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1. Introduction

“Energy has been universally recognized as one of the most important inputs for
economic growth and human development” (India Energy Portal 2012, p. 1). The
presented domestic biogas project can support this development and use existing
biomass in rural areas of India to supply the population with an efficient and decen-

tralized form of energy.

This paper aims to analyze if the installation of domestic biogas plants in a rural area
of Orissa, India can be profitably undertaken by the executing company, if rural
households can finance those plants, and if non-financial benefits arise through the

installation of such a plant.

The reader is introduced to the project setup and the three hypotheses that are ana-
lyzed throughout this work. The general framework provides an overview about the
economic situation of India and Orissa and the general energy situation as well as in
relation to biogas. Additionally, some information is given on the legal and institu-
tional situation accompanying the biogas plant project. In the main part, the profit-
ability of the project is assessed followed by the analyses of the feasibility for farm-
ers in rural Orissa. As a third aspect, non-monetary benefits are taken into account

and analyzed. Finally, a conclusion is given.
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2. Description of the Project

Biomass is one of the major energy sources used in rural India covering nearly 96%
of energy sources, however its utilization is highly inefficient due to a lack of proper
stoves in most households (Reddy and Ravindranath, 1987). Through the installation
of a biogas plant and by providing more efficient stoves and biogas lamps to low and
middle income receivers in rural India, a community can be provided with a more
efficient alternative source of energy due to its wide availability in villages involved
in cattle breeding and agricultural production. Due to this, an agricultural-based vil-
lage - Bhabinarayanpur (84° 53°E, 19°16’N) - located in the coastal region of the
East-Indian state Orissa is chosen based on a study undertaken by Nisanka and Misra
(1990). The decision to choose Orissa is based on the state’s high potential to imple-
ment further biogas plants and its advantageous climatic conditions to run such a
plant (NABARD, 2012; Kossmann, Poenits and Habermehl, 1997a). The paper by
Nisanka and Misra (1990) is selected due to the reliable and precise data given for
the respective village. Finding reliable data, especially for rural areas in Orissa, is a
constant issue. Even though the research undertaken in the paper by Nisanka and
Misra (1990) can be seen as a historical base for further research, the quality and
accuracy of the data is the decisive factor in selecting the paper as the base case for

this work.

The respective village Nisanka and Misra (1990) chose to examine consists of 125 ha
of land and 138 households. Income is mainly generated through selling agricultural
products on local markets, reflecting the overall situation in Orissa where 60% of its
workforce is occupied in this sector (Institute of Applied Manpower Research, 2011).
The region the village is located in enjoys a mainly sub-humid climate, which allows
running the biogas plant at consistent capacity throughout the year (Nisanka and
Misra, 1990). Within this project, approximately 40% of households in the village

will receive a domestic biogas plant.

A newly founded project company will install the biogas plant as a turnkey project.
As figure 1 shows below the non-governmental organization (NGO) Gram Vikas as
the parent company provides the project company with equity, either with 100% or
30% equity, yet - for simplicity reasons - receives no payment (e.g. in form of divi-

dend) in return due to the non-profit aspect of the biogas plant project. The NGO
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Gram Vikas was chosen due to its strong presence in the state of Orissa, the location
of the respective village, and its long experience in providing poor households in
Orissa with domestic biogas plants first starting in 1986 (Gram Vikas, 2012a; Gram
Vikas 2012b)". Moreover, Gram Vikas supports Self Help Groups (SHG) by provid-
ing “[...] basic record keeping and financial training [...]” as well as linking them to
local banks for microloans (Gram Vikas, 2012c). Even though the newly founded
project company will set up Joint Liability Groups (JLG), the experience in micro-
finance through the parent company Gram Vikas will ease the work of the project
company. In order to further train the project company’s employees in how to deal
with microfinance customers and the specific characteristics in this field, an external

consultant specializing in microfinance will be hired for the time of the project.

The project company qualifies for a loan under the Rural Infrastructure Development
Fund (RIDF), which was established under the National Bank for Agriculture and
Rural Development (NABARD) in 1994, which is*[...] responsible for regulating
credit flow and promoting integrated development in rural areas” (Johnson and Meka
2010, p. 5; NABARD, 2011). The loan will be provided through the NABARD nodal
department - the Finance Department of the State Orissa - carrying out the loan

providing process of the RIDF (NABARD, 2011).

Additionally, the project company will have the opportunity to benefit from a fund of
the National Biogas and Manure Management Programme (NBMMP), but does not
have to pay taxes to the state and federal government “[...] presuming the non-
existence of taxes on traditional energy sources” such as biogas (Kossmann, Poenits,
and Habermehl, 1997c, p. 14; Government of India — Ministry of New and Renewa-
ble Energy, 2009).

Alternative financing methods for the project company are considered as seen in fig-
ure 1 below. The first and second scenario will look at a 100% equity financing of
the biogas project through Gram Vikas. Scenarios three and four will consider an
equity ratio of 30%. The remaining 70% debt will be raised through the RIDF. Sub-
sidies through the NBMMP are considered in the second and fourth scenario. In or-

der to allow households to finance the biogas plant independently, the project com-

! For a detailed description of the NGO Gram Vikas see Appendix A.
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pany will provide microloans at the amount needed to fund the family size biogas
plant, a new required stove and two biogas lamps. The amount of the loan will differ
depending on the subsidies received under NBMMP. The project itself covers costs
and takes into consideration inflation over the useful life of the project, hence net
present value (NPV) must at least equal zero.

Figure 1: Setup of the Project

External

Farmers/ Consultant

Households Specialization:

Microfinance

Repayment of
microloanvia joint  Remuneration
Biogas plant liability group o .
& Microloan Training & Expertise

Loan

Project company SO N
through . . ~ o payments are
4 DV (established by Gram Vikas) L

Orissa Finance repayments Subsidies I(notccnsidered
é' due to tax

holidays)

Department under
NBEMMP

Federal Indian

Government

Source: Own illustration

Based on the solutions derived from the project profitability calculations as well as
the loan calculations hypotheses one and two will be analyzed. Additionally, hypoth-
esis three will look at benefits that can be derived from using a family size biogas

plant.

The first hypothesis states that financing the biogas plant project will be profitable for
the newly established project company over the plants’ useful life of 15 years. “Prof-
itable” in this case means, that the project’s NPV equals zero at least considering real
cost of equity as the discount rate. The above stated argument will either be proven

or disproven.

The second hypothesis defines that households within the analyzed village are able to

raise funds in order to finance the biogas plant on their own, either in absence of sub-
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sidies or in combination with them. It shall be proven if a household’s income and
the additional monetary benefits they obtain through the plant installation can cover

loan costs.

The third hypothesis will theoretically assess to what extent the biogas plant will de-
rive non-financial benefits for households in the respective village. Benefits include
improved health benefits, social benefits related to education and gender issues, and

local environmental benefits.

Since the project company receives funds exclusively in Rs and pays all invoices in
Rupee (Rs), the exchange rate is provided for orientation purposes only. The day

exchange rate June, 02 2012 of § 1 to 56 Indian Rs is considered.
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3. General Framework

In the following section, the economic situation of India and the state Orissa is intro-
duced. Following this, an overview over the energy market is given as well as an
overview over renewable energies. Finally, rural energy consumption in Orissa is

described and the energy which is created from biomass or from a biogas plant.

3.1. Economic Situation

In the following paragraph, the reader is introduced to the overall situation of the
Indian economy and the state Orissa by giving key figures and by looking at the three

economic sectors.

3.1.1. Economic Situation in India

The Indian government plays a crucial role in economic planning as it introduces
five-year plans in order to regulate and manage the Indian economy. In the five-year
plans, the government sets targets for the economy in regard to education, health,
environment, infrastructure and income (Encyclopedia Britannica, 2012a). The tar-
gets of the current eleventh five year plan including the years 2007 to 2012 is to
achieve an annual GDP growth rate of 9%-10% (Planning Commission Government

of India, 2008a).

India has a population of more than 1.2 billion. Therefore, almost 17.5% of the world
population lived in India in 2011 in comparison to China which is the most populated
country making up 19.4% of the world population. The world average annual expo-
nential population growth rate from 2000 to 2010 was 1.23%. In comparison, the
Indian average annual exponential population growth rate was higher with 1.64%
and even more than three times higher than the Chinese, which amounted to only

0.53% (Office of the Registrar General & Census Commissioner, 2011).

In addition, poverty in India is still a key issue especially in rural areas. The poverty
line can be defined as “an income level that is considered minimally sufficient to
sustain a family in terms of food, housing, clothing, medical needs, and so on” and is
recently set at 28.65 Rs a day in urban areas and 22.42 Rs a day in rural areas in In-

dia (OECD, 2012; BBC, 2012). In total in 2005, more than 72% of the Indian popu-
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lation lived in rural areas, of which 28.3% lived below the poverty line (Office of the
Registrar General & Census Commissioner, 2011; Institute of Applied Manpower
Research, 2011). The part of the population who lives below the poverty line has no
access to ‘mainstream finance’ as they are neglected by formal financial institutions
(Sundaresan, 2008). Additionally, they do not have the know-how of sustainable
energy use (Rao, Miller, Wang and Byrne, 2009).

With a gross domestic product at purchasing power parity (PPP) of $ 4,463 trillion in
2011, India is ranked number four in the world behind the European Union, the Unit-
ed States and China (CIA Factbook, 2012a). Since 2010, GDP growth has slowed
down and is forecasted to decrease from 7% to 8% from 2012 to 2013 (World Bank,
2011; Euromonitor International, 2011). In May 2012, the inflation rate of India was
at 7.23% and was therefore higher than the calculated average from 1996 to 2011
which accounted to 6.93% (Trading Economics, 2012) (see Appendix B). This aver-
age inflation rate is used in the paper in order to adjust historical data and is also as-

sumed to be the future inflation rate.

Due to the fact that India only has a 2.3% share of the world’s agricultural area and
additionally 17.5% of the world population lives in India, a guaranteed food supply
for the population is a major challenge for India’s agricultural sector. In 2011, agri-
culture was still the most important sector with 58% of the population being em-
ployed in it (Department of Agriculture & Cooperation, 2011). The agricultural sec-
tor contributes 18.1% to GDP in 2011 (CIA Factbook, 2012b). In addition, the pro-
portion on GDP has almost quadrupled compared to the 1950s (Planning Commis-

sion Government of India, 2008a).

The industrial sector, accounting for 26.3% of GDP, experienced high growth of
11% from 2006 to 2007 compared to 6.8% between 2002 to 2003 (CIA Factbook,

2012b; Planning Commission Government of India, 2008a).

The services sector, accounting for 55.6% of GDP in 2011, has the highest growth
rate since 2002 compared to the other two sectors introduced above (Planning Com-
mission Government of India, 2008a; CIA Factbook, 2012b). The proportion of con-
struction on GDP grew in the last years due to the strong developments in infrastruc-

ture and housing. In 2007, the contribution of construction on GDP was around 6.9%
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(Planning Commission Government of India, 2008a). Furthermore, tourism is as well
an important factor of services as it contributes 6.4% to GDP in 2011 and will further
increase to 6.5% of GDP by 2013. Regarding the absolute contribution of tourism on
GDP, India is ranked number 12 in the world due to revenues of more than $121 bil-

lion (World travel & tourism council, 2012).

3.1.2. Economic Situation in Orissa

Orissa is located in eastern India. In March 2011 the total population amounted to
approximately 41.9 million; hence around 3.47% of the total population in India
lived in Orissa which qualifies this state as number 11 out of 35 states in India in
terms of population. In comparison, the most populated state is Uttar Pradesh with a
rate of 16.49%, whereas Lakshadweep has a rate of 0.01% of total population as one
of the least populated states. The population growth rate of India from 2001 to 2011
lies at about 1.64%, whereas the average growth rate of Orissa is at 1.28% and there-
fore lies below the average growth rate (Office of the Registrar General & Census
Commissioner, 2011). Furthermore, with a Human development index (HDI) of
0.547, India is ranked number 134 of 187 countries in 2011. The country with the
highest HDI is Norway with an Index of 0.943, whereas Congo has the lowest HDI
with 0.286. The HDI measures life expectancy, mean years of schooling, expected
years of schooling and gross national income per capita (United Nations Develop-
ment Programme, 2011). Mean years of schooling is the time spent at school by peo-
ple older than 25 years old, as expected years of schooling is the time that a 5-year
old child is expected to spend on education. Orissa had an HDI of 0.362 in 2008
which was the second-lowest rate of all Indian states compared to Kerala which had

the highest HDI with 0.790 in 2008 (Institute of Applied Manpower Research, 2011).

Orissa’s gross state domestic product (GSDP) increased continuously from 2003
onwards with 6.65%, but decreased between 2008 until 2009 in comparison to the
overall Indian GDP rate of 6.65%. When considering the economic sectors, services
almost contribute 49% to GSDP in 2009 followed by the agricultural sector with
36% of GSDP and industry with 15% of GSDP (IBEF, 2010). Construction as well
as tourism contributes strongly to the high share of services on GSDP with about
25% of value, as transport and communications have a value of 17% (Institute of

Applied Manpower Research, 2011). The key industries in Orissa are above all iron
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and steel, aluminum and mining due to the high availability of natural resources
(IBEF, 2010). In regard to mineral output, Orissa is number one in the country. Alt-
hough the agricultural sector does not contribute to the same extent as other sectors
to overall GSDP, 60% of the workforce in Orissa is occupied in this sector (Institute
of Applied Manpower Research, 2011). The most important agriculture products in
Orissa are “rice, pulses, oilseeds, vegetables, groundnut, cotton, jute, coconut, spices,

potato and fruits” (IBEF, 2010, p.61).

A survey undertaken in 2004 by the National Council of Applied Economic Research
(2011) shows that Orissa had the lowest income level of India. Rural per capita in-
come per year was at about 3,096 Rs compared to 9,000 Rs of urban per capita in-
come which leads to an average per capita income of 3,450 Rs. In comparison, Hi-
machal Pradesh has the highest annual per capita income with 9,440 Rs in rural and
15,662 Rs in urban areas which amounts to a 9,942 Rs average per capita income.
Rural household income per year in Orissa is at about 15,000 Rs compared to 42,000
Rs of urban household income in the state. Therefore, the average household income
per year in Orissa lies at 16,500 Rs. In Himachal Pradesh, the state with the highest
income levels, rural household income per year amounts to 43,124 Rs and urban
household income to 72,000 Rs which is a 46,684 Rs average household income (Na-
tional Council of Applied Economic Research, 2011). In Orissa, for 83 different job
categories including agriculture, the minimum wage for unskilled workers is 90 Rs a
day, for semi-skilled workers 103 Rs, for skilled 116 Rs and for highly skilled work-
ers 129 Rs (Government of India — Ministry of Labour, 2011a). To compare, mini-
mum wages in Himachal Pradesh for unskilled workers in the agricultural sector are
at 110 Rs a day which is 9,09% more than in Orissa (Government of India — Ministry
of Labour, 2011b).

3.2. Energy Overview

In this chapter, an overview over the energy situation is given. The overall energy
market and energy consumption in India is regarded and the role of renewable ener-
gies is shown. Furthermore, the energy consumption in rural areas is analyzed. A
definition of biomass is given followed by a description of the functionality of a bio-

gas plant.
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3.2.1. Energy Market

On August 14, 2005 the former president of India, Abdul Kalam, announced that the
nation’s ultimate aim has to be energy independence which should be achieved in the
upcoming 25 years (India Energy Portal, 2012). Due to the need of energy as an im-
portant input factor for economic growth and human development, energy independ-
ence is important, and a poor performance of the energy sector can be a major con-
straint in achieving the GDP growth rate of 10% targeted in the 1™ five year plan

(Planning Commission Government of India, 2008b)

India is a well-equipped country with fossil as well as renewable energy resources.
Until 1980, India had an independent energy policy due to sufficient fossil energy
sources such as coal, oil and gas. Thereafter, the demand for energy sources grew at
a compounded annual rate of 5.35% between 1981 and 2006 (EIA, 2006). However,
domestic supply could not keep up with the increasing demand of energy, not even
with a growing share of renewable energy in the time period until 2012. In 2009,
over 25% of the total Indian energy requirements were supplied by various sources
of renewable energy (EIA, 2011). According to the EIA report, India ranked in 2009

fourth as an energy consumer worldwide after the United States, China and Russia.

Sinha (2008) states that India is facing a critical challenge of accommodating the fast
increasing energy demand. According to the author (2008), India gets more and more
aware of the fact that it harms its economy with supply disruptions due to energy
shortages. To meet the demand and to diminish energy shortages, the country im-
ports up to 35% of its commercial energy resources such as electricity, natural gas
and oil (Schweiger, Armistead and Samudrala, 2010). In 2010, India was the world’s
fifth largest net importer of oil (EIA, 2011). However, the Indian per capita energy
consumption is (with 15.9 million Btu /639 kWh) still at a very low level compared
to other developing countries (EIA, 2006). One reason for that might be high prices
for energy in terms of PPP (TERIL, 2006). > Another reason could be the insufficient

accessibility to various sources of energy. More than 56% of rural households do not

? Indian customers pay high prices for energy in purchasing power parity terms. In 2006, the Indian
average tariff on PPP basis was 30.8 cents/kWh compared to the US with 7.7 cents/kWh or China
with 20.6 cents/kWh.
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have access to the electricity grid or do not connect because of poor reliability and

inadequate supply (World Bank, 2010a; Mukherji, 2008).

For the upcoming years, energy demand is expected to grow at an annual rate of
5.2% due to increasing population and growing economy (India Energy Portal,
2012). The need of a national energy strategy is given that boosts the domestic ener-
gy supply, pursues efficient use of energy and intends to reduce losses in energy
transmission and distribution (Mukherji, 2008). This strategy will help to meet the
future demand and support GDP growth.

3.2.2. Renewable Energy

Source of renewable energy is energy generated from natural sources such as wind,
sunlight, tides or plants that are almost inexhaustible and which regenerate relatively

quickly compared to fossil sources of energy (Encyclopedia Britannica, 2012b).

