 6.000 o |
w Aboye 6000 0

A0, What 15 the spproximate quantiry of livestock waste from

your anamals?

oGy B ) ey S

4L What do you do to livestock waste”?
Ton A S uf g g g o O
1 Use it for (]
1 Sell it (o=}
m Others (Please specify): O

ENERGY CONSUMPTION

E= T

42 Whih energy sources do you know of?

q-’)e“ﬂ.ﬁéﬂﬂw‘ T I g M) e e 3 S RS
1 Electnicaty 3 vin. Solar 1. Electncaty 3 v Solar - |
it Nanwal gas [0 = Hydio D 1. Narual gas (-} ix. Hydro 0
ui, Kerosene ol [ x Biomass | m Kerosene ol X Bomass O
iv. Liquefied Petrolenm Gas xi. Othen(Please iv. Liquefied Petrolenm Gas xi. Onher(Please specify):
(LPG) O specifyy (LPG) (|
v. Fire wood (=] v. Fire wood (=]
vt Dung [ vi. Dung [
vit. Coal = vid. Conl —

45 Which typets) of energy do you need the most?

34, Whar type of encgy do you wie for fighting? Plesse

specify its estimated cost per manth
o SIS S e 5 28 Al 8 S 255
e S .

1 Elecucity
i Kerosene:
. Baitery.
v Candles:

v.  Uniternupeed power supply (UPS):
vi.  Fuel Generator (Please specify he
firel:
Vi, Other(Please specity)

45 Whaat Type of energy do you nse for Cookimg? Please
Il SSIatd gl = DS SIS B S S

specify its estimated cost per month

1 g S

1 Nangal gas

i Dung cake:
. Liguefied Perroleun Gas (LPG).
iv.  Firewood:

v. Ceal

Vi, Other(Plense specify):

46. What rype of energy do you use for space cooling?
Plesse specify 115 estuated cost per month
S e O S M ) S S 15 S 8
Tcn‘BL:S!,sdn. 8 )}*dﬁw
i Electiwity
i, Banery
i Ummumpted pawer supply (UPS):
iv.  Fuel Generator (Please specify the
thel:
v, OtheniPlease speaify):

47, What type of energy do you use for space hearng?

SEM G E S MG S s L RS
Tt OB g a Jale w0 o)

1 Nanwal gas
il Dang:
. Laquefied Petrolewn Gas (LPG).
W Firewood:
v. Coal
v Othex(Please specify):

48, What type of energy do you ise for water beating?
Please specify its estimated cost per month
J S S S e
Io U g Al g m S
t. Natuml gas:
" Dung:
i, (Liquefied Petrolenm Gas) LPG:
1w Firewood
v.  Coal
v Othert Please specify)

49 To case of wsmg Firewood or dang. who is responsible for

collecting thent”

A A S e S Sl s R S
o oS
L Men
n Women | o |
iti.  Children -
. Others (Please speaity).
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GENERAL USE OF ELECTRICITY Jiaiad 3 gy 18 oy

30. Which of the following electnicity constming activities are conducted in your household”
T e S o S S m S e i e e e B e Sy S il

I Laghring O V. Listenng 10 radio O
W Space cooling (fans) O Vi Chaging mobale phones (.
m. Space cooling (Al conditonme) O vit  Using deskrop conputer =
v WahTV 0 viii  Chargng of Laptops 0

i Onher (Please speaity)

51 Please provide the following miformation about the mmber of electric devices and hows of use per day
S pl A T plae e o Sy S Saind 3 g o9 a5 S 0 i e ¥

Device Nimber  Hows D' Device Nimber  Howrs Day
Tube Lights Fan
Energy Savers (Compact Fluoreseent Ac
Yights) ; ; ———
LED lighrs Mobile phone charger
TV (Black and Whire) Laprop charger
TT (Colowred) Dy comp
Radio/ Tape recorder Water moor
Otrer e
52, How mwuch 1s yosur ekectneity bill per montly (Rs )7 1 53 Ifyou hiad free chosce, what wonld you prefer as o
e L L 2 S ey S S source of electriciry?
i Below 1000 (=] v S e oy RS Sl Yy S
i 1.000- 3000~ O (Ll s
n 3.000 « 6000/« O 1 Grd
v Above 6,000/~ (= | n Daesel Generator

i, Nanwal Gas generator
iv.  Stomge Battery
v Solar Home System (SHS)
vi.  Other (Please
specify):

0ooooo

54 Do you use ehectnicy for inconse generling activiies | 55 I yes, winch 1ypes of electineal apphiasces ure wvoived
at bome? m mcome generation at home?
Tow o S i oy o S B s a0 S E | e B Sy AR A S e ) SR
i Yes (| T Ay Jaid Sl S
o No O 1 Liglne
it Fans
m Machinery(Please specify):
o Other (Please specity):

oooo

PERCEPTIONS ABOUT RENEWABLE ENERGY AND MICRO FINANCING SCHEMES
S e g b S S S P et

56, Which renewable energy sources d&o vou know about? | 57 Do you thnk repewable enesgy can benefis you m any

fos oy o S8 S g s A way?
L None (| el S 0l S S o) 0 et S e e S
T Solar o e B
n Wind (| 1 Yes. it con reduce energy cost (=
v Bronziss (] Yes (]
v.  Miro hydeo (=] um  No fona |
vi  Others(Please specify) .  Doa'tknow (]

XVi
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28, Wlach type of renewable energy sources do you think
age suitable for your houselold?
SPGB G S AP e I e D S

T asim =t 5
1 Solar (o]
i Wmd O
. Baomass (]
v, Micro hydro (w]

v.  Others{Please specify):

39 Have you ever tned to get access to any kind of

renewable energy?
LS DA gl O Sl s s
S
1 Yes 0
i No 0

60. 11 you ded not try 10 access any kind of rencwable
encigy. what are the reasons/constraints?
LA e gl i el s SR
Tow B Sy WS 0 S e S

High cost

1. Upawareness about its benefits
. Upawareness about its existence
v, Unavulobility

V. OthenrPlease specily)

0000

61 1f you are offered loan foe buying some kuxd of
renewable energy, woukl you go for it?
Footels b S A g s i s &

My Jad £ 1S
L Yo (]
] No (-]
m Don't know (=

62, 1f you would not go for loan to get renewnble energy,
what are the reservations which are holding yon back”
e U anin i il 8 S sl 15 g U Sl 8
T&w:;’}‘*ﬁé‘_ﬂ S

Fivanicsal peoblems

1. Unawnreness about the benefits
w1, Unawareness abour ifs existence
i No need

iv.  Other(Please specify)

oooo

63 1f your reservations are tken care of, and you are
offered loan for the purpose, which type of rencwable
engrgy would you prefer 1o biy?