India is one of the most attractive countries for renewable energy investments
(Schweiger, Armistead and Samudrala, 2010). According to the Ernst and Young all
renewable index (2012), India ranks fourth after China, the United States and Ger-
many. Currently, the Ministry of New and Renewable Energy (MNRE) promotes the
development of all sources of renewable energy (Schweiger, Armistead and

Samudrala, 2010).

A growing share of renewable energy sources provides environmental advantages
beside economic and social benefits. Renewable energies can help the country to
meet the energy demand with domestic resources and can prevent the nation from
large energy import bills which would influence the current account. Moreover they
can build up protection against fuel price volatility and reduce the countries depend-
ence on import and vulnerability to increasing energy prices (World Bank, 2010b).
Additionally, the country’s development can be enhanced by the utilization of un-
used unemployed land as solar or wind parks and by supporting rural areas in their
progress regarding energy supply. A reduction of social disadvantages due to the
inaccessibility of the energy grid and convenient energy resources can be achieved
through decentralized energy generation (World Bank, 2010b). Furthermore, envi-
ronmental benefits can be generated. India has obligations to reduce its carbon emis-

sions according to the Kyoto Protocol. According to the World Bank (2010b) report,
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one gigawatt of energy generated from renewable energy sources instead of fossil

energy sources can reduce carbon emissions by 3.3 million tons a year.

India is currently the world’s fifth largest producer of energy from wind after Den-
mark, Germany, Spain and the United States. Other renewable energy resources such
as hydro, solar and biomass energy are used to supply the domestic market with en-
ergy (India Energy Portal, 2012). As mentioned before, the domestic supply has to

grow at a high pace to overcome the demand-supply gap.

Wind and solar energy need certain weather conditions for energy production. Yet,
biomass can also deliver energy under volatile weather conditions. Furthermore, bi-
omass is one of the most attractive decentralized sources of energy in order to supply

rural areas with energy (Glemarec, 2012; Reddy and Ravindranath, 1987).

3.2.3. Rural Energy Consumption in Orissa

The main sources of energy in rural areas are firewood, agro-wastes, kerosene, elec-
tricity, diesel and coal. These different sources of energy can be seen in Table 1 as
well as their importance given in percentage of total use. Furthermore, the use of
rural energy is given for the sectors agriculture, domestic, lighting, industry and

transport.

Table 1: Energy source matrix (GJ/yr)?

Agriculturel Domestic | Lighting | Industry | Transport Total %

Firewood 0 654461 0 1,082.40 0  7,627.01 80.59%
Agro-wastes 0 680.73 0  700.00 0  1,380.73 14.59%
Kerosene 0 0 20208 2845 0 230.53 2.44%
Electricity 93.30 0 3431 5532 0 182.93 1.93%
Diesel & coal 1.25 0 0 M4 0 42.67 0.45%
Total fuel 94.55 7,225.34  236.39 1,907.59 0 9,463.87

% fuel 1.00% 76.35%  2.50%  20.16% 0% 100%

Source: Own illustration based on Reddy and Ravindranath (1987)

The most important fuel contribution in rural India is biomass. With firewood (81%)
and agro-wastes (15%) nearly 96% of the energy consumption is covered by bio-

mass. Energy sources such as kerosene and electricity play a minor role in rural In-

3 For reasons of simplification and missing present data, it is assumed that the energy consumption
investigated by Reddy and Rayindranath (1987) are applicable to rural Orissa and did not change over
the years.
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dia. The lack of importance is due to missing accessibility to the electricity grid and
the high prices of energy (Reddy and Ravindranath, 1987). The major consumer of
fuel based energy is in the domestic sector (76%) which includes heating and cook-
ing followed by the industry sector (20%) which beside iron and steel production
includes also cement, paper, sugarcane production and fishing (Reddy and
Ravindranath, 1987).. Following this, Focusing on biomass as a major source of en-

ergy for rural areas can be considered as appropriate

3.2.4. Energy from Biomass

According to the European Union Directive on renewable energies, biomass includes
the biodegradable fraction of products, wastes and residues of biological origin from
agriculture (as plants and animals and their by-products), forestry and related indus-
tries as well as the biodegradable fraction from industrial and municipal waste (BEC,

2012; ENCROP 2009).

Currently, biomass in India is not used sustainably. In order to produce energy
through the use of firewood, the pace of cutting down trees and bushed outpaces their
ability to regenerate (Eltrop, 2005). A sustainable generation of energy from biomass
in rural India requires the transformation of inefficient or unused biomass from ani-
mal waste and plant waste into an efficient energy source. Since India is situated in a
biogas conductive temperature zone, biogas energy generation from biomass will be
a more efficient use of biomass waste. This biomass waste can accrue from agricul-
tural, industrial or communal area (Flaig, 1998). Regarding different origins, biomass
can be agricultural waste and liquid or solid manure; organic industrial waste water
and industrial waste itself from plant or animal background and communal waste like

sewage sludge.

The production of biomass in rural areas is dependent on the agricultural situation
and the amount of given livestock, the local industry (for example breweries, cream-
eries, slaughterhouses or sugar refineries) and the communal circumstances. For op-
erating a plant that produces biogas from biomass, the future development of the
above mentioned areas is important for ensuring a sustainable operation. However,
India has the largest population of cattle and buffaloes in the world (Rubab and
Kandpal, 1995) and the future development might stay stable due to religious rea-
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sons. Therefore, the major part of the rural biomass potential can be based on bovine

manure.

3.2.5. Energy from a Biogas Plant

Biogas is a product of an anaerobic biological process called methan-ogenesis, which
takes place without the impact of oxygen and a technical process called
biomethanation (Pauss, Naveau and Nyns, 1987). The gas is a mixture of methane
(CHy) and carbon dioxide (CO;) as well as parts of oxygen, nitrogen and some other
trace gases. Usually, biogas contains 50 to 80% of CH,4 and has between 15 and 45%
CO,, whereas the carbon dioxide share has a significant influence on the energy val-
ue of the gas (Table 2). The purer the biogas the less CO; is included and the more
energy the gas contains. Moreover, the increase in energy is exponential. Therefore,

high methane shares are targeted for efficient biogas production.

Table 2: Biogas composition and energy value, Substrates and gas yields

Substrate | Methane %
Methane | Carbondioxide K/g Sugarcane molasses 70-75
(CH4) (CO2) Cattle manure 60
50% 50% 13.4 Pig manure 60-70
80% 20% 29.9 Corn silage 50-55
100% 0% 50 Grass silage 54-55

Source: Own illustration based on Pauss, Naveau and Nyns (1987); Kossmann, Poenits and Haber-
mehl (1997a)

Some of the high methane shares substrates can be seen in Table 2. Different types of
substrate have different gas yields. Sugarcane molasses (agro-waste) and cattle ma-
nure have high methane proportions and therefore are highly eligible as input factors
for a biomass plant (Encorp, 2009). Benefits of the biogas plant include the generated
gas as well as highly efficient natural fertilizer given as a side product of the energy

generating process (see Figure 2).

The type of biogas plant, which is installed the most in rural areas and which will be
installed by the project company is the fixed dome plant type (NABARD, 2012). The
fixed dome biogas plant has usually three components: the inlet collection tank, a

fermenter and the outlet storage tank (Flaig, 1998).
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Figure 2: A typical biogas system configuration
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Source: Kossmann, Poenits and Habermehl (1997a)

The heart of the plant is the fermenter, often termed as the biogas plant itself. It is a
vessel in which the biomass is metabolized and the biogas is produced. Methane es-
capes spontaneously from fermentation and no particular process is necessary for the
recovery of methane (Pauss, Naveau and Nyns, 1987). The vessel has to be air- and
waterproof as well as corrosion resistant and thermally isolated in order to ensure a
proper anaerobic biological process. The collection tank is installed in front of the
fermenter and it is a container in which the input biomass is collected. Through a
flow system, a constant stream of biomass from the collection tank to the fermenter
is possible although there is only irregular replenishment. Under optimal conditions
of an anaerobic digestion, the slurry warms itself up to the required temperature be-
tween 28° and 37°C, which makes additional heating obsolete. Depending on the
volume of the digester, the slurry is fully rotten in the vessel within 18 to 35 days.
Thereafter, the fermented mixture will be displaced in the third container —the stor-
age tank. It serves as storage place until the mixture is used as a fertilizer for fields.

A complete model of a fixed dome biogas plant can be seen in Appendix C.

Assuming a constant flow, sufficient time of more than 20 days and a constant tem-
perature of 35°C will allow reaching the maximum gas yield of the plant
(Dissemond, 1993). The biogas produced in a digester can be used as any other com-
bustible gas for end uses such as producing heat, cooking, lighting, or motive power

generation (Kossmann, Poenits and Habermehl, 1997a; Rubab and Kandpal, 1995).
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A biogas plant of 2 m? can supply a household with four members with sufficient gas
for cooking and lighting. Households of more than four members as given the village
of Bhabinarayanpur may need a plant with a higher capacity of 4 m* (NMRE, 2012).
Since the input of to the plant depends on the season, a 4 m? biogas plant will operate
at full workload during peak farming season and produce 4 m? biogas per day. The
plant operates at lower workloads during off-season times. The live expectancy of a
biogas plant that is solidly built and maintained properly can amount up to 15 years

(Gutterer and Sasse, 1993; Kossmann, Poenits, and Habermehl, 1997b).

3.3. Legal and Institutional Situation

The Indian government’s energy policy tries to support renewable energy by provid-
ing incentives on federal and state government level. One of the main objectives is
the supply of energy and electricity to rural areas (International Business Publica-
tions, 2003). The upcoming section presents the targets of the Indian government
concerning energy and electricity supply mentioned in the eleventh five year plan.
Furthermore, the regulations of the Orissa Electricity Reform Act referring to this

project are presented.

3.3.1. Eleventh Plan

In the eleventh five year plan concerning the years 2007 to 2012, the Indian govern-
ment emphasizes the importance of electricity for economic growth. It is aware of
the fact that the planned GDP growth of 9%-10% per year can only be achieved if
India’s infrastructure® deficit can be surpassed by investing in appropriate projects.
The government plans to increase public spending for infrastructure, which includes
energy and electricity, from 5% of GDP at the beginning of the plan period to 9% in
2012. However, the plan also recognizes that the capacity of the public sector is not
sufficient to cover the resources needed in order to meet the deficit in infrastructure.
Therefore incentives are given in order to attract private investment through public
private partnerships. The public private partnership program explicitly specifies the

aim of “bringing private resources into public projects” and not vice versa (Planning

*The Eleventh Plan defines physical infrastructure as electricity, railways, roads, ports, airports, irriga-
tion, urban and rural water supply, and sanitation.
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Commission Government of India, 2008b, p. 256). As the given project in this paper
is a private one seeking for public funds, it is not possible to raise funds designated to
achieve the eleventh five year plan targets for this project. The planned investments
in electricity more than doubled from 2,919 billion Rs in the tenth five year plan to
6,665 billion Rs in the eleventh five year plan. However, the share of investments in
energy and electricity in total investments remained stable at around 33% (Planning

Commission Government of India, 2008b).

Among other physical targets, the plan aims at providing energy and electricity ac-
cess to all rural households. This is tried to be achieved by a special program called
Bharat Nirman which aims at providing electricity to the 125,000 villages which do
not have access yet. Investments are planned to amount to 340 billion Rs for this
project (Planning Commission Government of India, 2008b). However, as in chapter

3.2.1 already mentioned, the target above has by far not been achieved yet.

3.3.2. Orissa Electricity Reform Act

The law applying to the project in the state of Orissa is the Orissa Electricity Reform
Act of 1995. According to this regulation, an electricity provider needs a license in
order to supply and transmit energy and electricity. The license includes terms and
conditions under which the supply of energy has to be carried out. These terms and
conditions are set up individually for each license. The holder of a supply license has
certain duties such as the development and maintenance of efficient energy supply;
in return he is allowed to run the plant. It is therefore not only important to develop a
biogas plant within this project, but also to maintain the plant over the useful life.
Furthermore, annual reports of current actions taken by the provider and reports of
financial details have to be handed in to the Orissa Electricity Regulatory Commis-
sion. In case of violations against parts of the Act, the Commission may take actions
against the operator. These measures range from fines up to a ban on operating. For
this project of providing a source of energy to a village by biogas, it is very important
to obtain the license as the Orissa Electricity Regulatory Commission will cease un-
licensed projects and disconnect respective plants (Orissa Electricity Reform Act,

1995).
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4. Profitability of the Project

In the following section, an economic calculation for the biogas plant project is car-
ried out in order to find out if the project is profitable for the NGO (Hypothesis 1).
The mission of the project is to deliver family sized biogas fixed dome plants to rural
inhabitants in Orissa. As already mentioned in chapter 2, the aim of the project is to
supply biogas plants to 40% of Bhabinarayanpur’s households, which add up to a
sale of 55 plants’. After introducing the methodology applied for this chapter, the
loan financing methods and the theoretical background regarding subsidies received
is presented. Following this, revenue, cost and financial income related to the project
are calculated; these sections are strongly linked to each other. Finally, the profitabil-

ity of the project is assessed and analyzed.

4.1. Methodology

For calculating the economic viability of the project, four scenarios are set up. Sce-
narios one and two assume that 100% of the project company is equity financed,
which implies that capital is provided exclusively by Gram Vikas. Scenarios three
and four are based on 30% equity financing provided by Gram Vikas and 70% debt
received from NABARD. This debt ratio is chosen as project companies usually have
a high financial leverage with debt accounting for 70 to 80% of total project capital
according to Pollio (1999). The lower bound of this scale is selected to decrease in-
terest payments. Furthermore, as explained in chapter 2, the project company does
not have to pay taxes on earnings. Therefore, the importance of a high financial lev-
erage to decrease tax burden can be neglected. The high debt ratio is also appropriate
due to the low equity financing possibilities of the NGO. Scenarios one and three
furthermore exclude subsidies, whereas scenarios two and four include them. Subsi-
dies are considered as they are a decisive factor in the calculation due to the non-

profit character of this project.

5 40% of 138 households
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Table 3: Scenarios

Scenario 1 100% Equity 0% Debt Subsidies not considered
Scenario 2 100% Equity 0% Debt Subsidies considered
Scenario 3 30% Equity 70% Debt Subsidies not considered
Scenario 4 30% Equity 70% Debt Subsidies considered

Source: Own illustration

Project financing is chosen as its criteria are in line with the NGO’s objectives. The
project is set up as an independent entity and as non-recourse debt is considered, the
project debt is separated from the NGO. Repayment of loans is limited to the project
itself and lender security only refers to project assets (Pollio, 1999). Project compa-
nies usually have problems to raise debt due to missing operating history. Conse-
quently, a further requirement of project financing is economic viability of the pro-

ject (Finnerty, 2007). This will be proven in the course of this chapter.

Project financing has a special organizational form differing from conventional direct
financing. This form is first of all characterized by a finite life. The discussed project
lasts 15 years which is equal to the useful life of the biogas plants. Second, free cash
flows are distributed directly to project lenders and equity investors. Gram Vikas can
consequently decide on reinvestment opportunities independently. In the case of di-
rect financing, managers can decide whether to retain and reinvest earnings or to
distribute them to equity holders (Finnerty, 2007). For Gram Vikas, this structure
offers the advantage that the NGO can immediately reinvest free cash flows in other

charitable projects.

The project company, like the NGO Gram Vikas, is registered under the Indian Soci-
eties Registration Act of 1860°. In order to do so, “[t]he applicants must register the
society with the relevant state Registrar of Societies in order to be eligible for tax-

exempt status” (USIG, 2012a).

% For a detailed description of the NGO Gram Vikas see Appendix A.
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A further important aspect to understand the following chapter thoroughly is the life-

time of the project and the dates when important events occur. The following table

presents a timeline of the project.

Table 4: Project Timeline

1,2,3,4 | Plants are set up and finalized at December 31*
0 2,4 First installment of subsidy payments is received
3,4 RIDF disbursement is received
1,2,3,4 | Plants are transferred to the farmers and start operating at January 1
Maintenance of plants is effected at the end of the year
Farmers start to repay their microloans on a monthly basis
! 2,4 Second installment of subsidy payments and subsidies for mainte-
nance are received
3,4 Repayment of RIDF loan starts in form of 5 payments per year
1,2,3,4 | Maintenance of plants
Farmers repay their microloans on a monthly basis
23 2,4 Subsidies for maintenance are received
3,4 Repayment of RIDF loan in 5 payments per year
1,2,3,4 | Maintenance of plants
o 3,4 Repayment of RIDF loan in 5 payments per year
8-15 1,2,3,4 | Maintenance of plants

Source: Own illustration

4.2. Project Setup

The upcoming sections in this chapter focus on the project’s profitability from the

perspective of the project company. In order to understand the profitability figures

below, the reader is introduced to a detailed explanation of the project structure in

advance.

When the project company is founded at the beginning of period 0, total capital of

1,600,000 Rs is needed. For scenarios one and two, this capital is provided exclusive-
ly by the NGO Gram Vikas. For scenarios three and four, 30% of capital (480,000
Rs) is provided by Gram Vikas in form of equity. The remaining 70% (1,120,000 Rs)
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is received from NABARD in form of a long-term RIDF loan. For the provision of
equity in all scenarios, Gram Vikas does not receive any payments such as dividends
due to the nonprofit character of the NGO. For the loan, NABARD receives redemp-
tion and interest payments from period one to seven. Details on this loan are ex-

plained in section 4.3.

The project company is responsible for the construction of the biogas plants. These
plants are sold to farmers in Bhabinarayanpur. The base price per plant is 23,350 Rs
plus 4,000 Rs for equipment that makes the use of biogas in households possible. For
scenarios two and four, this price is deducted by subsidy payments. In order to make
plants affordable, the project company acts also as a financial institution by provid-
ing microfinance loans. Farmers repay the microloan in form of joint liability groups.
As a consequence, the project company receives redemption and interest payments
from period one throughout period five. The total loan amount per household adds up
to 27,350 Rs for scenarios one and three and to 13,045 Rs for scenarios two and four,
which equals the price of plant and equipment. The detailed microfinance mecha-
nism as well as the affordability for farmers will be explained in chapter 5. An exter-
nal consultant specialized in microfinance is involved to give advice regarding the
loans given to farmers. In return, this consultant receives remuneration from the pro-

ject company.

The Indian government is a further player in the biogas project. For scenarios two
and four, the project company receives subsidies under NBMMP of up to 14,305 Rs
per plant and 112,500 Rs as overhead payments. For details on subsidies, please refer
to chapter 4.4. Taxes are not considered as this project focuses on biogas as a tradi-
tional energy source and is therefore exempted from tax payments, as explained in

chapter 2 (Kossmann, Poenits and Habermehl, 1997¢c).

4.3. Financing

The project company will receive a loan through the RIDF established under the
NABARD corresponding to the total amount needed for initial financing. The loan
delivery process will be undertaken by the NABARD nodal department - the Finance
Department of the State Orissa (NABARD, 2011). In order to qualify for a loan one

must either be a state government, a NGO or a Self Help Group. Since the project
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company qualifies as a NGO under the Indian Societies Registration Act of 1860, the
before stated prerequisite is given. Moreover, the project should be of high priority to
the state government in order to receive funding. The project will have the ability to
benefit from funds of the NBMMP, a nationwide program that is promoted in the
state of Orissa (NMRE, 2012). Projects in the fields of agriculture, rural connectivity
and in the social sector receive support through the fund. The biogas project falls
under the third category ‘social sector’ since its subcategories include rural energy,
which the domestic biogas plant will provide to households in rural Orissa

(NABARD, 2011).

The loan calculation is based on an annuity calculation, which “[...] is an asset that
pays a fixed sum each [...] [period] for a specified number of years” (Brealey, Myers,
and Allen, 2011, p.56). A period within the annuity calculation can be a month, a
quarter or concerns any other time period within one year. For the annuity calcula-
tion the periodical payments have to be derived, which the project company must pay
in order to amortize the loan at the end of each period. The loan the project company
receives through the Finance Department of the State Orissa will have a duration of
seven years according to RIDF loan terms, which qualifies as a long-term loan based

on Grill and Perczynski (2007).

In case the project company fails to compensate its loan obligations on time or com-
pletely defaults on the loan, the credit risk remains with the lender — the Finance De-
partment of the state Orissa or the NABARD implementing the RIDF — and not with
the borrower — the project company (Grill and Perczynski, 2007). Credit risk can be
defined as the risk that the borrower does not comply with all obligations that derive

from the contract with the lender (Zegst, 2002).

The nominal interest rate stated under RIDF loan terms amounts to 6.5% p.a. for the
year 2011-12. Due to expenses which occur to NABARD or to its nodal departments
- the Finance Department of Orissa - an additional 0.5% p.a. is added to the nominal
interest rate (NABARD, 2011). In the end, borrowers have to pay a nominal interest
rate of 7% p.a. Due to the significantly high inflation rate in India of 6.93% p.a., the
real interest rate should be considered as well. Based on the Fisher’s theory, “[a]
change in the expected inflation rate causes the same proportionate change in the

nominal interest rate; it has no effect on the required real interest rate” (Brealey,
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Myers, and Allen, 2011, p.91). This statement is reflected in the formula referring to
the Fisher’s theory:

1+i=Q+r)x1+m)

(i = nominal interest rate, r = real interest rate, © = inflation)

(Brealey, Myers, and Allen, 2011)
If the formula is solved for the real interest rate (r), one derives:

_ 14+
1+ 7

After providing the formula with the nominal interest rate (i) and inflation (r), one

r

receives the annual real interest rate for the RIDF loan to the project company:

14007
"= 1500693

r = 0.06% p.a.
One sees that the real interest rate of 0.06%p.a. significantly lies below the annual
inflation rate of 6.93% p.a. in India. Low nominal interest rates are used to promote
the financing of projects that might not be feasible under market conditions provided
by commercial banks. Therefore, such low real annual interest rates can occur for

government sponsored loans as the RIDF loan.

According to RIDF loan terms, the repayment of the loan will start 72 days after
completion of the biogas plant and will be undertaken in five equal instalments per
year (every 72 days within one year) for the following seven years (NABARD,2011).
Due to five payments within one year for a full period of seven years, a total of 35

repayments will be provided to NABARD’s nodal department.

Since the loan is repaid in five equal instalments per year, the actual interest rate
charged, also called the effective interest rate, differs from the annual interest rate
quoted. In the loan terms, the quoted annual nominal interest rate is 7%, yet the ef-
fective nominal interest rate is higher and lies at 7.20%. Hence, in reality the project
company is not charged a rate of 7% of nominal interest p.a., but an effective nomi-

nal interest rate of 7.20%. (For detailed calculation see Appendix J).
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For the annuity calculation the periodical payments (C) have to be derived, which the
project company has to pay in order to amortize the loan five times a year, beginning
72 days after plant installation. The Present Value (PV) formula of annuity can be
used in order to receive the periodical (five per year) payment rate. The following
states that the PV of annuity, the amount that needs to be borrowed in order to repay
the interest and the principal, is the sum of the periodical payments (C) multiplied by

the annuity factor for the respective total period:

1 1
ity =CX|-——————
PV of annuity = C [i X (1 i)"t]

and the annuity factor:
Period — A ity Fact [1 ! ]
n—rerioa — Annul actor = \———————————
Y I ix@A+D"t
(n = number of total periods required to amortize loan, i = nominal interest rate)

If the formula is solved for C, one derives:

PV of annuity

(C)Periodical Payment =

n—Period—Annutiy Factor

(Brealey, Myers, and Allen, 2011)

The loan amount the project company is required to raise depends on the initial fi-
nancing needs the organization has. Due to the fact that the NGO Gram Vikas will
provide the project company with 30% equity, it needs to raise 70% in debt. The pro-
ject company has a need of 1,600,000 Rs in seed funding, hence requires 1,120,000
Rs in debt which it plans to raise through the RIDF loan. By putting the above intro-
duced loan terms and the total amount required into the annuity factor formula, one

derives:

1

5 X (142735

35 — Period — Annuity Factor =

35 — Period — Annuity Factor = 27.52
By adding the 35 — period - annuity factor into the before introduced PV of annuity
formula solved for C, one derives the five periodical payments that are required to

amortize the loan:
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1,120,00 Rs

(C)Periodical Payment = 7 53

(C)Periodical Payment = 40,696.81 Rs
(For detailed calculation see Appendix K)

In order to amortize the RIDF loan over a period of seven years with five equal pay-

ments within one year, the project company needs to pay 40,696.81 Rs per period.

4.4. Subsidies

Although subsidies are not considered in the base cases of scenarios one and three,
they are presented at this point, which is before going into detail into the profitability
calculations of the four scenarios. This is important in order to understand revenue
and profitability figures of scenarios two and four. To make it clear, this chapter only
provides the theoretical background of subsidy payments. For calculations, subsidies
are only considered in scenarios two and four and are excluded in scenarios one and

three.

The project has the opportunity to benefit from funds of the NBMMP. NBMMP was
introduced by the Indian Ministry of New and Renewable Energy to provide clean
fuel to households for various purposes, for example cooking. It mainly aims at re-
ducing use of conventional fuels and chemical fertilizers. Furthermore, the program
shall improve the situation of women and reduce pressure on forests by allowing the

vegetation to recover (Government of India — Ministry of New and Renewable En-

ergy, 2009).

The so called Central Financial Assistance (CFA) is released in two installments:
50% of the funds can be obtained in advance and the remaining 50% are released
after the installment period. The second payment depends on the progress of the
plant during the implementing year and is only released after a Utilization Certificate
is handed in. This has to be done after the financial year of the implementation pe-
riod is officially over. Therefore, the first part of the fund has to be considered as an
inflow in period zero and the second part as an inflow in period one. Furthermore,
the project has to consider the risk of not obtaining the second installment if the pro-

gress of the project is not satisfactory. The warranty amount of 1,500 Rs is split in
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five payments: The first payment of 700 Rs is effected in period one and 200 Rs are
paid in period two throughout five (Government of India — Ministry of New and Re-

newable Energy, 2009).

The amount of the CFA depends on the state of implementation and is divided into

various items. For the state of Orissa, the following funds apply:

Table 5: Pattern of CFA under NBMMP

Subsidies per plant

CFA to beneficiaries of biogas plant (4m”) 8,000
Turn-key Job Fee including warranty for five year 1,500
Additional CFA for toilet linked plants 1,000

Incentives for saving conventional fuels by using biogas in engines 5,000 (maximum)
Subsidies per operator

Users training course 8,000
Staff training course 2,000
Refresher/Construction and maintenance course 35,000

Turn-key operator and management course for workers of compa- 67,500

nies

Source: Own illustration based on Government of India (2009)
The upper part of the table shows subsidies paid per plant. These subsidies reduce the
price farmers have to pay for the plant. The lower part shows subsidies paid for train-
ing courses and are kept within the project company. For 55 plants, the following

payments are received in the respective period:

Table 6: Total Subsidy Payments per Period

1 408,388
2 446,888
3 11,000
4 11,000
5 11,000

Source: Own illustration based on Government of India (2009)
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4.5. Revenue Calculation

Revenues for the project are mainly received through plant and equipment sales.
Plants are produced in period zero and pass over to farmers in period one, which
leads to revenue recognition in period one. Excluding subsidies, for scenarios one
and three the price farmers pay for a plant is 23,350 Rs plus 4,000 Rs for equipment
(NMRE, 2012). Subsidies directly related to an individual plant reduce the price
farmers have to pay for the plant to 13,045 Rs including equipment for scenarios two
and four. For the scenarios including subsidies, additional revenues are generated in
form of overall subsidy payments for training courses. For more details on subsidies,

please refer to section 4.4.

As the entire useful life of a biogas plant is 15 years, repair and maintenance has to
be ensured over the entire lifetime and is provided by the project company. For
maintenance, farmers pay 1,500 Rs per plant per year from period one onwards.

Revenue from maintenance increases over the lifetime of the project due to inflation.

Revenues from plant and equipment sales are considered in accounts receivable in
period 1. Accounts receivable decrease from period 1 to 5 according to loan repay-
ments effected by the farmers. Revenue from maintenance is considered as cash posi-

tion.

Appendices F; G, H and I present profit and loss statements for all scenarios reflect-

ing total figures of revenue, cost and financial income for all periods.

4.6. Cost Calculation

In the following section, the cost of construction and operation of the biogas plant for
the project company will be evaluated. Due to lack of comprehensive sources dealing
with data about construction cost, the following section is based on various sources.
The result will be cross-checked with sources that supply overall cost figures de-
pendent on size and scale of the biogas project and a proper overall result will be

assessed.

Three categories of costs apply: construction costs that consist of installment and

material costs which depend on the number of plants supplied, operation costs such
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as running and maintenance costs per plant and selling, general and administrative
(SG&A) cost. The project company needs to pay construction costs including all
expenditures necessary for the installation of the biogas plant such as work, construc-
tion material for the digester the inlet and outlet vessels as well as the gas piping and

utilization, heating systems and new devices such as gas stoves and gas lamps.

The construction costs vary among rural areas due to different land, work and mate-
rial prices. Due to the climatic conditions in Orissa, which is situated in a biogas
conductive temperature zone, the plant can be built and operated without any heating
system and the costs will therefore be excluded (Kossmann, Poenits and Habermehl,

1997a).

Construction laborer will be remunerated based on a fixed daily rate. Construction

costs for a 4 m?® fixed dome family sized biogas plant are shown in Table 7.

Table 7: Unit construction cost for a 4 m* family sized biogas plant

Cost per unit Units Total in Rs.

1 material pro m? Rs. 2,000 4 m3 Rs. 8,000
4 day labor per day Rs. 90 10 d Rs. 3,600
1 supervisor per day Rs. 129 5d Rs. 645
1 biogas technician per day Rs. 129 3d Rs. 387
1 usertraining per day Rs. 600 1 Rs. 600
1 installation/tests per plant Rs. 250 1 Rs. 250

Total production costs Rs. 13,482

Source: Own illustration based on Government of India (2012); Government of India — Ministry of
Labour (2011a); NMRE (2012); NABARD (2012)

The construction of a biogas plant needs materials as bricks, 6.5 sacks of cement per
m? digester volume, sand as well as two ball valves and steel items (Gutterer and
Sasse, 1993). According to NABARD (2012), material costs for the gas holder and
the fermenter are 1,500 Rs per 1 m?®. Since material is also needed for the inlet collec-
tion tank and outlet storage tank and discounts of bulk purchasing need to be respect-
ed, .Material cost for 1 m? of the biogas plant is set at 2,000 Rs. For a 4 m® biogas

plant total material costs will amount to 8,000 Rs.

Construction and installment is very labor intensive and professional supervision and
control of biogas technicians is needed. Otherwise the plants may not be gas tight

and would pose a risk (Kossmann, Poenits and Habermehl, 1997b). Beside the four
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unskilled day workers that built mainly the plant, a skilled supervisor guides the day
laborers to carry out essential operational activities (Nasery, 2011). The supervisor
will be on site every third day, since Gutterer and Sasse (1993) mention five working
days per biogas plant installation. Additionally, a biogas technician will visit the
plant three days during the whole construction time for installing more complex
components. Unskilled day laborers in the construction and maintenance sector earn
a minimum of 90 Rs a day (Government of India — Ministry of Labour, 2011a). Ac-
cording to Nasery (2011) a worker receives 50 Rs per day for working at the plant.
Since the project company needs to comply with regulation defining minimum wage
in India, 90 Rs are paid. Supervisors and biogas technician earn more since they are
highly skilled worker. Based on minimum wage highly skilled workers earn 129 Rs a
day (Government of India — Ministry of Labour, 2011a). Nasery (2011) calculates
with a monthly wage of 2,500 Rs which would be 125 Rs per day assuming 20 work-

ing days per month. Total construction related personnel cost sum up to 4,632 Rs.

According to NABARD (2012), the civil engineering costs for the whole construc-
tion period of 3-4 weeks would be 13,333 Rs for a 4 m® biogas plant. However, since
the project company builds several biogas plants in the village, the laborers can work
gradually. Only the 10 working days (Acara, 2012) for construction need to be paid
and construction curing resulting from hardening processes does not need to be paid.
Therefore the unit construction costs for labor are lower than suggested by

NABARD (2012).

Beside the needed tests and final installation which account for 250 Rs, user training
for 600 Rs is provided to the new owners of the biogas plant (NABARD, 2012).
Fundamental knowledge about the processes involved in methane fermentation is
necessary for operating the plant properly (Kossmann, Poenits and Habermehl,
1997a). Training for the users is therefore essential to ensure an effective use of the

plant.

Comparing different academic sources for unit based construction costs including
material and the installation of a biogas plant, the expenditure for 1 m? capacity vary
between 2,500 Rs (Kossmann, Poenits and Habermehl, 1997c¢) and 4,833 Rs
(NABARD, 2012). Assuming a 4 m?* capacity family sized biogas plant for six peo-
ple the total production costs could range from 10,000 Rs to 19,332 Rs. These
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sources take unskilled labor into account or the latter does not include toilet connec-

tion. The total construction cost for one biogas plant of the project company sums up

to 14,870 Rs.

Under the condition of a turn-key project the project company sells the 4 m* fixed
dome biogas plant including toilet connection for 23,350 Rs to rural inhabitants

(NMRE, 2012).

Additionally, costs for new devices in order to be able to use the produced biogas are
needed. A gas storage tank that avoids gas outages costs 800 Rs (10% of the biogas
plant material costs) and is installed by the workers during the construction period.
For a 4 m® biogas plant, 22.8 meter piping is needed to connect the plant with the
house (NABARD, 2012). Since piping is a mass-produced bulk material, the cost
will be about 56 Rs per meter and sum up to a total of 1,277 Rs. New gas stoves cost
2,333 Rs including piping (NABARD, 2012). Finally, the new gas stove, called
chullah, for cooking and heating costs 1,056 Rs per unit. Since lighting should be
realized with biogas lamps, two of them will be supplied in order to ensure light even
when one of them is out of order. One new gas lamp costs 336 Rs according to
Alibaba (2012). Two new gas lamps for lighting account for 672 Rs. These costs sum
up to 3,805 Rs as it can be derived from Table 8. The project company delivers and

installs the devices for 4,000 Rs per household.

Table 8: Cost for new household devices

Cost per unit Units Total in Rs.
gas storage tank Rs. 800 10% Rs. 800
double burner biogas stoves Rs. 1,056 1 Rs. 1,056
gas lamps Rs. 336 2 Rs. 672
pipes Rs. 56 22.8 m Rs. 1,277
Total equipment cost per household Rs. 3,805

Source: own illustration based on NABARD (2012)

Operation costs of a biogas plant are as important as production costs. Operation
cost of a biogas plant can be split in running and maintenance costs. Running costs
occur for the use of the plant and include efforts needed to run the plant such as col-
lecting and transporting of substrate, water supply as well as supplying the plant

(Kossmann, Poenits and Habermehl, 1997c¢). Since the operation is carried out by the
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owners of the plant - rural households -, the costs of this individual uses are not oc-
curring to the project company and are therefore not taken into consideration. How-

ever, for farmers these costs need to be regarded, as in chapter 5.4.1 can be seen.

Maintenance includes repair and conservation of the plant. Whenever the plant needs
to be repaired, they should be made in order to ensure efficient gas production. Mate-
rial expenses for repairs amount to 5% of the total material construction costs (8000
Rs) and lead to initial 400 Rs annual costs (Engler, Jordan, McFarland and Lacewell,
1997). Maintenance of the plant is needed to assure the overall service of the plant.
Regular care and cleaning by the user is as important as annual painting of the metal
parts for rust protection. According to NABARD (2012), painting initially costs 467
Rs annually. Furthermore, a biogas technician will look after the plant twice a year
and advices the user, checks the pH-value of the slurry to make sure the biogas plant

is balanced and check for leaks (Acara, 2012; NABARD, 2012).