PSS e a6 e s £ il <) &

S g U S sl 50 g S S e S S rd""g

i Solar =
i Wind [w=]
. Biomass jam]
(=

v, Micro hiydro
v, OthersiPlease specify):

64 How moch moaey (Rs.) can vou pay uptronr”
Top Bt S panahy By s S J S i)
1 Less than 6,000/
u 6,000 - 9.000:-
m 9900 - 12,000/«
iv.  Above 12.000/-

oooao

65 What meothly paymeat (Rs.) can vou afford”
Tow e Sy ph S el i il
1 Less than 2.000:-
u 2,000 - 4,000~
m 4.000 - 6,000«

=}
=
|
v, Above 6,000 O

65. How Jong conld vou contintse the payment?
T B oS5 5 e S L e K e p K
1 Less than | yeu
il 1 -2 years
. 2-3yeans
w 3 years or more
v.  Don't know

00ooo

67. How do you think this renewable energy system will
mpact your life?
B Be e 8 5 S S o) A5 s -!.i--h.*fs‘&“
1A

68, What suggestions would vou give for develogmg the best possible nncro finance scheme offening vois access to

rencwable energy systems?

Tow e i B e e o s SR e iR 5 e L ot S b S S 2 5 el S

Thamk you very much for your minwers. These are very relevane for onr studv. As svennioned, we will kvep vour data confidennal. We will
only wse the infornrarion for research proposes and do nor intenid to make i1 avallable ro other persons. Have a nice day!
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Annex Il: Micro Loan Payment Calculations with Government
Subsidy

Package 1
Total Cost of PV System (Rs.): 159,303
Down Payment (%): 15
Total Down Payment (Rs.): 23,895
Down Payment Made by Borrower (Rs.) @3% 4,779
Down Payment Made by Government (Rs.)@ 12% 19,116
Remaining Balance (Rs.): 135408
Maintenance Cost (per year): 2% of the system cost
Monthly Rent (Rs.): 1,550
Rental Rate: 0.0097299
Monthly Installment (Rs.): 1439.933793

LOAN STRUCTURE FOR PACKAGE 1

Month | Rent (Rs.) Monthly Total Equity Equity Share Share
Amount | Share | Share | Installment | payment | of A of B of A of B
of A of B (Rs.) (Rs.) (Rs.) (Rs.) (%) (%)
159,303
0 23,895 | 135,408 | 15.00 85.00
1 1,550 233 1,318 | 1,440 2,990 25,568 | 133,735 | 16.05 83.95
2 1,550 249 1,301 | 1,440 2,990 27,257 132,046 | 17.11 82.89
3 1,550 265 1,285 | 1,440 2,990 28,962 130,341 | 18.18 81.82
4 1,550 282 1,268 | 1,440 2,990 30,683 128,620 | 19.26 80.74
5 1,550 299 1,251 | 1,440 2,990 32,422 126,881 | 20.35 79.65
6 1,550 315 1,235 | 1,440 2,990 34,177 125,126 | 21.45 78.55
7 1,550 333 1,217 | 1,440 2,990 35,950 123,353 | 22.57 77.43
8 1,550 350 1,200 | 1,440 2,990 37,740 121,563 | 23.69 76.31
9 1,550 367 1,183 | 1,440 2,990 39,547 119,756 | 24.82 75.18
10 1,550 385 1,165 | 1,440 2,990 41,371 117,932 | 25.97 74.03
11 1,550 403 1,147 | 1,440 2,990 43,214 116,089 | 27.13 72.87
12 1,550 420 1,130 | 1,440 2,990 45,074 114,229 | 28.29 71.71
13 1,550 439 1,111 | 1,440 2,990 46,953 112,350 | 29.47 70.53
14 1,550 457 1,093 | 1,440 2,990 48,850 | 110,453 | 30.66 69.34
15 1,550 475 1,075 | 1,440 2,990 50,765 108,538 | 31.87 68.13
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16 1,550 494 1,056 | 1,440 2,990 52,699 106,604 | 33.08 66.92
17 1,550 513 1,037 | 1,440 2,990 54,651 104,652 | 34.31 65.69
18 1,550 532 1,018 | 1,440 2,990 56,623 102,680 | 35.54 64.46
19 1,550 551 999 1,440 2,990 58,614 100,689 | 36.79 63.21
20 1,550 570 980 1,440 2,990 60,624 98,679 | 38.06 61.94
21 1,550 590 960 1,440 2,990 62,654 96,649 | 39.33 60.67
22 1,550 610 940 1,440 2,990 64,703 94,600 | 40.62 59.38
23 1,550 630 920 1,440 2,990 66,773 92,530 | 41.92 58.08
24 1,550 650 900 1,440 2,990 68,863 90,440 | 43.23 56.77
25 1,550 670 880 1,440 2,990 70,973 88,330 | 44.55 55.45
26 1,550 691 859 1,440 2,990 73,103 86,200 | 45.89 54.11
27 1,550 711 839 1,440 2,990 75,254 84,049 | 47.24 52.76
28 1,550 732 818 1,440 2,990 77,426 81,877 | 48.60 51.40
29 1,550 753 797 1,440 2,990 79,620 79,683 | 49.98 50.02
30 1,550 775 775 1,440 2,990 81,834 77,469 | 51.37 48.63
31 1,550 796 754 1,440 2,990 84,070 75,233 | 52.77 47.23
32 1,550 818 732 1,440 2,990 86,328 72,975 | 54.19 45.81
33 1,550 840 710 1,440 2,990 88,608 70,695 | 55.62 44.38
34 1,550 862 688 1,440 2,990 90,910 68,393 | 57.07 42.93
35 1,550 885 665 1,440 2,990 93,235 66,068 | 58.53 41.47
36 1,550 907 643 1,440 2,990 95,582 63,721 | 60.00 40.00
37 1,550 930 620 1,440 2,990 97,952 61,351 | 61.49 38.51
38 1,550 953 597 1,440 2,990 100,345 | 58,958 | 62.99 37.01
39 1,550 976 574 1,440 2,990 102,761 | 56,542 | 64.51 35.49
40 1,550 1,000 | 550 1,440 2,990 105,201 | 54,102 | 66.04 33.96
41 1,550 1,024 | 526 1,440 2,990 107,664 | 51,639 | 67.58 32.42
42 1,550 1,048 | 502 1,440 2,990 110,152 | 49,151 | 69.15 30.85
43 1,550 1,072 | 478 1,440 2,990 112,664 | 46,639 | 70.72 29.28
44 1,550 1,096 | 454 1,440 2,990 115,200 | 44,103 | 72.31 27.69
45 1,550 1,121 | 429 1,440 2,990 117,761 | 41,542 | 73.92 26.08
46 1,550 1,146 | 404 1,440 2,990 120,346 | 38,957 | 75.55 24.45
47 1,550 1,171 | 379 1,440 2,990 122,957 | 36,346 | 77.18 22.82
48 1,550 1,196 | 354 1,440 2,990 125,594 | 33,709 | 78.84 21.16
49 1,550 1,222 | 328 1,440 2,990 128,256 | 31,047 | 80.51 19.49
50 1,550 1,248 | 302 1,440 2,990 130,943 | 28,360 | 82.20 17.80
51 1,550 1,274 | 276 1,440 2,990 133,657 | 25,646 | 83.90 16.10
52 1,550 1,300 | 250 1,440 2,990 136,398 | 22,905 | 85.62 14.38
53 1,550 1,327 | 223 1,440 2,990 139,165 | 20,138 | 87.36 12.64
54 1,550 1,354 | 196 1,440 2,990 141,959 | 17,344 | 89.11 10.89
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55 1,550 1,381 | 169 1,440 2,990 144,780 | 14,523 | 90.88 9.12
56 1,550 1,409 | 141 | 1,440 2,990 147,629 | 11,674 |92.67 |7.33
57 1,550 1,436 | 114 | 1,440 2,990 150,505 | 8,798 94.48 | 552
58 1,550 1,464 | 86 1,440 2,990 153,409 | 5,894 96.30 | 3.70
59 1,550 1,493 | 57 1,440 2,990 156,342 | 2,961 98.14 | 1.86
60 1,550 1,521 | 29 1,440 2,990 159,303 | 0 100.00 | 0.00
A= Borrower; B= MFI
Rental Division: A: (15/100) x 1,550= Rs. 233; B: (85/100) x 1,550= Rs. 1,318
Total Payment made to the MFI (Rs.) = 179,396
Maintenance cost @2% of the system cost (Rs.) = 15,930 for the whole loan duration
Profit to the MFI (Rs.) = 179,396-151,338-15,930= 28,058
Package 2
Total Cost of PV System (Rs.): 209,280
Down Payment (%): 15
Total Down Payment (Rs.): 31,392