Operation costs incurring vary widely and depend on the frequency of use and care
for the plant. Average cost of 1,125 Rs for the maintenance work will occur to the
project company. However, the maintenance lump-sum for one year initially
amounts to 1,500 Rs provided through the project company. It includes the annual
painting and minor repairs such as changing of ball valves and fixing other leakages.
Additionally the plant will be visited semiannually to give on site supervision and
control the work undertaken at the plant. This lump-sum will change annually since

the occurring cost to the company will increase due to inflation (Table 9).

Table 9: Initial annual maintenance cost for the biogas plant

Cost per unit Units Total in Rs.
repair per plant Rs. 400 5% Rs. 400
paint per plant Rs. 467 1 Rs. 467
biogas technician
maintenance per plant Rs. 129 2d Rs. 258
Total maintenance cost Rs. 1,125

Source: own illustration based on Alibaba (2012); NABARD (2012)
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The third category of costs is selling, general and administrative costs, which the
project company needs to run its business and to be able to offer maintenance and
microfinance. The total SG&A expenses that occur to the project company are inde-

pendent from the amount of biogas plants sold.

To value these expenses, a research paper published by the World Bank is used
(Yaron, 1994). This research paper evaluates administrative cost of four financial
institutions providing loans to the rural population in emerging countries. These fig-
ures are used as a benchmark. Administrative cost of the assessed institutions varies
between 4.7 and 16.7% of the average loan portfolio (Yaron, 1994). Expenses for
administration from period zero throughout period five are expected to be higher
than at the end of the project’s lifetime due to efforts related to the microfinance
loan, such as collection of farmers’ payments. That is why from periods zero to five a
share of 16.7% of average loan portfolio is assumed. This share decreases to 4.7%
for the periods six to 15. The amount of loans outstanding refers to the base case of
scenario one. As inflation is already considered in the total loan amount, it is not
added to future administrative cost. Remuneration for the external microfinance con-

sultant is included in these figures.

SG&A expenses occur in form of a shared service level agreement with the NGO as
the parent company. Administrative structures, experience, workforce and equipment
are provided by the NGO, which in return receives the above presented payments

(Hodel, Berger and Risi, 2006).

Systematic depreciation is not considered due to the absence of non-current assets.
The project company has no non-current assets as, on the one hand, plants are con-
sidered as inventories and pass over to the customers in period one and, on the other
hand, assets related to offices and maintenance belong to the parent company and are

therefore included in SG&A expenses.
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4.7. Financial income

Financial income for the project company consists of interest received from farmers
for their microfinance loans and interest the project company pays to RIDF for provi-
sion of a long-term loan. For scenarios one and three, interest revenues are higher
than for scenarios two and four, as the price farmers pay for the plant and therefore
the total loan amount is higher due to missing subsidies. As scenarios one and two
are completely equity financed, interest expense only occurs for scenarios three and

four.

4.8. Economic Viability

For the decision if the project is worth to invest in, the net present value (NPV) rule
is applied as it is the most common instrument for deciding on investment projects
and as it considers the time value of money. According to this rule, all projects with
an NPV greater than zero shall be exercised. NPV is the sum of all discounted future
cash flows generated by the project (Pollio, 1999). As this project is elaborated out of
a non-profit motivation, it is exercised as soon as NPV equals zero. NPV is defined

as

NPV=
(1 +I'E)t

(CF,= estimated future cash flows, rg=expected return)

(Pollio, 1999).

Cash flows for the project are calculated as free cash flow to equity (FCFE). The
FCFE is preferred to free cash flow to the firm (FCFF) as it offers a more direct ap-

proach to evaluate projects. FCFE is defined as

FCFE = Net income
- Investment in fixed capital
- Investment in working capital

+ Net borrowing

(Stowe, Robinson, Pinto and McLeavey, 2007).
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The Capital Asset Pricing Model (CAPM) is a method to calculate the cost of equity.
It is calculated based on the following formula (Brealey, Myers and Allen, 2011):

rg = 1rr+ B * (rm — 19)

(rg = expected return; ry= risk-free interest rate; ry= market return; 8 = beta)

First of all, the risk-free rate is assessed. As it is outlined by Bloomberg (2012), the
current yield of a ten-year Indian government bond in May 2012 is at about 8.51%.
Secondly, the beta coefficient is given which measures the reaction of investments to
market movements (Brealey, Myers and Allen, 2011). It can be assumed, that the
movements of the investment are similar to the movements of the market and there-
fore, the beta is set at 1. Finally, the market risk premium is defined. Fernandez,
Aguirreamalloa, and Corres (2011) conducted a survey and with 28 answers they
conclude, that the market risk premium for the total economy is at around 8.5% in

India.

Thus, by using the above mentioned numbers, the result of the calculation is the fol-
lowing:

rg = 8.51%+1%8.5%=17.02%

By discounting FCFE of the respective period with cost of equity and summing up
the resulting present values, the following NPVs arise. For detailed calculations,

please refer to appendices F, G, H and L.

Table 10: NPVs of Scenarios One to Four

Scenario 1 | 100% Equity 0% Debt Subsidies not considered 58,926
Scenario 2 | 100% Equity 0% Debt Subsidies considered 386,942
Scenario 3 | 30% Equity 70% Debt Subsidies not considered 381,246
Scenario 4 | 30% Equity 70% Debt Subsidies considered 709,261

Source: Own illustration
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4.9. Analysis of Hypothesis 1

The main finding of this chapter is that the scenarios excluding subsidies lead to a
much lower NPV than scenarios with the same financing structure but without subsi-
dies scenarios two and four. As mentioned before, the project will be exercised as
soon as NPV at least equals zero. The main reason for the difference lies in subsidy
payments, which do not occur in scenarios one and three. Although NPV is positive

for all scenarios, this shows the project’s strong dependence on subsidies.

As a consequence, Gram Vikas should only invest in the project if it is sure to re-
ceive the full amount of subsidies. Nevertheless, the risk of not obtaining the second
installment of subsidy payments remains, as explained in section 4.4. All other equal,
if the second installment and subsidies for maintenance are not received, this has a
strong effect on NPV of scenarios two and four. NPV for scenario two finally turns
negative from 386,942 Rs to -20,725 Rs. For scenario four, NPV declines strongly as
well, however remains positive with 301,595 Rs. This amount is even below NPV of
scenario three due to the lower plant price paid by the farmers. Therefore, Gram
Vikas should only invest in the project if it is sure to receive the full amount of sub-
sidies and should make sure to fulfill the requirements of NBMMP explained above.
An alternative to mitigate this risk might also be a risk transfer to the farmers. This
means that households should pay a risk premium for the risk of missing future sub-
sidy payments. As a consequence, plant related subsidies should not be entirely de-
ducted from price. However, this might lead to affordability problems for farmers

which will be explained in the following chapter.

A comparison between the two scenarios with the highest NPVs, scenarios two and
four, shows that the leveraged project leads to a superior NPV. This is due to credit
disbursement in period zero and to a lower interest rate for loans compared to equity.
Of course, without discounting, the disbursement would be equalized by redemption.
Thus, as NPV considers the time value of money, the disbursement of period zero is
worth more than the repayment of periods one to seven. Gram Vikas should therefore

decide to lever the project company.

In a nutshell, financing the biogas plant project is profitable for the newly established

project company over the plants’ useful life of 15 years if Gram Vikas levers the pro-
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ject company with 70% debt and makes sure to receive all future subsidy payments

by fulfilling the requirements of NBMMP.
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5. Feasibility for Households

This chapter assesses the ability of the farmers to afford and finance the biogas plant
provided through the project company. Income of rural households is compared to
the expenses further taking into account monetary benefits generated through the use

of the plant.

For generating income from biogas which is measured in cost savings the biogas
output and the substitution effect can be monetized. Additionally, saved time for
children and women is taken into consideration since it can be used to generate addi-
tional household income. Furthermore, the biogas plant produces high-quality ferti-
lizer, which allows farmers to save money on chemical fertilizer further generating
monetary benefits. In the next step, expenses that occur to the farmer are analyzed.
First, the financing possibilities for the farmer are examined and thereafter the occur-
ring expenses of the loan with or without subsidies are calculated. Expenses for op-
eration and maintenance of the plant and the opportunity cost for land are added to
receive the total expenditures that apply to the farmer. Finally, a comparison of the
overall income to the overall expenses is given and the affordability of the plant for

rural households is assessed.

5.1. General Overview over the Project Village

The following section describes the main findings regarding the project village. Cli-
matic circumstances as well as population and livestock conditions for the rural vil-
lage of Bhabinarayanpur are given. Due to lack of reliable recent data on rural villag-

es in India, historical figures are used which are adjusted to the present situation.

An agriculture-based village is a typical unit in rural India and can therefore be con-
sidered as an individual ecosystem. However, this individual ecosystem is not inde-
pendent from the external environment. Rural households import energy whenever
they cannot cover their demand of energy with wood, kerosene or electricity

(Nisanka and Misra, 1990).

The rural area chosen for the project is located in the state of Orissa, east India.
Through its costal location at the Bay of Bengal, the tropical climatic conditions are

influenced by the sea. Orissa has an average rainfall of roughly 150 cm? per year per
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m?, which is relatively high compared to other Indian states and therefore a minor
problem with water supply (Orissa Tourism, 2012; Nisanka and Misra, 1990;
Ravindranath & Chanakya, 1986). According to Gutterer and Sasse (1993), farmers
either have own wells or the village uses a common well. More than 96% of villages

have access to piped water supply (Government of Orissa, 2012).

The regarded community has a population of 830 inhabitants which are distributed
between 137 households. Each household consists of at least six members. These
numbers have been projected starting with a basis of 593 inhabitants in 1986
(Nisanka and Misra, 1990) assuming average rural population growth rates of 1.30%

and 1.28% between 1986 and 2012 in Orissa, (seeTable 11).

Table 11: Population Development in Bhabinarayanpur, Orissa

1986 1990 1995 2000 2005 2010 2012
Population 593 624.94 667.28 712.50 759.59 809.46 830.32
Households 98 103.28 110.28 117.75 125.53  133.77 137.22
Persons per household 6.05 6.05 6.05 6.05 6.05 6.05 6.05

assumed population growth rates
1986 - 2001 1.32%
2002 - 2012 1.28%

Source: own illustration based on Nisanka and Misra (1990); Growth rates: Government of Orissa
(2004); Office of the Registrar General & Census Commissioner (2011)

Cash income per household is generated through cultivating and selling agricultural
products such as rice, pulses, oilseeds, vegetables, groundnut, cotton, jute, coconut,
spices, potato and fruits (IBEF, 2010, p.61). In Orissa, the average rural per capita
income amounts to 3,096 Rs per year (National Council of Applied Economic Re-
search, 2011) and it is assumed that the inhabitants of Bhabinarayanpur earn the av-
erage income of the respective state. According to the report of the National Council
of Applied Economic Research (2011), the annual household income is 15,000 Rs.
Beside the cash income; rural inhabitants have further assets such as livestock and

land.

According to projections assuming that average growth rates of 1.30% and 1.28%
between 1986 and 2012 in Orissa apply to Bhabinarayanpur, the village counts 154
bullocks, 18 male and 95 female buffaloes, 223 cows, 686 sheep and 101 goats. Ad-

ditionally, several small animals such as poultry and pigs are given (Table 12).
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Table 12: Livestock development in Bhabinarayanpur, Orissa
Livestock 1986 1990 1995 2000 2005 2010 2012
bullocks 110 116 124 132 141 150 154
male buffaloes 13 14 15 16 17 18 18
female buffaloes 68 72 77 82 87 93 95
cows 159 168 179 191 204 217 223
sheep 490 516 551 589 628 669 686
goats 72 76 81 87 92 98 101
pigs 30 32 34 36 38 41 42
poultry birds 35 37 39 42 45 48 49

Source: own illustration based on Nisanka and Misra (1990); Growth rates: Government of Orissa
(2004); Office of the Registrar General & Census Commissioner (2011)

Rural inhabitants and animals produce 3.17 million tons of manure per year which

equals an average of 62.7 kg per household per day. Since the dung collection of free

grazing cattle is difficult and the manure produced during free-range husbandry times

cannot be collected in liquid form, farmers can overcome these difficulties and use
the night soils to fill the biogas plant. According to NABARD (2012), one bullock
produces 14 kg night soils per day. The total manure produced by bullocks is
2,156kg per day which sums up to (2,156kg*365d) 787,049 kg per year since they
digest every night of the year. The similar procedure was applied to all other animals

and to the population of Bhabinarayanpur (Table 13).

Table 13: Manure resulting from this livestock

kg manure kg manure kg manure
Livestock 2012 perday perdaytotal peryeartotal
bullocks 154 14.0 2156.3 787,049.3
male buffaloes 18 15.0 273.0 99,658.8
female buffaloes 95 15.0 1428.2 521,292.4
cows 223 10.0 2226.3 812,602.8
sheep 686 3.0 2058.3 751,274.3
goats 101 1.0 100.8 36,797.1
pigs 42 2.5 105.0 38,330.3
poultry birds 49 0.2 9.8 3,577.5
humans 830 0.4 332.0 121,180.0
total 1,368 61 8,690 3,171,762.5,
persons 830 10.47 kg/d
families 138 62.79 kg/d

Source: own illustration based on NABARD (2012)
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Due to the use of night soils, it is assumed that collection is undertaken efficiently

and a 100% - 62.79 kg - of generated dung can be used to run the biogas plant.

The inhabitants of the village have 124.89 ha of land available (Nisanka and Misra,
1990). This equals 1,248,910 m? That means, on average every inhabitant owns
about 1,506 m?. One household therefore holds on average 9,036 m? of land. The
total land has 98.12% terrestrial and 1.88% aquatic entities The cultivated terrestrial
land that is used for income generation trough farming accounts for 94.44%, hence
117.94 ha in the village are used for growing cereals, pulses, oil seeds, fruits and
nuts. Each inhabitant therefore has 1,421 m? of cultivated farming land for generating

income and each household has 8,526 m? (Nisanka and Misra, 1990).

Figure 3: Land-use of Bhabinarayanpur
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Working hours per household needed for cultivating and farming as well as supply-
ing the household with energy amounts to 11.78 h per household based on the avail-
able annual working hours according to Bhagavan and Giriappa (1995). Due to the
fact that work is undertaken every day in the agricultural sector, annual working
hours are divided by 365 days in order to derive daily working hours. Table 14
shows that female household members work more than male household members.

Additionally, it is common that children are also involved in daily work
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Table 14: Working hours and time spend in the rural household

Average number  Available Available Available
Working of working working hours working hours working hours
hours persons peryear per day per day/person
Adult male 2.05 3950 10.82 5.28
Adult female 2.20 4000 10.96 4,98
Child 1.80 1000 2.74 1.52
Total 6.05 8950 24.52 11.78

Source: own illustration based on Bhagavan and Giriappa (1995)

Assuming that females and children spend half of their available working hours per
day on collecting wood and dried dung for ensuring fuel energy for heating and
cooking and that males spend 10% of their available working hours per day (Bajgain,
& Shakya, 2005; Greenpowerindia, 2012), the following efforts for energy genera-

tion can be derived:

Table 15: Working hours and time spend on energy purposes

Average number Former needed working hours Former needed working hours
of working for energy generation for energy generation
persons pp/day household/day
Adult male 2.00 0.53 1.08
Adult female 2.00 2.74 5.48
Child 2.00 0.68 1.37
Total 6.00 3.95 7.93

Source: own illustration based on Bhagavan and Giriappa (1995); Greenpowerindia (2012)
As seen in Table 15, males spend 1.08 h a day for energy generation whereas females
spend 5.48 h per day. Children do also help to generate energy and the total effort of

the household sums up to 7.93 hours per day for energy generation.

The above mentioned results are used in the following to generate calculations for

assessing the affordability of biogas plants for rural households in Bhabinarayanpur.
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5.2. Income Generation

In this section, the income that is generated through the operation of a biogas plant is
evaluated. First, cash saved through own production of biogas and the need to pur-
chase external energy is assessed. Thereafter, the monetary benefit of saved time is
evaluated and subsequently the monetary benefit of the own produced high-quality

fertilizer is identified.

5.2.1. Monetary Benefit through Biogas

In this section, monetary benefits that could be generated by using biogas instead of
fuels such as kerosene are evaluated. Therefore it is analyzed if the manure available
is sufficient to cover rural household needs, thereafter the utilization rate of the plant
is assessed in order to receive the gas yield that is generated. This gas yield is com-

pared to the monetary value of the gas and to former expenses for energy generation.

As mentioned in chapter 3.2.3, to cover the daily domestic energy consumption
needed for cooking and heating, a need of 7,225.34 GJ per year is given (see Table
16). This can be compared to a household energy need of 10.68 kg in manure per

day.

In order to receive the daily household need derived from the overall village need,
conversions are made. The village has an energy need that equals 7.225 million KJ.
Assuming that from 1 g manure a 50% methane content biogas can be produced with
an energy value 13 KJ (as mentioned in chapter 3.2.3), the amount of manure needed
to cover the domestic energy needs for one year is 539.2 tons. Scaled down to the
daily need, this results in 1,477 kilos for the whole village. Since the village has 138
households, one household therefore would need 10.68 kg per day to cover the do-

mestic energy need for cooking and heating.

Table 16: Energy consumption, manure need and biogas yield per household

Consumption

| Village | Domestic
need 7,225.34 Gl/yr 1GJ 1,000,000.0 KJ
7,225,340,000 KJ/yr
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| Village | Manure |

assumption lg equals 13 KJ (50% Methane content)
need 539,204,478 g/yr
539,204 kg/yr 1kg 1000 g
1,477 kg/d lyr 365 d

| Family | Manure

assumption lvillage equals 138 families
need 10.68 kg/d

Source: own illustration based on Reddy and Ravindranath (1987)

The need of 10.68 kg per day can be satisfied since a household has on average 62.7
kg manure per day as described in chapter 5.1. Furthermore, a household has more
than five times more manure for energy generation than required. As a consequence,
it is possible to cover other consumption sectors such as lighting energy needs as
long as they can get access to the biogas produced through the biogas plant. Since the
family will have two biogas lamps installed and the manure is sufficient, they can use

generated biogas for lighting as well.

In order to utilize the 4 m? family sized biogas plant at full capacity (100%), a total
of six cattle is required (NABARD, 2012). One cattle produces 14 kg a day, hence
six cattle produce 84 kg manure per day. Since rural households in Bhabinarayanpur
have on average 62.7 kg manure per day available, the biogas plant will not perma-
nently be utilized at full capacity of a 100%. On average the plant will operate at
three-fourth (74.64 %) of full capacity Even though the plant does not run at full ca-
pacity, energy needs of rural households are covered. Additionally, farmers can use
dried dung or crop waste material during farming season or biodegradable household
waste throughout the year to run the biogas plant. The average capacity of the plant

can be increased and consequently biogas output as well.

According to NABARD (2012), 1 kg manure is equivalent to 0.04 m? biogas. Since a
household has 62.7 kg manure available per day, it equals to 2.5 m? biogas produced
per day. According to Aapkes et al (2011), biogas needs in rural India amounts to

0.132 m? for cooking and to 0.836 m?* for heating up water per day. Therefore, the
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produced biogas is sufficient to cover domestic energy needs. Additionally, one bio-
gas lamp requires 0.5 m?® biogas per day (Gutterer and Sasse, 1993). Hence, the two
biogas lamps installed in a household require 1 m?® biogas per day. In total, daily bio-

gas demand per household lies at 1.968 m?.

Other sources such as Plochl and Heiermann (2006) state that a 4 m*® biogas plant
generates biogas of 2 m® per day due to low efficiency in rural areas. The benefit
would respectively be lower. Even though a plant working less efficient the energy

needs of a rural household could be met.

Rubab and Kandpal (1995) state that the benefit of a biogas plant has to be evaluated
in terms of monetary value of the energy source. According to NABARD (2012), 1
m? biogas has a monetary value of 2.3 Rs. Therefore, the daily produced 2.5 m? bio-
gas have a value of 5.77 Rs. This implies that monthly production amounts to 173 Rs

and annual biogas production to 2,077 Rs (see Table 17).

Table 17: Monetary benefit from biogas production

manure (kg) biogas (m3) income Rs

Cost of biogas 1.00 2.30
Energy value of manure 1.00 0.04

Total per day 62.70 2.51 5.77
Total per month (30days) 1,881.00 75.24 173.05
Total per year (12 months) 22,572.00 902.88 2,076.62

Source: own illustration based on NABARD (2012)

Since the biogas produced is used by farmers and injecting surplus into grid is not
feasible due to the missing connection in many rural areas of Orissa, the amount of

2,076 Rs is a reference value only and no real income generated.

In the next step, the overall monetary benefit through the use of the biogas plant is
evaluated while comparing it to formerly used sources of energy. Rubab and Kandpal
(1995) compare the monetary value of the produced biogas with the monetary value

of formerly used sources of energy in order to evaluate that benefit.

Since most farmers own cattle and land, they do not pay for the source of energy

such as dung and agro-waste. Furthermore, forests and woodlands are regarded as
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free goods such as air and water, which require no payments for their use or re-
placement (Nordhaus and Samuelson, 2010). Since farmers pay nothing for the use
of wood, dung and agro-waste, they cannot generate a monetary benefit by substitut-
ing it. Nevertheless, households can save money by substituting expenses for light-
ing. They illuminate the house formerly with kerosene and can now use the newly

purchased biogas lamps.

According to Reddy and Ravindranath (1987), rural energy needs of the village
Bhabinarayanpur for lighting lies at 202.08 GJ per year (see chapter 3.2.3). For the
benefit calculation, the given GJ are converted to 202,080 MJ, since Rubab and
Kandpal (1995) provide their prices in Rs per MJ. The 1995 unit prices per MJ from
Rubab and Kandpal (1995) are inflation adjusted for 17 years. 1 MJ energy from
kerosene cost 1995 0.43 Rs and 2012 1.34 Rs (0.43 Rs * 1.0693'7). Calculating with
this inflation adjusted price, the village of 138 households would consume energy for
lighting from kerosene of 271,447 Rs per year. Therefore, one household consumes
energy for lighting of 1,967 Rs per year. These former monetary expenses for kero-
sene can now be substituted and the monetary benefit of using biogas for lighting is

1,967 Rs per household and year (Table 18).

Table 18: Former costs for lighting energy production

2012 2012 1995 2012 2012 2012

Energy need Energy need Price of energy Price of energy Price of energy Price of energy

in GJ/year in Ml/year Rs/MJ Rs/MJ Rs/year Rs/year

village village village household

Kerosene 202.08 202,080 0.43 1.34 271,447 1,967

Source: own illustration based on Reddy and Ravindranath (1987); Rubab and Kandpal (1995)

These former monetary expenses for kerosene of 1,967 Rs per household and year
can now be substituted though the use of biogas for lighting. Monetary benefits are
derived through saved energy expenses (Table 18).

5.2.2. Monetary Benefit through Saved Time

A rural household can also generate monetary benefit through time savings for en-
ergy generation. Saved time can be used for income generating activities which can

be undertaken from home.
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The current time a rural household spends on energy generation amounts to 7.93
hours per day as mentioned in chapter 5.1. Females and children spend half of their
available working hours per day on collecting wood and dried dung to ensure energy
for heating and cooking. According to Greenpowerindia (2012), this task can con-
sume between two to four hours per day. Males spend less time on energy generation
and need about 10% of their available working hours. The total effort is shared be-
tween the two male household members with 0.53 h a day and the two female house-
hold members with 2.74 h a day. The two children account for 0.76 h per day (com-

pare Table 14 chapter 5.1, working hours and time spend on energy purposes).

The annual household income amounts to 15,000 Rs (National Council of Applied
Economic Research, 2011). For the calculation of income per hour and household
member, it is assumed that adults earn an amount equivalent to the annual per capita
income and that children earn the spread income. When calculating an income per
hour ratio for each household member, the income is compared to the annual avail-

able working hours per year as it can be seen in Table 19.

Table 19: Earnings per hour for the rural household

Average Available Earned
number working hours Earnedincome  income per
of persons peryear per family/year hour
Adult male 2.00 7900 Rs. 6,192 Rs. 0.78
Adult female 2.00 8000 Rs. 6,192 Rs. 0.77
Child 2.00 2000 Rs. 2,616 Rs. 1.31
Total 6.00 17900 Rs. 15,000 Rs. 0.84

Source: own illustration based on Bhagavan and Giriappa (1995); National Council of Applied Eco-
nomic Research (2011)

Males on average earn 0.78 Rs per hour, whereas females earn 0.77 Rs per hour and
children earn 1.31 Rs per hour. Children have a comparatively high income, since a
minimum working effort according to Bhagavan and Giriappa (1995) is assumed and
their earnings constitute the leftover amount of household income to the adult’s in-
come per year. Due to the unreliability of the data of the per capita income accounted
to children, it will be exempt from the following calculations. With the installation
and operation of the biogas plant, the household saves time for income generation

since the females and children do no longer need to collect wood and dried dung for
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energy generation. According to Lawbuary (2012), a regular supply of biogas energy
piped to the home removes the daily task of fuel wood gathering.

According to Rubab and Kandpal (1995), the time required for daily work on a fami-
ly sized biogas plant approximates to half an hour per day. work includes the collec-
tion and transportation manure and of water as well as mixing the substrate and feed-
ing the plant (Kossmann, Poenits, and Habermehl, 1997¢). Additionally, half an hour
is needed for cleaning and maintaining the plant, (NABARD, 2012).

Table 20: Working hours needed for biogas energy generation

Former needed Former needed New needed New needed Total time
Average working hours working hours working hours  working hours saved
number for energy for energy for biogas plant for biogas plant through
of working generation generation operation operation biogas

persons pp/day household/day pp/day family/day operation
Adult male 2.00 0.53 1.08 0.00 0.00 1.08
Adult female 2.00 2.74 5.48 0.50 1.00 4.48
Child 2.00 0.68 1.37 0.00 0.00 137
Total 6.00 3.95 7.93 0.50 1.00 6.93

Source: own illustration based on Bhagavan and Giriappa (1995)

Females are mainly responsible for energy generation. According to Myles (2002),
the operation and maintenance of the biogas plant is also undertaken by women,
which receive training and technical support in order to operate the plant. This goes
in line with the results of Bajgain and Shakya (2005), which report that using biogas
saves three hours per day for a woman. One household saves up to 6.93 hours per
day through the implementation of the biogas plant. Of this, males save 1.08 h and
females save 4.48 h per day. Children save 1.37 hours, as it seen in Table 20.

In total, men will save 394.2 hours per year (1.08 h * 365 d), women save 1,635.2 h
per year (4.48 h * 365 d). According to Greenpowerindia (2012), the average annual
time savings for firewood collection and cooking in India approximates to 1,000 h
per household provided with a biogas plant. In the case of the biogas project for
Bhabinarayanpur, time savings amount to 2,029.2 h per household in one year, which
is above average. Children will have 500 additional hours per year (1.37 h * 365)
(Greenpowerindia, 2012).
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Table 21: Monetary value of time saved through biogas plant operation

Time saved in h Monetary benefitin Rs Monetary benefitin Rs
through biogas plant through biogas plant through biogas plant
operation operation operation
per household/day per household/day per household/year
Adult male 1.08 0.85 309.60
Adult female 4.48 3.47 1,265.49
Child 1.37 1.79 654.00
Total 6.93 6.11 2,229.09

Source: own illustration based on Bhagavan and Giriappa (1995); National Council of Applied Eco-
nomic Research (2011)

One household would generate a monetary benefit of 6.11 Rs per day and 2,229 Rs
per year (as seen in Table 21). Since children are neglected, the monetary benefit
through time savings for energy generation per rural household will be 1,545.09 Rs
per year, with a share of 309.60 Rs arising from the males and 1,265.49 Rs arising

from the females.

5.2.3. Monetary Benefit through Fertilizer

The effluents that are produced through the operation of a biogas plant is a biode-
gradable fertilizer (Reddy and Ravindranath, 1987). Biological fertilizers that come
from a biogas plants have superior nutrient content and has also a pesticidal effect

without the harmful effects of pesticides (Vasudeo, 2004).

Through this higher share of NH3, the fermented manure has similar characteristics
to mineral fertilizer (Flaig, 1998). The generated biodegradable fertilizer resulting
from the operation of the 4 m® biogas plant can therefore substitute the formerly pur-
chased chemical mineral fertilizers (Greenpowerindia, 2012; NABARD, 2012).
Therefore, the digested manure is of monetary value when it is applied in agriculture

(NABARD, 2012).

According to NABARD (2012), a 1 m® biogas plant generates two tons composted
manure per year and five tons of refuse that can be used as fertilizer. Since the fam-
ily-sized biogas plant consists of 4 m?, the output amounts to eight tons of composted
manure and 20 tons of refuse. According to OWDM (2011), five tons of fertilizer is
needed per season to prepare one ha land and imposing the soil structure. Since one
household owns 8,526 m? of land, equalling to 0.85 ha of fertilizer generated through

operation of a family-sized biogas plant of 4 m?, agricultural needs are covered.
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Rubab and Kandpal (1995) state that the benefit accruing to the user from the utiliza-
tion of digested manure has to be quantified in market prices of mineral fertilizers.
According to NABARD (2012), the annually two tons composted manure and five
tons of refuse per 1 m® have a market price of 1,000 Rs per year. For the biogas
plants in Bhabinarayanpur, the annual monetary benefit generated through the plant
will be 4,000 Rs Furthermore, the productive use of organic fertilizer can generate
better returns for farmers further increasing crop yield (Dahiya and Vasudevan,

2003). .

5.3. Microfinancing

The literature extensively deals with projects solely financed through donor institu-
tions and via subsidies by the federal and state government of India. The aim of this
section is to show a more sustainable way of fully or partly self-financed projects by

households within a rural village.

The aim of microfinance is to provide access to finance for the poor and very poor
that are usually neglected by formal financial intuitions such as “[...] commercial
banks, credit unions, rural banks, and other financial institutions, which are subject to
public and private oversight and regulation” (Sundaresan, 2008, p.2). Services of-
fered besides microloans include insurances, saving accounts, or money transfers
(RBI, 2011). According to the Reserve Bank of India (RBI) the following character-
izes micro financing: borrowers belong to a low-income group, small loan amounts
are provided, which are given without any collateral (RBI, 2011). Income generating
purposes ought to be the main reason for microloans, yet loans can as well be used
for construction and house- maintaining purposes. Finally, the tenure of the loan
must be short and the frequency of repayment much higher than for loans with com-

mercial banks.

Lending institutions in the microfinance industry mainly target households “[...]
whose annual income does not exceed [...] 50,000” Rs (RBI, 2011, p.5). As shown in
section 3.1.2. the average household income in rural parts of Orissa approximates to
about 15,000 Rs, which lies well in the income range of the borrower group micro-
finance tries to target (National Council of Applied Economic Research, 2011). The
size of a loan ranges between 10,000 Rs and 15,000 Rs, some can go up to 50,000 Rs
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for special purposes such as housing and education (RBI, 2011). In case the project
fails to receive subsidies, the maximum amount households in the respective village
have to borrow amounts to 27,350 Rs, which can be financed via a microloan. The
sum of 27,350 Rs. includes the turnkey fee for the biogas plant and the price for a
new stove, two biogas lamps, pipes and a gas storage tank. Interest rates according to
the RBI report (2011) in the microfinance sector vary between an average effective
interest rate of 28.73% charged by smaller for-profit Microfinance Institutions (MFI)
up to 36.79% charged by larger for-profit MFIs, “[...] calculated on the mean of the
outstanding loan portfolio as at [...] March 2009 and [...] March 2010 [...]” (RBI,
2011, p.11). Interest rates charged by for-profit MFIs are given since they reflect one

of the highest in the microfinance industry.

5.3.1. Group Lending

Group lending still is the most common form to provide access to financial products
to the poor and very poor in India (Johnson and Meka, 2010). “The key feature of
group lending is joint liability. This says that all group members are treated as being
in default if any one member of the group does not repay the loan” (Besley and
Coate, 1995, p.2). This forces members to cross-guarantee for each other in case one
group associate defaults. Moreover, group lending allows lenders to enforce social
collateral, especially in absence of tangible collaterals. Borrowers will fear social
sanctions by fellow borrowers within the community if they cannot fulfil their loan
requirements. Due to the strong interdependence of people within a community, so-

cial sanctions want to be avoided at any cost (Besley and Coate, 1995).

Due to joint liability given in group lending and small microloans poor households
are provided with, the project company chose to use microfinance in form of group
lending. The following paragraphs give a short overview of the two main forms of

group lending used in India, SHGs and JLGs.

SHGs, established by the NABARD under the SHG Bank Linkage Programme in the
early 1990s, enjoy a long tradition in India and usually consist of 10 to 15 people -

mainly women - that lend from banks such as Regional Rural Banks or other com-
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mercial banks under the instruction of the RBI’. Allocation of the loan amount is
based on the decision of group members and repayments are usually undertaken on a
weekly basis, yet not all members will receive a loan at the same time and also have
to build up specific amount of savings before they receive a loan through the SHG.
All SHG members must cross- guarantee the loan if one member cannot repay the
weekly instalment. Banks that lend to SHGs are usually given financial incentives by
the NABARD. By 2010, 2.8 million SHGs were established in India (Johnson and
Meka, 2010).

Due to the large group size common for SHGs and the choice of loan disbursement
within the group, the use of SHGs is not pursued in this paper. SHG are mainly used
for community-owned biogas plant and cannot be reliably used for family-size bio-

gas plants as used in this case.

JLGs consist of up to five members which are “[...] jointly responsible for all group
members’ repayments” (Johnson and Meka, 2010, p.11). Each member receives an
individual loan, mainly through MFIs, but cross-guarantees other group members’
loans. This allows to better match individual lending needs. Repayment of loans is
undertaken on a weekly base starting one to two weeks after loan disbursement.
Weekly collections are seen as a way to provide financing to the poor and decrease
default rates in absence of collaterals. Borrowers usually receive their loan through a
loan officer working for the MFI, which allows building up an individual credit his-
tory, whereas SHGs can only build up a group credit history (Johnson and Meka,
2010; Field and Pande, 2007).

Payments shortly starting after the loan disbursement are an aspect in financing a
biogas plant that can be fulfilled due to the ability to derive gas from it 30 days after
installation. However, the tenure of the loan must be adjusted to a period that allows
households to repay in small monthly instalments. Since a JLG allows households to
receive an individual loan that is backed up through the group cross- guarantee, a
microloan provided through the project company given to a JLG is a better alterna-

tive in this case compared to a loan given to a SHG. Since the project company di-

7 Regional Rural Bank: “[S]pecial type of commercial bank with an explicit mandate to focus on rural
operations”, which are partly owned by the federal and state government, as well as by single com-
mercial banks (Johnson and Meka, 2010, p. 10).
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rectly provides households with a JLG-loan, borrowers build up a credit history with

the project company and not with a loan officer as mentioned above.

5.3.2. Loan Calculation

Poor households, mainly working in the agricultural sector, have difficulties to afford
buying such a biogas plant with cash; hence a need of outside financing is given
(Coninck et al., 2005). In order to finance the biogas plant in a more sustainable way
than through subsidies and grants only, the newly founded project company provides
households in the respective village with microloans, using JLGs to compensate for
the risk that occurs due to the lack of collateral. NGOs besides commercial banks and
NBFCs MFIs are allowed to lend to JLGs as published in the report concerning
guidelines for financing joint liability groups of tenant farmers (NABARD, 2006).
The project company qualifies as a NGO based on the Societies Registration Act of
1860. In addition, the project company will work together with an external consultant
that is specialized in microfinance in order to gain more expertise in this field. With
the help of the external consultant the newly founded project company does not only
provide microloans to households, but also collect them after offering specialized

training to their employees.

The following section introduces the reader to the general loan terms that apply to
the microloan provided to households in the respective village through the project
company and the differences that can occur in case the project fails to raise subsidies
provided through the NBMMP. Hence, two possible outcomes in relation to the total

loan amount can exist which are illustrated in scenario one and two.