Down Payment Made by Borrower (Rs.) @3% 6,278
Down Payment Made by Government (Rs.)@ 12% 25,114
Remaining Balance (Rs.): 177,888
Maintenance Cost (per year): 2% of the system cost
Monthly Rent (Rs.): 1,750
Rental Rate: 0.0083620
Monthly Installment (Rs.): 2032.606283
LOAN STRUCTURE FOR PACKAGE 2
Month | Rent (Rs.) Monthly Total Equity | Equity Share Share
Amount | Share | Share | Installment | payment | of A of B of A of B
of A |ofB | (Rs) (Rs.) (Rs.) (Rs.) (%) (%)
209,280
0 31,392 | 177,888 | 15.00 | 85.00
1 1,750 263 | 1,488 | 2,033 3,783 33,687 | 175593 | 16.10 | 83.90
2 1,750 282 | 1,468 | 2,033 3,783 36,001 | 173,279 | 17.20 | 82.80
3 1,750 301 | 1,449 | 2,033 3,783 38,335 | 170,945 | 18.32 | 81.68
4 1,750 321 | 1,429 | 2,033 3,783 40,688 | 168,592 | 19.44 | 80.56
5 1,750 340 | 1,410 | 2,033 3,783 43,061 | 166,219 |20.58 | 79.42
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6 1,750 360 1,390 | 2,033 3,783 45454 | 163,826 | 21.72 78.28
7 1,750 380 1,370 | 2,033 3,783 47,866 | 161,414 | 22.87 77.13
8 1,750 400 1,350 | 2,033 3,783 50,299 | 158,981 | 24.03 75.97
9 1,750 421 1,329 | 2,033 3,783 52,753 | 156,527 | 25.21 74.79
10 1,750 441 1,309 | 2,033 3,783 55,226 | 154,054 | 26.39 73.61
11 1,750 462 1,288 | 2,033 3,783 57,721 | 151,559 | 27.58 72.42
12 1,750 483 1,267 | 2,033 3,783 60,236 | 149,044 | 28.78 71.22
13 1,750 504 1,246 | 2,033 3,783 62,772 | 146,508 | 29.99 70.01
14 1,750 525 1,225 | 2,033 3,783 65,330 | 143,950 | 31.22 68.78
15 1,750 546 1,204 | 2,033 3,783 67,909 | 141,371 | 32.45 67.55
16 1,750 568 1,182 | 2,033 3,783 70,509 | 138,771 | 33.69 66.31
17 1,750 590 1,160 | 2,033 3,783 73,131 | 136,149 | 34.94 65.06
18 1,750 612 1,138 | 2,033 3,783 75,775 | 133,505 | 36.21 63.79
19 1,750 634 1,116 | 2,033 3,783 78,442 | 130,838 | 37.48 62.52
20 1,750 656 1,094 | 2,033 3,783 81,130 | 128,150 | 38.77 61.23
21 1,750 678 1,072 | 2,033 3,783 83,841 | 125,439 | 40.06 59.94
22 1,750 701 1,049 | 2,033 3,783 86,575 | 122,705 | 41.37 58.63
23 1,750 724 1,026 | 2,033 3,783 89,331 | 119,949 | 42.69 57.31
24 1,750 747 1,003 | 2,033 3,783 92,111 | 117,169 | 44.01 55.99
25 1,750 770 980 2,033 3,783 94,914 | 114,366 | 45.35 54.65
26 1,750 794 956 2,033 3,783 97,740 | 111,540 | 46.70 53.30
27 1,750 817 933 2,033 3,783 100,590 | 108,690 | 48.06 51.94
28 1,750 841 909 2,033 3,783 103,464 | 105,816 | 49.44 50.56
29 1,750 865 885 2,033 3,783 106,362 | 102,918 | 50.82 49.18
30 1,750 889 861 2,033 3,783 109,284 | 99,996 52.22 47.78
31 1,750 914 836 2,033 3,783 112,230 | 97,050 53.63 46.37
32 1,750 938 812 2,033 3,783 115,201 | 94,079 55.05 44.95
33 1,750 963 787 2,033 3,783 118,197 | 91,083 56.48 43.52
34 1,750 988 762 2,033 3,783 121,218 | 88,062 57.92 42.08
35 1,750 1,014 | 736 2,033 3,783 124,264 | 85,016 59.38 40.62
36 1,750 1,039 | 711 2,033 3,783 127,336 | 81,944 60.84 39.16
37 1,750 1,065 | 685 2,033 3,783 130,433 | 78,847 62.32 37.68
38 1,750 1,091 | 659 2,033 3,783 133,557 | 75,723 63.82 36.18
39 1,750 1,117 | 633 2,033 3,783 136,706 | 72,574 65.32 34.68
40 1,750 1,143 | 607 2,033 3,783 139,882 | 69,398 66.84 33.16
41 1,750 1,170 | 580 2,033 3,783 143,084 | 66,196 68.37 31.63
42 1,750 1,196 | 554 2,033 3,783 146,313 | 62,967 69.91 30.09
43 1,750 1,223 | 527 2,033 3,783 149,569 | 59,711 71.47 28.53
44 1,750 1,251 | 499 2,033 3,783 152,852 | 56,428 73.04 26.96
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45 1,750 1,278 | 472 2,033 3,783 156,163 | 53,117 74.62 25.38
46 1,750 1,306 | 444 2,033 3,783 159,502 | 49,778 76.21 23.79
47 1,750 1,334 | 416 2,033 3,783 162,868 | 46,412 77.82 22.18
48 1,750 1,362 | 388 2,033 3,783 166,263 | 43,017 79.45 20.55
49 1,750 1,390 | 360 2,033 3,783 169,685 | 39,595 81.08 18.92
50 1,750 1,419 | 331 2,033 3,783 173,137 | 36,143 82.73 17.27
51 1,750 1,448 | 302 2,033 3,783 176,617 | 32,663 84.39 15.61
52 1,750 1,477 | 273 2,033 3,783 180,127 | 29,153 86.07 13.93
53 1,750 1,506 | 244 2,033 3,783 183,666 | 25,614 87.76 12.24
54 1,750 1,536 | 214 2,033 3,783 187,234 | 22,046 89.47 10.53
55 1,750 1,566 | 184 2,033 3,783 190,832 | 18,448 91.19 8.81
56 1,750 1,596 | 154 2,033 3,783 194,461 | 14,819 92.92 7.08
57 1,750 1,626 | 124 2,033 3,783 198,119 | 11,161 94.67 5.33
58 1,750 1,657 | 93 2,033 3,783 201,809 | 7,471 96.43 3.57
59 1,750 1,688 | 62 2,033 3,783 205,529 | 3,751 98.21 1.79
60 1,750 1,719 | 31 2,033 3,783 209,280 | O 100.00 | 0.00
A= Borrower; B= MFI