The loan calculation is based on an annuity calculation, which “[...] is an asset that
pays a fixed sum each [...] [period] for a specified number of years” (Brealey, Myers,
and Allen, 2011, p.56). Additionally, the loan provided to households will be a long
—term loan, which is a loan with a duration of more than four years as stated by Grill
and Perczynski (2007). The loan for the biogas plant will be paid back over a period
of five years as suggested by Khandelwal (2008). Shorter durations are regularly
practiced in microfinance, yet in the case of the biogas plant, this would this would

put too high of a burden on borrowers. Moreover, the duration of the loan will be



Feasibility for Households 53

shorter than the useful life (15 years) of the plant, common practice in financing do-

mestic biogas plants (Kossmann, Poenits, and Habermehl, 1997c¢).

Loans provided to private households are derived from an external financial mean,
the RIDF. Even though funds are received through an external source, the credit risk
- in case private households default - still lies with the project company and not with
the Finance Department of the state Orissa or the NABARD implementing the RIDF
loan. According to Grill and Perczynski (2007), the credit risk for a loan to the end-
customer (households in rural Orissa) provided through a public program remains

with the issuer of the loan, the project company.

The nominal annual interest rate of the microloan amounts to 12% p.a. based on a
field study undertaken by Khandelwal (2008). This interest rate is significantly
smaller than what large and small MFIs directly charge their customers.® Due to the
significantly high inflation rate in India of 6.93% p.a., the real interest rate will also
be considered. If the formula referring to the Fisher’s theory introduced in 4.3 is

solved for the real interest rate (r), one derives,

_1+i
1+ 7

(1 =nominal interest rate, r = real interest rate, © = inflation)

r

After providing the formula with the nominal interest rate (i) and inflation (), one

receives the annual real interest rate for the microloan to private households:

. 1+0.12
1+ 0.0693
r= 4.74%p.a.
The real interest rate of 4.74% p.a. substantially lies below the annual Indian infla-
tion rate of 6.93% p.a.. Due to the non-profit aspect of the biogas project such low

real interest rates can occur.

Repayment will start 30 days after installation of the plant when the first gas can be
derived as explained in chapter 3.2.5., hence the first payment starts at end of period

one. Repayments will be undertaken monthly and a total of 60 periods will exist (5

¥ For a detailed discussion on interest rates in microfinance, see chapter 5.3.1. above
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years * 12 months per yr). In microfinance loan repayments are usually done on a
weekly base as introduced above, yet for this project they will be on a monthly base
in order to help lenders to be more flexible. Due to the fact that earnings from farm-
ing activities are the main income source for most households in the respective vil-
lage, weekly payments can easily pressure famer’s ability to pay since earnings
might differ from week to week. Additionally, monthly collections also lower admin-
istrative costs for the project company compared to weekly collections. Even though,
weekly repayment instalments are seen as a key feature in microfinance, a study un-
dertaken by Field and Pande (2007) came to the result that “[...] switching from
weekly to monthly instalments did not affect client repayment capacity” (Field and

Pande, 2007, p.5).

Due to lack of collateral, some bank keep subsidies as interest-free deposits for the
time period equal to the maturity of the loan (Khandelwal, 2008). In this case no de-
posits are kept as a security due to joint liability in group lending, which allows for
cross-guarantees of group members to pay each other loan instalments in case of de-

fault.

Since the loan is repaid not yearly, but on a monthly base the actual interest rate
charged, the effective interest rate differs from the annual interest rate quoted. In the
loan terms, the quoted annual nominal interest rate is 12% p.a., yet due to monthly
amortization the effective nominal interest rate is higher amounting to 12.68% p.a..
Hence, in reality borrowers are not charged a rate of 12% of nominal interest p.a., but
an effective nominal interest rate of 12.68% p.a. (For detailed calculation see Appen-

dix L)

For the annuity calculation the periodical (monthly) payments (C) have to be derived,
which the borrower (private household) has to pay in order to amortize the loan at the
end of each month, beginning at the end of the first month of plant utilization. The
PV formula of annuity can be used in order to receive the monthly payment rate. The
following states that the PV of annuity, the amount that needs to be borrowed in or-
der to repay the interest and the principal, is the sum of the periodical payments (C)
multiplied by the annuity factor for the respective total periods (60 payment periods):
1 1

[ = Xl----——
PV of annuity = C i T IxA+Dt
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and the annuity factor:
. . 1 1
n — Period — Annuity Factor = T m
(n = number of total periods required to amortize loan; i = discount rate)

If the formula is solved for C, one derives:

(C)Monthly Payment = PV of annuity

n—Period—Annutiy Factor

(Brealey, Myers, and Allen, 2011)

In the following two scenarios the monthly payments households are require to pay
in order to amortize the loan are given. Scenario one looks at the case if no subsidies
are given and households in the respective village need to finance the plant on their

own, whereas scenario two takes subsidies into consideration.
Scenario 1: No subsidies, 100% debt financed through microloan

If the project fails to raise subsidy under the NBMMP, the borrower (rural house-
hold) must bear the total turnkey fees for the plant, the new stove and the biogas
lamps on their own, in total 27,350 Rs. By putting the above introduced loan terms
and the total amount required into the annuity factor formula introduced above, one

derives:

1

01z~ 0.12 0.12

60 — Period — Annuity Factor =

60 — Period — Annuity Factor = 44.96

By adding the 60 - period- annuity factor into the PV of annuity formula solved for

C, one derives the monthly payments that are required to amortize the loan:

27,350 Rs

(C)Monthly Payment = 1490

(C)Monthly Payment = 608.39 Rs

(For detailed calculation see Appendix M)
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Each household needs to pay 608.39 Rs per month over a period of five years in or-
der to fully amortize the loan given through the project company in the absence of
subsidies. If the average household in rural Orissa can afford the loan and will be
able to repay the monthly instalments in a timely manner will be assessed in chapter

5.5.
Scenario 2: Approximately 52% subsidies, 48% debt financed through microloan

If the full amount of subsidy can be received (14,305 Rs per plant), the financing
structure changes substantially. In this case, farmers need to finance approximately
48% of the total costs including the turnkey fee for the plant and the new stove on
their own. The total amount of debt that needs to be raised then amounts to 13,045

Rs.

Since the payment terms and the interest rate do not change, the 60 — period annuity

factor remains as in scenario one.
60 — Period — Annuity Factor = 44.96

However, due to the different debt needs the monthly amortization amount changes
substantially. By adding the 60 - period- annuity factor into the PV of annuity for-
mula solved for C, one derives the monthly payments that are required to amortize

the loan:

13,045 Rs

(C)Monthly Payment = 2290

(C)Monthly Payment = 290.18 Rs

(For detailed calculation see Appendix N)

If households receive subsidies, the loan amount will be diminished as well as the
monthly payments required to be paid over five years. Households will need to pay
290.18 Rs each month for five years to amortize the loan. As for Scenario one, the

affordability of the loan for households in rural Orissa is assessed in chapter 5.5.
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5.4. Expenses

In addition to financing expenses through the loan, operating expenses such as, run-
ning costs as well as maintenance costs occur. Furthermore, the marginal cost of the
disuse of farming land for the area where the biogas plant is installed should be taken

into account.

5.4.1. Expenses through Operation of the Plant

In order to ensure the required gas yields and the appropriate operation of the biogas
plant, the feeding mixture consisting of manure and water has to be produced proper-
ly. According to NABARD (2012), the mixture ratio can be 50:50. As mentioned in
chapter 5.1., one household has 62.7 kg manure available per day. Therefore, a need
of 62.7 1 of water to produce the mixture is given. When the user of the plant uses
dried dung cakes or crop waste to increase the gas yield, the water need will be re-

spectively higher.

With a daily water need of 62.7 1, the annual water need equals 22.9 m* (Table 22).
According to Nisanka and Misra (1990), a rural household owns 1.88% of an aquatic
entity such as a canal, a pond and ditches. This share represents 170.1 m? on average.
If the average depth of these aquatic entities is 1 meter, the available amount of water
amounts to 170 m*. However, this total amount of water from aquatic entities is

needed for cooking; irritating the fields and feeding the biogas plant.

Even if average rainfall of 150 cm? per square meter is taken into consideration the
total amount of 225.9 1 water which equals 0.2 m* would not be sufficient to cover

the water needs of the biogas plant operation (Ravindranath and Chanakya, 1986).

Farmers need additional water sources for the operation of the plant. As mentioned
before farmers own a well, or share a community well in their village (Gutterer and

Sasse, 1993). This can be one source of water.
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Table 22: Water needs and resources in Bhabinarayanpur

Water needs

Manure per day kg 62.7
Water need per day | 62.7
Water need per year | 22,885.5
Water need per year m3 22.9,
Water resources

Aquatic land per village m? 23,479.5
Aquatic land per household m? 170.1
Annual rainfall cm3/m? 150.0
Annual rainfall per household cm? 225,900.0
Annual rainfall per household I 225.9
Annual rainfall per household m3 0.2

Source: own illustration based on Nisanka and Misra (1990); Ravindranath and Chanakya (1986)

As mentioned in chapter 5.1., more than 96% of villages have access to piped water
(Government of Orissa, 2012). The fair price for 1 m? water is 9 Rs in 2006
(Indiatogether, 2006). Taking inflation into account, the fair price of water amounts
to 13.45 Rs per 1 m? in 2012 (9 Rs * 1.0693°). Therefore, farmers may have expenses
0f 309.35 Rs (13.45 Rs * 23 m? for piped water if they feed the plant with piped wa-

ter only.

Additional expenses for maintenance that occur amount to 1,500 Rs in the first year
as described in chapter 4.6. The farmers should use the offered maintenance in order
to ensure the proper operation of the plant for its whole lifetime of 15 years (Gutterer

and Sasse, 1993; Kossmann, Poenits, and Habermehl, 1997b).

Annual expenses for water of 309.35 Rs and for maintenance of 1,500 Rs underlie
price increases due to inflation adjustment and are therefore given for the initial year
of operation only. According to a study by Vasudeo (2004), the farmers had a higher
crop yield through using the fertilizer from the biogas plant. Farmers might therefore

generate additional income due to increased output.
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5.4.2. Expenses through Disuse of Farming Land

The opportunity cost of the disuse of farming land for the area where the biogas plant
is installed should be taken into account. Therefore, income per m? for farming land
needs to be evaluated as well as the space needed to set up the plant.. Following this,
the opportunity expenses occurring through the disuse of farming land can be calcu-

lated.

The villagers of Bhabinarayanpur use 117.94 ha for growing cereals, pulses, oil
seeds, fruits and nuts (Nisanka and Misra, 1990). Hence, each of the 830 habitants has
1,421m? of cultivated farming land for generating income. A household with six hab-

itants therefore has 8,526m? farming land.

With an annual per capita income of 3,096 Rs per year (National Council of Applied
Economic Research, 2011), earnings for a m? ratio can be assessed. For an individual
habitant this ratio amounts to 2.18 Rs per square meter per year. Disuse of 1m? farm-

ing land would cost 2.18 Rs per inhabitant.

Since the average household income in Orissa is 15,000 Rs (National Council of Ap-
plied Economic Research, 2011) and one household owns 8,526 m? of farming land,

the earnings per m? ratio would be 1.76 Rs per m? per year (see Table 23).

Table 23: Income per m? farming land

Land/Income

Land m? per capita 1,421
Income per capita Rs. 3,096
Income per m? total per capita Rs. 2.18
Land m? per family 8,526
Income per family Rs. 15,000
Income per m? total per family Rs. 1.76,

Source 1: own illustration based on NABARD (2012); Gutterer and Sasse (1993)

According to Gutterer and Sasse (1993) a household fixed-dome plant requires an
area of about 7 by 4 meters during construction. Thereafter, the plant will need 5 m?
(Gutterer and Sasse, 1993). Additionally, 22.8 meters are required to run the gas ca-
ble into the users house (NABARD, 2012). Consequently, harvesting land might be
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affected and must be included into the calculation. In total, used space through the

plant will amount to 27.8 m?.

Taking the above mentioned earnings per m?, farmers have 48.91 Rs less in earnings

through disuse of farming land (Table 24).

Table 24: Annual lost earnings through the disuse of farming land

Annual cost for using the biogas plant

piping area 22.8 m Rs. 40.11
plant environment 5 m? Rs. 8.80
Total annual cost Rs. 48.91

Source: own illustration based on NABARD (2012); Gutterer and Sasse (1993)

These costs are opportunity costs for the operation of the biogas plant since the farm-
ing land on which the biogas plant is installed cannot be used for agricultural pur-
pose. These costs need to be considered when calculating the affordability of the

plant for farmers.

5.5. Analysis of Hypothesis 2

The following section analyses if households within the respective village are able to
operate and maintain the biogas plant and if they are able to finance the biogas plant
on their own. This analysis is first carried out without the regard of subsidies and
secondly in combination with it. It shall be proven if a household’s monetary benefits
obtained through the plant installation and operation can cover loan costs, operation

and maintenance cost, as well as opportunity costs of farmland disuse.

Monetary benefits from operating the biogas plant occurring to household are of
different origin. On the one hand, a household saves a specific amount of cash per
year that is otherwise needed to purchase kerosene for lighting (202.08 GJ per year).
By using biogas farmers will illuminate their homes with biogas lamps. On the other
hand, a household could generate additional income due to saved time of 6.93 h per
day. Females will benefit most from the operation of a biogas plant since they save
5.48 h per day due to the omission of dung collection. Time that is saved can be used
for further income generating activities women can carry out from their homes. Ad-

ditionally, a household saves cash that was formerly used for the purchase of chemi-
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cal mineral fertilizer for their 0.85 ha farming land, which is no longer needed be-
cause the biogas plant operation generates effluents which can be used as high quali-

ty fertilizer.

Monetary expenses that occur to a household through the operation of the biogas
plant will occur due to the additional annual water consumption of 23 m? of piped
water, the annual cost for maintenance to ensure the functionality of the plant over
the useful life of 15 years and the disuse of 27.8 m? farming land where the biogas

plant is installed.

Since costs for kerosene, for chemical mineral fertilizer, and for water and mainte-
nance increase parallel to the inflation rate, monetary benefits and expenses need to
be adjusted to the yearly 6.93 % inflation rate. Additional income that is generated
through the operation of a biogas plant needs to be adjusted too in order to balance
purchasing power to the price increase. In Table 25, the monetary benefits and ex-

penses can be seen for the loan period of five years.

Table 25: Monetary evaluation of feasibility for farmers; years 1 - 5

|Period 1 2 3 4 5
Monetary benefit of biogas for lighting 1,967.00 2,103.31 2,249.07 2,404.93 2,571.60
Monetary benefit of saved time

& additional income generation 1,545.09 1,652.16 1,766.66 1,889.09 2,020.00
Monetary benefit from fertilizer substitution 4,000.00 4,277.20 4,573.61 4,890.56 5,229.48

Total monetary benefit 7,512.09 8,032.68 8,589.34 9,184.58  9,821.08
Expenses for loan w/o subsidies 7,300.63 7,300.63 7,300.63 7,300.63 7,300.63
Expenses for loan with subsidies 3,482.15 3,482.15 3,482.15 3,482.15 3,482.15
Expenses for the operation (water) 309.35 330.79 353.71 378.22 404.43
Expenses for disuse of farming land 1,500.00 1,603.95 1,715.10 1,833.96 1,961.05
Expenses for maintenance 48.91 52.30 55.92 59.80 63.94
Total expenses w/o subsidies 9,158.89 9,287.67 9,425.37 9,572.61 9,730.06
Total expenses with subsidies 5,340.41 5,469.18 5,606.88 5,754.13 5,911.58
Overall w/o subsidies -1,646.80 -1,254.99 -836.02 -388.03 91.02
Overall with subsidies 2,171.68 2,563.49 2,982.46 3,430.45 3,909.50

Source: own illustration based on data from chapter 5.2. — 5.4.

The microloan a farmer receives through the project company would require monthly
repayments over the period of five years. If the project company does not qualify for
subsidies under the NBMMP the loan amount provided to a farmer will automatical-
ly be higher than without subsidies. As seen in Table 25 above, farmers have to bear
7,300.63 Rs per year throughout the duration of the loan without subsidies. With the
support under NBMMP, the yearly amount is reduced to 3,482.15 Rs. Since the in-
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terest rate charged uses the nominal interest rate, hence inflation is already consid-
ered, the loan amount charged to farmers remains the same over the period of five

years.

The overall analysis shows, that households have to bear a negative income of 1,647
Rs per year in case the project company does not qualify for subsidies. Therefore the
operation of the biogas plant is not feasible for farmers since they cannot afford addi-
tional costs up to 11 % of their annual household income (1,647 Rs / 15,000 Rs =
10.98 %).

However, with subsidies farmers can afford the operation of the biogas plant and are
able to finance the loan. The overall annual income after deducting costs is 2,172 Rs
which would be 14 % of their annual household income (2,172 / 15,000 = 14.48 %)).
Farmers might also afford the plant throughout the years, if females would not find
additional employment and the household would not generate more income through

saved time (2,172 Rs — 1,545 Rs = 627 Rs).

After the five year period in which the loan needs to be repaid, rural families have
additional income equivalent to the amount of monetary benefits minus monetary
expenses. The figures are displayed in Table 26. It can be seen, that after 15 years, a

farmer can generate up to 14,446 Rs additional income.