Rental Division:

Total Payment made to the MFI (Rs.) = 226,956
Maintenance cost @2% of the system cost (Rs.) = 20,928 for the whole loan duration

Profit to the MFI (Rs.) = 226,956 - 198,816-20,928= 28,140

Total Cost of PV System (Rs.):

Down Payment (%):
Total Down Payment (Rs.):

A: (15/100) x 1,750= Rs. 263;

Package 3

Down Payment Made by Borrower (Rs.) @3%

Down Payment Made by Government (Rs.)@ 12%
Remaining Balance (Rs.):

Maintenance Cost (per year):

Monthly Rent (Rs.):

Rental Rate:

Monthly Installment (Rs.):

272,007

15

40,801
8,160
32,641

23,1206
2% of the system cost

1950

0.0071689
2804.998676

B: (85/100) x 1,750= Rs. 1,488
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LOAN STRUCTURE FOR PACKAGE 3

Month | Rent (Rs.) Monthly Total Equity | Equity Share Share
Amount | Share | Share | Installment | payment | of A of B of A of B
of A | ofB (Rs.) (Rs.) (Rs.) (Rs.) (%) (%)
272,007
0 40,801 231,206 | 15.00 85.00
1 1,950 293 1,658 | 2,805 4,755 43,899 228,108 | 16.14 83.86
2 1,950 315 1,635 | 2,805 4,755 47,018 224,989 | 17.29 82.71
3 1,950 337 1,613 | 2,805 4,755 50,160 | 221,847 | 18.44 81.56
4 1,950 360 1,590 | 2,805 4,755 53,325 | 218,682 | 19.60 80.40
5 1,950 382 1,568 | 2,805 4,755 56,512 215,495 | 20.78 79.22
6 1,950 405 1,545 | 2,805 4,755 59,722 212,285 | 21.96 78.04
7 1,950 428 1,522 | 2,805 4,755 62,955 | 209,052 | 23.14 76.86
8 1,950 451 1,499 | 2,805 4,755 66,212 | 205,795 | 24.34 75.66
9 1,950 475 1,475 | 2,805 4,755 69,491 202,516 | 25.55 74.45
10 1,950 498 1,452 | 2,805 4,755 72,795 199,212 | 26.76 73.24
11 1,950 522 1,428 | 2,805 4,755 76,121 195,886 | 27.99 72.01
12 1,950 546 1,404 | 2,805 4,755 79,472 192,535 | 29.22 70.78
13 1,950 570 1,380 | 2,805 4,755 82,847 189,160 | 30.46 69.54
14 1,950 594 1,356 | 2,805 4,755 86,246 185,761 | 31.71 68.29
15 1,950 618 1,332 | 2,805 4,755 89,669 182,338 | 32.97 67.03
16 1,950 643 1,307 | 2,805 4,755 93,117 178,890 | 34.23 65.77
17 1,950 668 1,282 | 2,805 4,755 96,590 175,417 | 35.51 64.49
18 1,950 692 1,258 | 2,805 4,755 100,087 | 171,920 | 36.80 63.20
19 1,950 718 1,232 | 2,805 4,755 103,609 | 168,398 | 38.09 61.91
20 1,950 743 1,207 | 2,805 4,755 107,157 | 164,850 | 39.40 60.60
21 1,950 768 1,182 | 2,805 4,755 110,730 | 161,277 | 40.71 59.29
22 1,950 794 1,156 | 2,805 4,755 114,329 | 157,678 | 42.03 57.97
23 1,950 820 1,130 | 2,805 4,755 117,954 | 154,053 | 43.36 56.64
24 1,950 846 1,104 | 2,805 4,755 121,604 | 150,403 | 44.71 55.29
25 1,950 872 1,078 | 2,805 4,755 125,281 | 146,726 | 46.06 53.94
26 1,950 898 1,052 | 2,805 4,755 128,984 | 143,023 | 47.42 52.58
27 1,950 925 1,025 | 2,805 4,755 132,714 | 139,293 | 48.79 51.21
28 1,950 951 999 2,805 4,755 136,470 | 135,537 | 50.17 49.83
29 1,950 978 972 2,805 4,755 140,254 | 131,753 | 51.56 48.44
30 1,950 1,005 | 945 2,805 4,755 144,064 | 127,943 | 52.96 47.04
31 1,950 1,033 | 917 2,805 4,755 147,902 | 124,105 | 54.37 45.63
32 1,950 1,060 | 890 2,805 4,755 151,767 | 120,240 | 55.80 44.20
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33 1,950 1,088 | 862 2,805 4,755 155,660 | 116,347 | 57.23 42.77
34 1,950 1,116 | 834 2,805 4,755 159,581 | 112,426 | 58.67 41.33
35 1,950 1,144 | 806 2,805 4,755 163,530 | 108,477 | 60.12 39.88
36 1,950 1,172 | 778 2,805 4,755 167,508 | 104,499 | 61.58 38.42
37 1,950 1,201 | 749 2,805 4,755 171,514 | 100,493 | 63.05 36.95
38 1,950 1,230 | 720 2,805 4,755 175,548 | 96,459 64.54 35.46
39 1,950 1,258 | 692 2,805 4,755 179,612 | 92,395 66.03 33.97
40 1,950 1,288 | 662 2,805 4,755 183,704 | 88,303 67.54 32.46
41 1,950 1,317 | 633 2,805 4,755 187,826 | 84,181 69.05 30.95
42 1,950 1,347 | 603 2,805 4,755 191,978 | 80,029 70.58 29.42
43 1,950 1,376 | 574 2,805 4,755 196,159 | 75,848 72.12 27.88
44 1,950 1,406 | 544 2,805 4,755 200,370 | 71,637 73.66 26.34
45 1,950 1,436 | 514 2,805 4,755 204,612 | 67,395 75.22 24.78
46 1,950 1,467 | 483 2,805 4,755 208,884 | 63,123 76.79 23.21
47 1,950 1,497 | 453 2,805 4,755 213,186 | 58,821 78.38 21.62
48 1,950 1,528 | 422 2,805 4,755 217,519 | 54,488 79.97 20.03
49 1,950 1,559 | 391 2,805 4,755 221,884 | 50,123 81.57 18.43
50 1,950 1,591 | 359 2,805 4,755 226,279 | 45,728 83.19 16.81
51 1,950 1,622 | 328 2,805 4,755 230,707 | 41,300 84.82 15.18
52 1,950 1,654 | 296 2,805 4,755 235,165 | 36,842 86.46 13.54
53 1,950 1,686 | 264 2,805 4,755 239,656 | 32,351 88.11 11.89
54 1,950 1,718 | 232 2,805 4,755 244,179 | 27,828 89.77 10.23
55 1,950 1,751 | 199 2,805 4,755 248,735 | 23,272 91.44 8.56

56 1,950 1,783 | 167 2,805 4,755 253,323 | 18,684 93.13 6.87

57 1,950 1,816 | 134 2,805 4,755 257,944 | 14,063 94.83 517

58 1,950 1,849 | 101 2,805 4,755 262,598 | 9,409 96.54 3.46

59 1,950 1,883 | 67 2,805 4,755 267,286 | 4,721 98.26 1.74

60 1,950 1,916 | 34 2,805 4,755 272,007 | (0) 100.00 | 0.00

A= Borrower; B= MFI

Rental Division:
Total Payment made to the MFI (Rs.) = 285,300
Maintenance cost @2% of the system cost (Rs.) = 27,201 for the whole loan duration

Profit to the MFI (Rs.) = 285,300 - 258,407 - 27,201= 26,893

A: (15/100) x 1,950= Rs. 293;

B: (85/100) x 1,950= Rs. 1,658
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Annex I11: Journal Paper

SHS Micro financing in On-Grid Rural Areas of Pakistan — What,

Why, How!
Warda Ajaz, Parvez Akhter

Centre for Energy Systems, National University of Sciences and Technology,

Islamabad, Pakistan

Abstract

Pakistan is facing ever worsening electricity crisis. Most urban areas experience 10 to
12 hours load shedding each day while in rural areas, the situation is much worse with
on average 16 to 18 hours power outage per day. With end user energy micro-
financing turning up as a light at the end of the tunnel for enhancing energy access in
most developing countries like Bangladesh and Sri Lanka, employing this mechanism
for encouraging the use of de-centralized solar power systems in on-grid areas of
Pakistan, can significantly lessen the load on national grid. Especially for on-grid rural
areas where the electricity load per household is much less than the urban households,
introducing low cost solar home systems on micro-loans are likely to be more
financially viable. In this context, this paper aims to investigate the feasibility of solar
home system micro financing in on-grid rural areas of Pakistan. After conducting
household surveys and collecting baseline information collection in a selected case
study village, the study concludes that most of households are both willing and able

to take micro-loans for switching to solar home systems for power generation.

Keywords: Solar Home System, Microfinance, Energy Access, Pakistan, National
Grid

Background

In the twenty-first century, one of the utmost requirements for development and
poverty reduction is access to energy(UNEP 2007; Rao et al. 2009; liskog 2008;
liskog and Kjellstrom 2008).Various studies and historical evidence suggests that
access to energy holds a pivotal role in the development of any country and no country
has ever achieved significant poverty alleviation without improving energy access for
the inhabitants(Rao et al. 2009).

Yet, more than 1.6 billion people around the world do not enjoy access to modern
energy services(IEA 2011) and the majority of those lying on the lowest rung of the
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energy ladder lives in rural areas(World Bank 2008; WHO 2009). On one hand, this
employs impeded “opportunities for economic development,(Munasinghe 2009)”
while on the other hand, presents a serious hurdle in achieving the most important
Millennium Development Goals (MDGs) of reducing energy poverty, improving
access to clean water and sanitation facilities and enhancing education and health
services(UNDP 2012).

However, providing energy access to the whole population requires huge amount of
capital and resources, which in case of most developing countries is almost impossible
to mobilize(Sovacool 2013). According to the statistics from the International Energy
Agency (IEA), around USD 9.1billion were invested worldwide in 2009 for
expanding energy access and this investment must increase to USD 48 billion a year
in order to achieve universal access to modern energy services by the year 2030(IEA
2011). If seen in comparison to the global energy expenditures, this amount equals to
only 3% of what the world spends on energy services per year. Nevertheless,
especially in case of developing countries, mobilizing such huge amount of financial
resources should not be under-estimated.

Considering the inadequate availability of public monetary resources for improving
energy access, catalyzing private finance for serving the purpose seems to be the only
viable option(Glemarec 2012). One of the most promising avenue in this regard is
micro financing, which has shown great potential for enhancing access to modern
energy services in many developing countries including Bangladesh, India, Nepal,
and Sri Lanka.

Introduction

Pakistan is facing an electricity crisis which is not only affecting the lives of the people
but also hindering the country’s economic development. Most of the urban areas are
experiencing up to 10 to 12 hours of load shedding while the situation is even worse
in the rural areas where the electricity remains unavailable for an average 16 to 18
hours per day(Mirza et al. 2007; Farooq and Shakoor 2013). As of 2011, the total
shortfall in the system was more than 5000 Megawatts with the demand of 14,475
Megawatts and supply of only 9,465 Megawatts. After just 1 year i.e. in summer of
2012, this gap between demand and supply widened to 6,000 Megawatts as the
demand increased to 15,000 Megawatts and the supply being only 9,000 Megawatts
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(NEPRA 2012; Ebrahim 2012; Kessides 2013). According to latest figures for August
2014, the electricity demand was recorded at 19,600 megawatt with the supply of only
14,800 megawatts and the country experiencing a shortfall of 4,800 megawatts
(Duniya News 2014).

As per the statistics from the National Electric Power Regulatory Authority (NEPRA),
domestic sector consumes the major chunk of electricity as compared to the other
sectors(Khalil and Zaidi 2014). Province wise distribution of electricity consumption
by agriculture, bulk supply, domestic and industrial sectors is outlines in Table 1.

Table 1. Energy Consumption in Various Sectors (GWh)

Sector Punjab Sindh KPK AJK Baluchistan Total
Agriculture 6.8 1.2 0.5 0.0 4.1 13.0
Bulk supply 35 1.7 0.7 0.0 0.1 5.9
Domestic 28.0 9.3 7.3 0.8 0.6 46.1
Industry 18.3 6.1 1.9 0.1 0.2 26.7
Commercial 4.7 2.0 0.7 0.1 0.1 7.5
Other 0.3 0.3 0.0 0.1 0.0 0.7
Total 61.7 20.6 111 1.1 55 74,349

On the other hand, Pakistan is blessed with the richest natural energy resources.
Especially in terms of solar resources, Pakistan lies in one of the most favourable
geographic areas for generating energy from solar as it receives high solar insolation
in the long summer season(Mirza, Mercedes Maroto-Valer, and Ahmad 2003). A
study by NERL estimates that Pakistan has potential for generating 2.9 million
megawatt of electricity through solar energy. Moreover, the Government of Pakistan
also encourages the use of solar photovoltaic energy and has set ambitious goals for
increasing the share of renewable energy in the national energy mix by 2030.
According to NEPRA, the Government of Pakistan aims to have atleast 5% power
generation through renewable energy technologies, including solar photovoltaic, by
2030(Gl1Z 2012).

In this situation, one way of reducing load on the national grid can be encouraging
mass use of decentralized SHS, especially in on-grid rural areas where the household
load is already very low as compared to urban households. However, a major hurdle
in this regard is the high cost of SHS and uunfortunately, inspite of having the success

stories of renewable energy micro financing in neighboring countries like Bangladesh,
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India and Nepal, there is no prominent renewable energy micro-finance scheme,

offered by the government, NGOs, MFIs or banks.

In this context, this research study has been designed with the aim of assessing the
consumer’s feedback and baseline situation to determine feasibility of introducing
Solar Home System (SHS) micro financing schemes in on-grid rural communities of

Pakistan. The scope of study was defined with the following points in mind:

1. The scope of this research is limited to a remote, on-grid village ‘Jajja’, located
in the union council Manghot, Tehsil Gujjar Khan, District Rawalpindi.The
village is located at the Mandrah-Chakwal road, at a distance of 20 kilometers

from Mandrah.
2. The feasibility of renewable SHS micro-financing has been assessed in terms
of:
a. Demographic factors
b. Energy usage and consumption behaviors
c. Ability to pay
d. Willingness to pay
3. It is expected that the results of this study will be applicable on the average

on-grid rural communities of Pakistan, as the living conditions and the

perceptions of the people are similar.
Methodology

The study relied on household surveys for finding the opinions and reservations of the
potential consumers of SHS microfinance schemes. For this purpose, a case study
village ‘Jajja’, located in Union Council Manghot of Rawalpindi District, Punjab,
Pakistan, was selected for conducting household surveys. Although the village is
connected to national grid, on average 12 -16 hours load shedding is frequent
throughout the year due to ongoing power crisis in the country. The village comprises

of 146 households, while 16 other households also reside along its boundary.

After selecting the case study village, basic demographic information and statistics
were obtained from the Manghot Union Council Office. Based on this information, as

well as after conducting a through literature search, a specially designed questionnaire
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was prepared for obtaining the data required for assessing the current electricity
consumption trends and consumer perceptions of solar home system micro financing

in the selected case study village.