Table 26: Monetary evaluation of feasibility for farmers; years 6 - 15

Period 6 7 8 9 10 11 12 13 14 15
Monetary benefit of biogas for lighting 2,749.81  2,940.37 3,14414  3,362.02  3,595.01  3,844.15 4,110.55 4,395.41 4,700.01  5,025.72
Monetary benefit of saved time

& additional income generation 2,159.99  2,309.68  2,469.74  2,640.89  2,823.90 3,019.60 3,228.86 3,452.62 3,691.88  3,947.73
Monetary benefit from fertilizer substitution 5,591.88 5,979.40 6,393.77 6,836.86 7,310.65 7,817.28 8,359.02 8,938.30 9,557.72  10,220.07
Total monetary benefit 10,501.68 11,229.44 12,007.64 12,839.77 13,729.57 14,681.03 15,698.42 16,786.32 17,949.62 19,193.52
Expenses for the operation (water) 432.46 462.43 494.48 528.75 565.39 604.57 646.47 691.27 739.17 790.39
Expenses for disuse of farming land 2,096.95 2,242.27  2,397.66  2,563.82  2,741.49  2,931.48 3,134.63 3,351.86  3,584.15  3,832.53
Expenses for maintenance 68.37 73.11 78.18 83.60 89.39 95.59 102.21 109.29 116.87 124.97
Total w/o subsidi 2,597.79  2,777.82  2,970.32  3,176.16 _ 3,396.27  3,631.63  3,883.31  4,152.42  4,440.18  4,747.89
Total expenses with subsidies 2,597.79 2,777.82  2,970.32  3,176.16  3,396.27  3,631.63  3,883.31 4,152.42  4,440.18  4,747.89
Overall 7,903.88  8,451.62 9,037.32  9,663.61 10,333.30 11,049.39 11,815.12 12,633.90 13,509.43 14,445.64

Source: own illustration based on data from chapter 5.2. — 5.4

Since the data is based on the study by Nisanka and Misra (1990) and the village
Bhabinarayanpur may have developed different to the assumed projections it is rec-
ommendable to renew the study to receive current results and to provide clear evi-

dence about the feasibility of the biogas plant for farmers in Bhabinarayanpur.
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6. Non-Financial Benefits

The third hypothesis theoretically assesses to what extent the biogas plant derives
non-monetary benefits for households in the respective village. These benefits in-
clude improved health benefits, social benefits in education and gender empower-

ment, and local environmental benefits.

6.1. Health benefits

As outlined in a report of the organization Unicef (2011), indoor air pollution is a
major concern in India. There are four major sources which cause indoor air pollu-
tion and out of those, combustion products have the strongest negative influence on
pollution (Indian council of medical research, 2001). These combustion products
especially arise when burning biomass, the most important energy source in the ab-
sence of more efficient energy sources such as a biogas plant. Indoor air pollution
causes several diseases as tuberculosis and pneumonia which is especially a threat
for children up to the age of five years. There are more than 135,672 cases of death
per year among children up to five years due to strong indoor air pollution (Unicef,
2011). The report of United Nations Development Programme (2011) shows that in
2004 there were 435 deaths per million people due to indoor air pollution. Therefore,
India is ranked 32 out of 187 countries which have the highest rate of deaths per mil-
lion people, this number could be reduced as there are several technologies available
to decrease indoor air pollution such as the installation of a biogas plant. The national
family health survey, based on 260,162 households conducted in 1992, proves that
people of 20 or older that live in households mainly burning biomass have a higher
tendency to get tuberculosis (Mishra, Retherford and Smith, 1999). In rural areas, the
prevalence of tuberculosis due to biomass fuels is higher with 950 incidents out of

100,000 people compared to urban areas with 835 incidents out of 100,000 people.

CMS India (2006) conducted a survey in 2005/2006 with 300 households in Nepal
which made use of biogas and compared the amount of diseases before and after the
installation of a biogas plant. The results show that the usage of biogas especially

decreases the number of respiratory diseases for women, children and men.
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Furthermore, the project company ensures the proper functioning of the biogas plant.
As explained in Chapter 3.2.5, biomass is metabolized in the fermenter in order to
produce biogas. It is ensured that the vessel is air- and waterproof and therefore, a
proper anaerobic biological process is possible and the gases from biomass cannot
escape. Hence, personal safety is guaranteed for women mainly working on biogas
plants. Tasks such as the collection of firewood can as well be reduced, mainly bene-
fiting women and children. In addition, the project company guarantees regular re-
pair and maintenance of the biogas plant over the complete lifetime which ensures

the proper functioning of the plant.

6.2. Social benefits

Additional benefits which can be achieved are social benefits. These social benefits
can positively influence overall education levels as well as improve the overall situa-

tion of women.
Education

The usage of biogas saves time due to the fact that no dried dung or fuel wood has to
be collected which normally takes half of available working hours per day of women
and children (Bajgain, and Shakya, 2005). As seen in table 14, men save 1.08 hour
per day, women save 4.48 hours per day and children 1.37 hours per day through the
operation of the plant. In total, one household saves up to 6.93 hours per day. The

time children save can be used to focus more on education.

A survey of the National Council of Applied Economic Research (2011) shows that
the literacy rate of men in Orissa lies at 80%, whereas the literacy rate among women
amounts to 57%. The average literacy rate for the total population of Orissa lies at
68.5%. India has an average of 79% literacy among men and 58% among women
which is on average 68.5%. Thus, almost one third of the total Indian population as
well as one third of the population in Orissa cannot read and write. Moreover, ap-
proximately 19% of men and 41% of women in Orissa from seven years onwards
have never been enrolled in a primary school. The Indian average for people who
have never been enrolled in a primary school is at 20% for men and 40% for women.

As shown in the United Nations Development Programme (2011) the average rate of
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years of schooling in India approximately to 4.4 years in 2011, whereas the expected
years of schooling should amount to 10.3 years. In Norway, which has the highest
ratio of years of schooling, mean years of schooling is at 12.6 years compared to 17.3
expected years of schooling. The ratio for mean years of schooling is relatively low
in India which is a reason why the illiteracy rate is so high and simultaneously also

decreases the HDI.

Since children save time of 1.37 hours per day due to the installment of the biogas
plant, they might be able to attend school and focus on their education, which as well
increases the rate of mean years in schooling. In the long-run, this could have a posi-
tive effect on the HDI of the village since educational status is improved (CMS India,
2006). Nevertheless, it has to be emphasized that education in India is not for free
and if children can go to school depends as well on the ability of families to pay tui-

tion fees (Mukhopadhyay, Ramkumar and Vasavi, 2009).
Gender benefits

As outlined by Gram Vikas (2012d), patriarchal dominance especially exists in rural
areas in Orissa. Early marriage and sole ownership of property by men are two as-
pects of this patriarchal system. Mainly women work on the biogas plant as they are
responsible for kitchen related tasks (Bajgain, and Shakya, 2005). Therefore, it is

important to assess the impact to gender related issues as well.

First of all, as there is less time needed in the kitchen for preparing meals (see table
14), other activities can be undertaken. The kitchen can be used as a drawing or fami-
ly room and in several households, the family can gather together in the kitchen and
women can participate actively in family discussions which increase their participa-
tion in decision making (Bajgain, and Shakya, 2005). The study of CMS India (2006)
shows activities carried out by women during their saved time as they spend less
time in the kitchen. Women attend literacy classes, learn how to read and write, do

social work and care about their children.

In addition, women also found that cooperation among family members and neigh-
bors increased due to the installation of the biogas plant as the status of the plant is

discussed as well as problems related to the plant (CMS, India, 2006). Therefore, it



Non-Financial Benefits 66

can be said that the installation also gives an impulse for change in the social envi-

ronment of women.

6.3. Local Environmental Benefits

The installation of the biogas plant also puts less burden on the environment as it is a
renewable energy source. As described above, the quality of indoor air in homes in-
creases with the usage of biogas. In addition, since less firewood is needed, defor-
estation is reduced. An average biogas plant saves more than two tons of firewood

per year (CMS India, 2006).

According to Engler, Jordan, McFarland and Lacewell (1997), another benefit of
biogas is that it does not produce greenhouse gases. When producing biomass, poor
people mainly make use of biofuels as for instance animal dung and firewood. Due to
an incomplete combustion, several gases as methane and carbon monoxide are re-
leased which has a negative impact on the environment (Indian council of medical
research, 2001). As already explained in Chapter 3.2.5, biogas consists of methane
(CHy) and carbon dioxide (CO;) as well as parts of oxygen, nitrogen and some other
trace gases. Methane is more severe than carbon dioxide and the biogas captures me-
thane and uses it as a fuel (Engler, Jordan, McFarland and Lacewell, 1997). This
prevents that methane goes in the atmosphere, an additional benefit for the environ-

ment.

6.4. Analysis of Hypothesis 3

The main findings of this chapter are that a biogas plant generates several non-
financial benefits in form of health benefits, social benefits and local environmental
benefits. These results derive from several studies which assess the non-financial
benefits by conducting surveys with households that make use of a biogas plant

(CMS India, 2006; Bajgain, and Shakya, 2005).

By considering these benefits, Gram Vikas should allocate the project company with
equity, which in turn provides rural farmers with biogas plants since it benefits
households in a rural village. Nevertheless, it has to be emphasized, that positive

changes need some time to develop and cannot be achieved within a short period of
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time. The installation of the biogas plant solely gives an impulse for change and does

not change the overall situation of households.
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7. Conclusion

The research carried out within this paper shows that the three hypotheses mentioned
at the beginning can at least partially be proven. The project is profitable over the
plants’ entire useful life if subsidies and debt financing are considered. Farmers can
afford the plant purchase, the operation and maintenance if subsidies are given. The
project derives non-financial benefits in form of health, social and local environmen-

tal benefits.

Nevertheless, several limitations of the project emerge. The first one lies within the
dependence on subsidies. As already mentioned above, the project is only financea-
ble for Gram Vikas if the full amount of subsidy payments is received. The same
applies for the affordability of the biogas plants for households as they are only able

to finance a lower price deducted through the implementation of subsidies.

It clearly has to be pointed out that the undertaken research can only be applied to
non-profit projects. For profit-oriented companies and organizations, different input
data has to be considered which might lead to different results. These differences in
input data lie for example in the RIDF loan. Due to the non-profit character of the
project, the project company is able to raise debt at a low interest rate, which would
not be possible for a commercial project. These aspects deteriorate profitability and a

different approach needs to be chosen for a profit-oriented project company.

Limitations arise not only within research results. The research is based on numerous
data collected within field studies from the beginning of the 1990s. This data has
been adjusted to current levels taking into account inflation and population develop-
ment. Hence, this cannot give a thorough and completely reliable picture of the pre-

sent situation and can therefore be seen as a basis for further research. .

As a last aspect, it has to be mentioned that the project not improve the overall situa-
tion of households, least of all the situation of the entire village. The implementation
of biogas plants in Bhabinarayanpur can however give an impulse to individual
households in a very specific field of action. In the scope of energy supply, the paper
showed that households can profit from the project. It should therefore be exercised

under the conditions presented in this paper.
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Appendix A: Description of the NGO Gram Vikas

Gram Vikas was founded in 1979 and currently operates in the Indian states of
Orissa, Madhya Pradesh, Jharkhand, and Andhra Pradesh. Gram Vikas is well repre-
sented in the state of Orissa with its head office in Mohuda Village near Berhampur,
Orissa. Additionally, the NGO has 25 field offices throughout the state and currently
employs 424 people as of March 2011 (Gram Vikas, 2011).

The founding NGO Gram Vikas was registered under the Indian Societies Registra-
tion Act of 1860 on January 22, 1979 (Gram Vikas 2012a). This act can be imple-
mented in all states of India. Any organization registered under the above stated act
is a society with any charitable purpose. Moreover, any profits remaining at the end
of the operating year shall not be spread to its members in any form if registered un-
der the Indian Societies Registration Act of 1860 (USIG 2012b; Times of India,
2012).

Gram Vikas states that its mission is “[t]o promote processes which are sustainable,
socially inclusive, and gender equitable; to enable critical masses of poor and mar-
ginalised rural people to achieve a dignified quality of life” (Gram Vikas, 2011, p.4).
In order to allow people to achieve a dignified quality of life Gram Vikas supports
projects that improve community and family infrastructure and enable access to en-
ergy sources. Moreover, it promotes sustainable use of natural resources, enables
“[...] access to basic education, protected water supply, [and to] sanitation and ade-
quate health services” (Gram Vikas 2011, p.4). Support of Self Help Groups (SHG)
by providing “[...] basic record keeping and financial training [...]” as well as link-

ing them to local banks for microloans is also given (Gram Vikas 2012c).

The NGO started installing biogas plants in the state Orissa in 1986 and withdrew
from this field in 1995-96 (Gram Vikas, 2012b). During the period of biogas plant
installations, Gram Vikas provided over 54,000 plants to nearly 6000 rural communi-
ties in Orissa. Most of those plants were installed between 1986-92, and held a ca-
pacity of two to three m® qualifying as family size plants. The projects were mainly
supported through the National Project on Biogas Development, which was launched
under the Ministry of Non-Conventional Energy Sources in 1981-82 (Planning

Commission Government of India, 2002). Besides the installation of biogas plants,
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Gram Vikas has promoted the installation of gravity flow water supplies, smokeless

chullahs — a traditional stove, solar applications, and micro-hydro projects (Gram
Vikas 2012b).
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Appendix B: India inflation rate

% 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Jan 6.97 9.21 542 13.71 13.07 8 864 947 9.69 10.41 629 1532 0 3.23 521 396 286 463 531 672 551 9.7 1497 947 7.5
Feb 821 938 945 803 545 1609 12.87 57 913 989 9 1111 971 938 22 323 521 297 481 459 439 672 551 1045 1622 93 6.6
Mrz 887 837 918 86 6.06 1543 13.37 524 996 9.81 859 10.76 9.14 864 3.33 323 521 3.96 381 3.67 531 7.56 547 9.63 14.86 882 6.95
Apr 825 7.52 977 8.68 663 13.56 13.93 6.11 9.88 9.74 8.87 10.03 826 895 562 213 521 3.96 3.81 3.67 531 672 7.87 803 14.86 8.82 6.89
Mai 85 7.47 1042 7.9 7.78 12.22 1436 6.06 9.8 9.67 9.83 9.26 819 836 556 211 412 495 283 459 526 6.67 7.81 87 1333 9.41 7.23
Jun 853 7.99 967 806 7.69 12.09 14.71 513 10.57 1029 9.33 7.32 1051 771 556 211 515 49 28 3.64 614 661 7.75 863 13.91 8.72
Jul 858 8.66 937 7.7 882 12.97 1292 593 10.8 1047 8.82 661 1239 526 4.4 421 404 3.88 374 27 7.89 569 7.69 9.29 13.73 8.62
Aug 862 838 981 6.66 9.83 13.23 13.08 4.55 11.07 11.39 831 56 148 3.16 435 417 4 3.85 37 357 69 645 833 11.89 11.25 8.43
Sep 874 9.52 87 7.23 92 1421 11.52 579 10.94 10.92 8.89 4.66 15.04 3.37 435 521 396 2.86 4.63 3.54 598 7.26 9.02 11.72 9.88 8.99
Okt 9.21 1021 819 7.65 852 1571 9.95 6.58 11.2 10.07 852 4.94 1634 2.2 323 417 5 2.86 463 3.54 684 64 977 1164 9.82 9.72
Nov 9.6 9.49 977 539 10.8 1436 9.42 7.38 10.31 10.38 846 549 1863 0 3.19 412 3.96 3.81 459 351 7.63 551 1045 11.49 9.7 9.73
Dez 9.84 91 97 476 125 13.64 844 861 9.81 1031 872 487 1967 0 211 515 392 2.83 367 531 672 551 1045 1351 833 9.1

8.66 8.735 9.457 7.285 7.778 13.94 12.3 6.257 10.18 10.2 8.919 7.588 12.41 6.029 3.658 3.589 4.583 3.733 3.823 3.913 6.14 6.485 7.969 10.39 12.57 9.094 7.034

Average from 1996 to 2011: 6.93%

(The average of the last 15 years is chosen to estimate average inflation for the future 15 years, which is equal to the project's lifetime.)

Source: Trading Economics (2012)
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Appendix C: Fixed dome biogas plant system

Gas collecter,
Biogas fixed dome

Waste

automatic
overflow

1. Mixing tank with inlet pipe and sand trap, 2. Digester. 3. Compensation and removal tank. 4. Gas-
holder. 5. Gaspipe. 6. Entry hatch, with gastight seal. 7. Accumulation of thick sludge. 8. Outlet pipe.
9. Reference level. 10. Supernatant scum, broken up by varying level.