The designed questionnaire covered 4 broad themes, i.e. Demographic factors, Energy
usage and consumption behaviors, Ability to pay, Willingness to pay. Quite naturally,
the demographic factors affect an individual’s way of living and preferences.
Similarly, knowledge of energy usage and consumption behaviors are crucial for
developing a baseline energy load profile for appropriate SHS designing. The other
two parameters, i.e. Ability to pay and Willingness to pay also play an important part
while designing microfinance schemes because if the end-user does not, for any
reason, pay back the loan, the scheme will not sustain. While the former two
parameters are relatively easier to assess, the latter two are quite complicated.
Therefore, ability to pay was assessed through factors like monthly income and
expenses of the households, reliability and frequency of income, savings, wealth and
current loans. While an entire section of the questionnaire was exclusively designed

for conducting a Willingness-to-Pay (WTP) analysis.

The questionnaire was then pre-tested in the field to check its appropriateness and
then accordingly, the changes were made in the final version. After finalizing the
revised questionnaire, all 156 households located in and around the village were
surveyed. All the respondents were first briefed about the purpose of the survey.

A database for the statistical analysis was prepared in SPSS. After the household
surveys were conducted, the data was cleaned, coded and entered into the SPSS
database. Descriptive and Frequency distribution analysis was then conducted for
detailed analysis of the data.

Results

This section outlines the results of the household surveys conducted within the scope

of this study.

1. Number of Residents
The survey results depict that majority of households in the village i.e. 22.4%, have 6
residents in their house. This was followed by a percentage of 21.8% for those having

5 residents and 16% for the households having 4 residents. Overall, it can be

XXIX



concluded that around half of the households have 5-6 residents in the house (Table
2).

Table 2: Number and Percentage of Households with respect to Number of
Residents

Number of Residents Number of Households Percentage of Households
1 5 3.2
2 18 115
3 20 12.8
4 25 16.0
5 34 21.8
6 35 22.4
7 10 6.4
8 7 4.5
9 1 0.6
10 1 0.6
Total 156 100

2. Number of Residents with respect to Gender

Around 37% of the surveyed households had 3 male members in their family, while
27% had 2 male members. On an overall basis, more than 60% households reported
2-3 male members in the family. The survey results also showed that there are 2
female residents in around 42% of the surveyed households. This was followed by a

figure of 23.7% for the households having 3 female members in the house (Figure 1).

Gender Distribution in the Household Residents
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Figure 1: Percentage of Households with respect to Gender Distribution of
Residents
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3. Ownership Status of the House

99.4% respondents in the village were living in the house owned by themselves or

their families. Only 1 household reported living in a rental house (Table 3).

Table 3: Number and Percentage of Households with respect to the Ownership
Status of the House they live in

Ownership Status Number of Households | Percentage of Households
Owned/Family Owned property 155 99.4

Rental property 1 0.6

Total 156 100.0

4. Number of Rooms in the House

Around 54% households lived in a 3-room house. This was followed by 28% who

lived in a houses having 4 or more rooms (Table 4).

Table 4: Number and Percentage of Households with respect to the Number of
Rooms in the House

Number of Rooms Number of Households Percentage of Households
1 2 1.3

2 27 17.3

3 84 53.8

4 or more 43 27.6

Total 156 100.0

5. Education Qualification of Residents

The results showed that in around 49% households, no family member was illiterate,
while in 32% households, only 1 illiterate family member was reported. In 47.5%
households, 1 to 2 family members had education upto the primary school level, 64%
had 1 to 2 secondary school educated residents while the percentage of households
reporting higher secondary school and university educated family members was very
low. This trend shows that in the surveyed village, most of people are either primary
or secondary school qualified (Figure 2).

6. Employment Status of Residents

Around 81% households in the surveyed village had 1 to 2 bread earners while more

than half had 3 to 4 un-employed family members (Figure 3).
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7. Source of Income

The respondents were also asked about the major sources of their family income. 122
households listed regular employment as their major source of income. This was
followed by agriculture with 96 households earning a major part of their income
through it (Table 5).

Table 5: Number of Households with respect to their Major source(s) of Income
(more than one answer possible)

Major Sources of Income Number of Households
Regular employment 122

Trade 8

Agriculture and/or Livestock 96

Other 22

8. Frequency of Income

According to the survey results, majority of households in the village received their

income monthly or seasonally (Table 6).

Table 6: Number of Households with respect to their Frequency of Income (more
than one answer possible)

Frequency of Income Number of Households
Daily 13

Weekly 9

Monthly 127

Seasonal 88

9. Total Monthly Income

Out of 156 households, 80 reported that their average household monthly income is
between Rs. 20,000-30,000. Only 8 surveyed households had the monthly income
above Rs. 40,000 (Figure 4).

10. Monthly Expenses

After the monthly household income, the respondents were asked about the monthly
household expenses. 53% households reported that their monthly expenses match

their monthly income i.e. they spend Rs. 20,000 to 30,000 per month (Figure 5).
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11. General Use of Electricity

The next section focused on the electricity consumption in particular. The section

comprised of the following sub-sections:
a. Electricity Intensive Activities at Home:

In order to get an idea of the electricity consumption trends in the surveyed village,
the respondents were asked about the electricity intensive activities which are carried
out in their household. As can be seen from Table 7, almost all the households used
electricity for lighting and space cooling. The other major electricity consuming

activities included watching TV and charging mobile phones.

Table 7: Number of Households with respect to their Electricity Intensive

Activities (more than one answer possible)

Activities Number of Households
Lighting 156

Space Cooling (Fans) 154

Space Cooling (Air-conditioning) 4

Watching TV 145

Listening to Radio 20

Charging mobile phones 139

Using desktop computer 22

Charging laptop 8

b. Use of Electric Appliances:

The electricity consumption behavior was further assessed by the questions directly
targeted at the number and daily consumption of specific electric appliances in the
household.

Considering the fact that the village is connected to the grid and the occasionally used
appliances like laundry machines and cloth irons can be powered through the grid
electricity, it only seems logical that the SHS be designed for catering to only the most

commonly used activities outlined above.

Therefore, for SHS designing, only the activities conducted in atleast 50% of the
households were further considered. These activities are Lighting, Space cooling with
fans, Watching TV and Charging mobile phone and the use of appliances covering

these activities are discussed below.
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Tube lights:

Around 21% households reported that they have 4 tube lights installed in their homes,
while 26% said they do not have any tube light in the house. Moreover, more than

34% said that the average use of each tube light in their home is 3 hours per day
(Figure 6).
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Figure 6: Percentage of Households with respect to the Use of Tube Lights

Energy Saver Lights (Compact Fluorescent lights):

When asked about the energy saving compact fluorescent lights, 18.6% said they have
2 energy savers installed in their home. Figure 7 depicts a detailed breakdown of the

answers. Also, as shown, 53% households stated that they use the energy saver light
for around 5 hours per day.
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Figure 7: Percentage of Households with respect to the Use of Energy Saver
Lights
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LED Lights:

The survey results show that none of the households in the surveyed village was using
LED lights, or was even aware of their benefit (Table 8).

Table 8: Number and Percentage of Households with respect to the Number of
LED Lights

Number of LED Lights Number of Households Percentage of Households
None 156 100.0
Television:

Only 7 households in the village owned a black and white television, which was being
used for 1 to 2 hours per day (Figure 8). However, 138 households reported owning

colored TV and around half of them reported its use about 3 to 4 hours in a day (Figure
9).
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Figure 8: Percentage of Households with respect to the Use of Black and White
TVs
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Figure 9: Percentage of Households with respect to the Number of Colored TVs

XXXVii



Fans:

Due to the geographical and climatic conditions in the area, space cooling is needed
in every house in the village. This is why 154 households, out of 156, reported using
fans during summer season. Around half of the village households have 2 to 3 fans

installed in their house. Moreover, the average use of each fan was reported by almost
all of households to be more than 6 hours (Figure 10).
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Figure 10: Percentage of Households with respect to the Use of Fans

Mobile Phones:

All except 17 households had atleast 1 mobile phone in their house. Around 47%
reported 1 mobile phone, 22% reported 2 phones while 16% said they have 3 mobile

phones in the house. The average use of a mobile phone charger was estimated to be
1 hour in a day (Figure 11).
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Figure 11: Percentage of Households with respect to the Use of Mobile Phones
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12. Monthly Electricity Bill

The households were further asked about the average electricity bill. The results,
summarized in Figure 12, show that 66% households had a monthly electricity bill of
Rs. 1000 to 3000.
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Figure 12: Percentage of Households with respect to the Monthly Electricity Bill
13. Perceptions about Renewable Energy and Micro financing

The last section of the survey questionnaire, was focused on assessing the perceptions
and preferences of the community regarding renewable energy technologies and

micro financing. The following sub-sections were included in this section of the
questionnaire:

a. Willingness to Buy Renewable Energy Technology on MicroLoan:

The households in the surveyed village were then directly asked about their
willingness to buy renewable energy technologies on microloan. A clear majority of
the respondents, i.e. 82.7% gave a positive response while 17.3% showed their un-
willingness (Figure 13).

Among the 17.3% households who showed their un-willingness, 37% stated that their

financial situation does not allow them to take loan. The detailed breakdown is
provided in Table 9.
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Willingness to Purchase Renwable Energy Tehnologies on
Micro-loan
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Figure 13: Percentage of Households with respect to their Willingness to Buy
Renewable Energy Technologies on Loan

Table 9: Number and Percentage of Households with respect to their Reasons
for Un-Willingness to Buy Renewable Energy Technologies on Loan

Reasons for Un-willingness Number of Households | Percentage of Households
Financial problems 10 37

Not sure if it will benefit us 4 14.8

No need 13 48.1

b. Preferred Upfront Payment:
More than half of the respondents stated that they could only afford an upfront

payment of Rs. 6,000 or less, for buying renewable energy technology on microloan
(Figure 14).
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Figure 14: Percentage of Households with respect to the Preferred Upfront
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c. Preferred Monthly Installment:

Around 74% households reported that a monthly installment of less than Rs. 2000

would suit them the most, while 21% said they could pay Rs. 2000 to 4000 per month
as installment (Figure 15).
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Figure 15: Percentage of Households with respect to the Preferred Monthly
Payment (Rs.)

d. Preferred Duration of Loan:

In case of loan duration, more than half of the respondents said they would be most
comfortable if the loan duration is 3 years or more (Figure 16).
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Figure 16: Percentage of Households with respect to the Preferred Duration of
Loan
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14. Comments of the Survey Respondents

In the end, the respondents were asked if they wanted to give any opinion or comments
regarding the potential SHS microfinance schemes. Most of the respondents said that
being Muslims, they have reservations about the element of interest rate in the micro
loans offered by banks. Some others also pointed out the issue of maintenance of SHS,
saying that the micro finance institute should also take care of the maintenance atleast

for the duration of the loan.
SHS Design

From the survey results, it can be clearly deduced that majority of the households in
the case study village are both willing and able to take micro-loans for switching to
SHS, provided that the scheme offers interest free loan. Therefore, an appropriate
interest-free SHS microfinance scheme can prove be highly feasible.

Based on the appliances involved in the electricity intensive activities conducted in
atleast 50% households, and their most common hours of use as shown by the survey
results, the following can be presented as a typical summer season electricity load of
an average household in the case study village:

v' 4 Tube lights, each used for 3 hours per day.

v/ 2 Compact Fluorescent lights, each used for 3 hours per day.
v 3 Fans, each used for 10 hours per day.

v 1 colored TV, used for 4 hours per day

v 1 Mobile phone, charged for 1 hour per day

Using the most common wattages of these appliances (PEPCO 2014; Standby Power
2014), It is therefore recommended that the SHS be designed with the following
typical load profile:

Tube Lights: 4 x 40 watts x 3 hours = 480 watt-hour/day

Compact Fluorescent Lights: 2 X 22 watts x 5 hours = 220 watt-hour/day

Fans: 3 x 80 watts x 10 hours = 2400 watt-hour/day
Television: 1 x 200 watts x 4 hours = 800 watt-hour/day
Mobile Phone Charger: 1 x 5 watts x 1 hour = 5 watt-hour/day
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Total: 3905 watt-hour/day = 43.905 kWh/day = 117.15
kWh/month

Micro-Loan Design

The survey results also revealed the most of the target customers prefer the following

financial scheme for the micro loan.

Upfront Payment: Rs. 6,000
Monthly Installment: Rs. 2,000

Loan Duration: 3 or more years

Therefore, it is recommended that an interest-free microfinance scheme matching the
above summarized specifications be offered to the on-grid rural households for micro

financing.
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