Source: Kossmann, Poenits and Habermehl (1997b)

Appendix D: The State Orissa, India

JHARAKHAND

WEST BENGAL

CHHATISHGARH

Chandipur

Orissa

BHUBANESWAR *

Gopalpur-on-sea

Source: Orissa Tourism (2012)



Appendices XXV

Appendix E: Construction time biogas plant

Activity Days
Selection of Site

Marking of Layout 1
Digging of Pit

Laying of Foundation 1
Digester canstruction

Construction of outlet chamber in Deenbandhu model 4

Fixation of guide frame in case of floating drum KVIC or Pragati Model
Plastering 2
Curing of construction

5
Laying of gas distribution pipeline, fixing accessories, ect.
Slurry making to fill the digestor 2
Testing for gas leakages 1

Source: Acara (2012)

15 days construction time — 5 days curing results in 10 days for working on site
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Appendix F: Economic Viability of Scenario 1
Balance Sheet
Period 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Assets
Cash 633,514 875,106 1,147,215 1,453,631 1,798,615 2,186,966 2,211,408 2,237,850 2,266,431 2,297,300 2,330,614 2,366,544 2,405,270 2,446,987 2,491,901 2,540,235
Accounts receivable 1,270,655 1,007,434 710,829 376,609 0 0 0 0 0 0 0 0 0 0 0
Inventories 649,275 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total Assets 1,282,789 2,145,761 2,154,649 2,164,460 2,175,224 2,186,966 2,211,408 2,237,850 2,266,431 2,297,300 2,330,614 2,366,544 2,405,270 2,446,987 2,491,901 2,540,235
Equity and Liabilities
Total equity 1,282,789 2,145,761 2,154,649 2,164,460 2,175,224 2,186,966 2,211,408 2,237,850 2,266,431 2,297,300 2,330,614 2,366,544 2,405,270 2,446,987 2,491,901 2,540,235
Capital stock 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000
Profit/Loss of the year -317,211 862,971 8,888 9,811 10,764 11,742 24,442 26,442 28,581 30,868 33314 35,930 38,726 41,717 44,915 48,334
Accumulated profit/loss -317,211 545,761 554,649 564,460 575,224 586,966 611,408 637,850 666,431 697,300 730,614 766,544 805,270 846,987 891,901
Liabilities 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total Equiy and Liabilities 1,282,789 2,145,761 2,154,649 2,164,460 2,175,224 2,186,966 2,211,408 2,237,850 2,266,431 2,297,300 2,330,614 2,366,544 2,405,270 2,446,987 2,491,901 2,540,235
Profit and Loss Statement
Period 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Revenue 0.00 1,586,750.00 88,218.28 94,332.91 100,871.36 107,863.01 115,339.26 123,333.71 131,882.28 141,023.37 150,798.06 161,250.25 172,426.90 184,378.24 197,157.96 210,823.47
CoGS -301,510.00 -711,131.67 -66,144.11 -70,728.72 -75,631.10 -80,873.29 -86,478.82 -92,472.88 -98,882.40 -105,736.19 -113,065.03 -120,901.85 -129,281.86 -138,242.71 -147,824.66 -158,070.75
Gross Profit -301,510.00 875,618.33 22,074.17 23,604.19 25,240.26 26,989.72 28,860.45 30,860.84 32,999.88 35,287.18 37,733.02 40,348.39 43,145.04 46,135.53 49,333.30 52,752.72
SG&A -15,700.61 -15,700.61 -15,700.61 -15,700.61 -15,700.61 -15,700.61 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73
EBITDA -317,210.61 859,917.72 6,373.57 7,903.58 9,539.65 11,289.11 24,441.71 26,442.10 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
Depr./Amort. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EBIT -317,210.61 859,917.72 6,373.57 7,903.58 9,539.65 11,289.11 24,441.71 26,442.10 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
Financial income (interest) 0.00 3,053.44 2,514.79 1,907.83 1,223.88 453.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EBT -317,210.61 862,971.16 8,888.35 9,811.41 10,763.53 11,742.31 24,441.71 26,442.10 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
Tax expenses 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Net income -317,210.61 862,971.16 8,888.35 9,811.41 10,763.53 11,742.31 24,441.71 26,442.10 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
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FCFE and NPV Calculation

Period 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Netincome -317,210.61 862,971.16 8,888.35 9,811.41 10,763.53 11,742.31 24,441.71 26,442.10 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98

Depreciation 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Investment in fixed assets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Investment in Working Capital -649,275.00 -621,379.65 263,221.09 296,604.11 334,220.94 376,608.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Net borrowing 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

FCFE -966,485.61 241,591.51 272,109.44 306,415.52 344,984.47 388,350.83 24,441.71 26,442.10 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98

PV of FCFE -966,485.61 206,453.18 198,711.69 191,218.75 183,975.15 176,979.83 9,518.56 8,799.85 8,128.28 7,501.95 6,918.78 6,376.64 5,873.34 5,406.67 4,974.46 4,574.58

NPV 58,926.10|

Appendix G: Economic Viability of Scenario 2
Balance Sheet

Period 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Assets
Cash 1,041,902 1,606,605 1,750,726 1,912,009 2,092,544 2,294,916 2,319,357 2,345,800 2,374,381 2,405,249 2,438,563 2,474,493 2,513,219 2,554,936 2,599,851 2,648,185
Accounts receivable 606,058 480,511 339,041 179,629 0 0 0 0 0 0 0 0 0 0 0
Inventories 649,275 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total Assets 1,691,177 2,212,663 2,231,237 2,251,050 2,272,173 2,294,916 2,319,357 2,345,800 2,374,381 2,405,249 2,438,563 2,474,493 2,513,219 2,554,936 2,599,851 2,648,185

Equity and Liabilities

Total equity 1,691,177 2,212,663 2,231,237 2,251,050 2,272,173 2,294,916 2,319,357 2,345,800 2,374,381 2,405,249 2,438,563 2,474,493 2,513,219 2,554,936 2,599,851 2,648,185
Capital stock 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000 1,600,000
Profit/Loss of the year 91,177 521,487 18,573 19,814 21,123 22,742 24,442 26,442 28,581 30,868 33,314 35,930 38726 41,717 44,915 48,334
Accumulated profit/loss 91,177 612,663 631,237 651,050 672,173 694,916 719,357 745,800 774,381 805,249 838,563 874,493 913,219 954,936 999,851

Liabilities 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total Equiy and Liabilities 1,691,177 2,212,663 2,231,237 2,251,050 2,272,173 2,294,916 2,319,357 2,345,800 2,374,381 2,405,249 2,438,563 2,474,493 2,513,219 2,554,936 2,599,851 2,648,185
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Profit and Loss Statement

Period 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Revenue 408,387.50 1,246,862.50 99,218.28 105,332.91 111,871.36 118,863.01 115,339.26 123,333.71 131,882.28 141,023.37 150,798.06 161,250.25 172,426.90 184,378.24 197,157.96 210,823.47
CoGS -301,510.00 -711,131.67 -66,144.11 -70,728.72 -75,631.10 -80,873.29 -86,478.82 -92,472.88 -98,882.40 -105,736.19 -113,065.03 -120,901.85 -129,281.86 -138,242.71 -147,824.66 -158,070.75
Gross Profit 106,877.50 535,730.83 33,074.17 34,604.19 36,240.26  37,989.72 28,860.45 30,860.84 32,999.88 35,287.18 37,733.02 40,348.39 43,145.04 46,135.53  49,333.30 52,752.72
SG&A -15,700.61 -15,700.61 -15,700.61 -15,700.61 -15,700.61 -15,700.61 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73
EBITDA 91,176.89 520,030.22 17,373.57 18,903.58 20,539.65 22,289.11 24,441.71 26,442.10 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
Depr./Amort. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EBIT 91,176.89 520,030.22 17,373.57 18,903.58 20,539.65 22,289.11 24,441.71 26,442.10 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
Financial income (interest) 0.00 1,456.38 1,199.47 909.97 583.75 453.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EBT 91,176.89 521,486.61 18,573.03 19,813.55 21,123.40 22,742.31 24,441.71 26,442.10 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
Tax expenses 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Net income 91,176.89 521,486.61 18,573.03 19,813.55 21,123.40 22,742.31 24,441.71 26,442.10 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
FCFE and NPV Calculation

Period 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Netincome 91,176.89 521,486.61 18,573.03 19,813.55 21,123.40 22,742.31 24,441.71 26,442.10 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
Depreciation 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Investment in fixed assets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Investment in Working Capital -649,275.00 43,216.87 125,547.32 141,469.86 159,411.78 179,629.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Net borrowing 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FCFE -558,098.11 564,703.48 144,120.35 161,283.41 180,535.17 202,371.49 24,441.71 26,442.10 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
PV of FCFE -558,098.11 482,570.05 105,245.88 100,648.99 96,276.76 92,225.04 9,518.56 8,799.85 8,128.28 7,501.95 6,918.78 6,376.64 5,873.34 5,406.67 4,974.46 4,574.58
NPV 386,941.72]
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Appendix H: Economic Viability of Scenario 3
Balance Sheet
Period 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Assets
Cash 633,514 671,622 740,247 843,179 984,679 1,169,546 990,504 813,462 842,043 872,911 906,225 942,155 980,881 1,022,598 1,067,513 1,115,847
Accounts receivable 0 1,270,655 1,007,434 710,829 376,609 0 0 0 0 0 0 0 0 0 0 0
Inventories 649,275 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total Assets 1,282,789 1,942,276 1,747,681 1,554,008 1,361,288 1,169,546 990,504 813,462 842,043 872,911 906,225 942,155 980,881 1,022,598 1,067,513 1,115,847
Equity and Liabilities
Total equity 162,789 950,912 894,213 848,363 814,106 792,236 795,294 813,462 842,043 872,911 906,225 942,155 980,881 1,022,598 1,067,513 1,115,847
Capital stock 480,000 480,000 480,000 480,000 480,000 480,000 480,000 480,000 480,000 480,000 480,000 480,000 480,000 480,000 480,000 480,000
Profit/Loss of the year -317,211 788,123 -56,700 -45,850 -34,256 -21,870 3,058 18,167 28,581 30,868 33314 35,930 38,726 41,717 44,915 48,334
Accumulated profit/loss -317,211 470,912 414,213 368,363 334,106 312,236 315,294 333,462 362,043 392,911 426,225 462,155 500,881 542,598 587,513
Liabilities 1,120,000 991,364 853,468 705,645 547,181 377,310 195,209 0 0 0 0 0 0 0 0 0
Total Equiy and Liabilities 1,282,789 1,942,276 1,747,681 1,554,008 1,361,288 1,169,546 990,504 813,462 842,043 872,911 906,225 942,155 980,881 1,022,598 1,067,513 1,115,847
Profit and Loss Statement
Period 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Revenue 0.00 1,586,750.00 88,218.28 94,332.91 100,871.36 107,863.01 115,339.26 123,333.71 131,882.28 141,023.37 150,798.06 161,250.25 172,426.90 184,378.24 197,157.96 210,823.47
CoGS -301,510.00 -711,131.67 -66,144.11 -70,728.72 -75,631.10 -80,873.29 -86,478.82 -92,472.88 -98,882.40 -105,736.19 -113,065.03 -120,901.85 -129,281.86 -138,242.71 -147,824.66 -158,070.75
Gross Profit -301,510.00 875,618.33 22,074.17 23,604.19 25,240.26  26,989.72  28,860.45 30,860.84 32,999.88 35,287.18 37,733.02 40,348.39 43,145.04 46,135.53  49,333.30 52,752.72
SG&A -15,700.61 -15,700.61 -15,700.61 -15,700.61 -15,700.61 -15,700.61 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73
EBITDA -317,210.61 859,917.72 6,373.57 7,903.58 9,539.65 11,289.11 24,441.71 26,442.10 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
Depr./Amort. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EBIT -317,210.61 859,917.72 6,373.57 7,903.58 9,539.65 11,289.11 24,441.71 26,442.10 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
Financial income (interest) 0.00 -71,794.83 -63,073.29 -53,753.45 -43,795.98 -33,159.20 -21,383.75 -8,274.77 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EBT -317,210.61 788,122.89 -56,699.73 -45,849.87 -34,256.34 -21,870.09 3,057.97 18,167.33 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
Tax expenses 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Net income -317,210.61 788,122.89 -56,699.73 -45,849.87 -34,256.34 -21,870.09 3,057.97 18,167.33 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
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FCFE and NPV Calculation
Period 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Netincome -317,210.61 788,122.89 -56,699.73 -45,849.87 -34,256.34 -21,870.09 3,057.97 18,167.33 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
Depreciation 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Investment in fixed assets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Investment in Working Capital -649,275.00 -621,379.65 263,221.09 296,604.11 334,220.94 376,608.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Net borrowing 1,120,000.00 -128,635.79 -137,895.98 -147,822.78 -158,464.19 -169,871.66 -182,100.31 -195,209.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FCFE 153,514.39 38,107.45 68,625.38 102,931.46 141,500.41 184,866.77 -179,042.35 -177,041.96 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
PV of FCFE 153,514.39 32,564.91 50,114.64 64,234.42 75,460.09 84,247.76 -69,726.07 -58,919.02 8,128.28 7,501.95 6,918.78 6,376.64 5,873.34 5,406.67 4,974.46 4,574.58
NPV 381,245.81
Appendix I: Economic Viability of Scenario 4
Balance Sheet
Period 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Assets
Cash 1,041,902 1,403,121 1,343,758 1,301,557 1,278,608 1,277,495 1,098,453 921,411 949,992 980,861 1,014,175 1,050,105 1,088,831 1,130,548 1,175,462 1,223,796
Accounts receivable 0 606,058 480,511 339,041 179,629 0 0 0 0 0 0 0 0 0 0 0
Inventories 649,275 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total Assets 1,691,177 2,009,179 1,824,268 1,640,598 1,458,237 1,277,495 1,098,453 921,411 949,992 980,861 1,014,175 1,050,105 1,088,831 1,130,548 1,175,462 1,223,796
Equity and Liabilities
Total equity 571,177 1,017,815 970,800 934,952 911,056 900,186 903,244 921,411 949,992 980,861 1,014,175 1,050,105 1,088,831 1,130,548 1,175,462 1,223,796
Capital stock 480,000 480,000 480,000 480,000 480,000 480,000 480,000 480,000 480,000 480,000 480,000 480,000 480,000 480,000 480,000 480,000
Profit/Loss of the year 91,177 446,638 -47,015 -35,848 -23,896 -10,870 3,058 18,167 28,581 30,868 33,314 35,930 38,726 41,717 44,915 48,334
Accumulated profit/loss 91,177 537,815 490,800 454,952 431,056 420,186 423,244 441,411 469,992 500,861 534,175 570,105 608,831 650,548 695,462
Liabilities 1,120,000 991,364 853,468 705,645 547,181 377,310 195,209 0 0 0 0 0 0 0 0 0
Total Equiy and Liabilities 1,691,177 2,009,179 1,824,268 1,640,598 1,458,237 1,277,495 1,098,453 921,411 949,992 980,861 1,014,175 1,050,105 1,088,831 1,130,548 1,175,462 1,223,796
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Profit and Loss Statement

Period 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Revenue 408,387.50 1,246,862.50 99,218.28 105,332.91 111,871.36 118,863.01 115,339.26 123,333.71 131,882.28 141,023.37 150,798.06 161,250.25 172,426.90 184,378.24 197,157.96 210,823.47
CoGS -301,510.00 -711,131.67 -66,144.11 -70,728.72 -75,631.10 -80,873.29 -86,478.82 -92,472.88 -98,882.40 -105,736.19 -113,065.03 -120,901.85 -129,281.86 -138,242.71 -147,824.66 -158,070.75
Gross Profit 106,877.50 535,730.83 33,074.17 34,604.19 36,240.26  37,989.72 28,860.45 30,860.84 32,999.88 35,287.18 37,733.02 40,348.39 43,145.04 46,135.53  49,333.30 52,752.72
SG&A -15,700.61 -15,700.61 -15,700.61 -15,700.61 -15,700.61 -15,700.61 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73 -4,418.73
EBITDA 91,176.89 520,030.22 17,373.57 18,903.58 20,539.65 22,289.11 24,441.71 26,442.10 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
Depr./Amort. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EBIT 91,176.89 520,030.22 17,373.57 18,903.58 20,539.65 22,289.11 24,441.71 26,442.10 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
Financial income (interest) 0.00 -73,391.88 -64,388.62 -54,751.31 -44,436.12 -33,159.20 -21,383.75 -8,274.77 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EBT 91,176.89 446,638.34 -47,015.05 -35,847.73 -23,896.47 -10,870.09 3,057.97 18,167.33 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
Tax expenses 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Net income 91,176.89 446,638.34 -47,015.05 -35,847.73 -23,896.47 -10,870.09 3,057.97 18,167.33 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
FCFE and NPV Calculation

Period 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Netincome 91,176.89 446,638.34 -47,015.05 -35,847.73 -23,896.47 -10,870.09 3,057.97 18,167.33 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
Depreciation 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Investment in fixed assets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Investment in Working Capital -649,275.00 43,216.87 125,547.32 141,469.86 159,411.78 179,629.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Net borrowing 1,120,000.00 -128,635.79 -137,895.98 -147,822.78 -158,464.19 -169,871.66 -182,100.31 -195,209.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FCFE 561,901.89 361,219.42 -59,363.71 -42,200.65 -22,948.89 -1,112.57 -179,042.35 -177,041.96 28,581.14 30,868.45 33,314.29 35,929.66 38,726.31 41,716.80 44,914.57 48,333.98
PV of FCFE 561,901.89 308,681.78 -43,351.17 -26,335.34 -12,238.30 -507.02 -69,726.07 -58,919.02 8,128.28 7,501.95 6,918.78 6,376.64 5,873.34 5,406.67 4,974.46 4,574.58
NPV 709,261.43
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Appendix J: Calculation of the effective nominal interest rate of the RIDF

loan to the project company

Effective Nominal Interest Rate p.a.= [1 + %]m—l

(i = nominal interest rate p.a., m = n repayment periods within one year)

In the case of the RIDF loan to the project company:
Effective Nominal Interest Rate p.a.= [1 + %]5-1

Ef fective Nominal Interest Rate p.a.= 7.20% p. a.

Source: Brealey, Myers, and Allen, 2011



Appendices

xXxxiii

Appendix K: Annuity calculation of the RIDF loan to the project company

year repayment periods beginning-of-period balance period-end interest on balance total period-end payment amortization of loan end-of-period balance
1 1 1,120,000.00 15680.00 40696.81 25016.81 1,094,983.19
2 1,094,983.19 15329.76 40696.81 25367.05 1,069,616.14
3 1,069,616.14 14974.63 40696.81 25722.19 1,043,893.95
4 1,043,893.95 14614.52 40696.81 26082.30 1,017,811.66
5 1,017,811.66 14249.36 40696.81 26447.45 991,364.21
2 1 991,364.21 13879.10 40696.81 26817.71 964,546.50
2 964,546.50 13503.65 40696.81 27193.16 937,353.33
3 937,353.33 13122.95 40696.81 27573.87 909,779.47
4 909,779.47 12736.91 40696.81 27959.90 881,819.57
5 881,819.57 12345.47 40696.81 28351.34 853,468.23
3 1 853,468.23 11948.56 40696.81 28748.26 824,719.98
2 824,719.98 11546.08 40696.81 29150.73 795,569.24
3 795,569.24 11137.97 40696.81 29558.84 766,010.40
4 766,010.40 10724.15 40696.81 29972.67 736,037.73
5 736,037.73 10304.53 40696.81 30392.28 705,645.45
4 1 705,645.45 9879.04 40696.81 30817.78 674,827.67
2 674,827.67 9447.59 40696.81 31249.22 643,578.45
3 643,578.45 9010.10 40696.81 31686.71 611,891.74
4 611,891.74 8566.48 40696.81 32130.33 579,761.41
5 579,761.41 8116.66 40696.81 32580.15 547,181.26
5 1 547,181.26 7660.54 40696.81 33036.27 514,144.98
2 514,144.98 7198.03 40696.81 33498.78 480,646.20
3 480,646.20 6729.05 40696.81 33967.77 446,678.43
4 446,678.43 6253.50 40696.81 34443.31 412,235.12
5 412,235.12 5771.29 40696.81 34925.52 377,309.60
6 1 377,309.60 5282.33 40696.81 35414.48 341,895.12
2 341,895.12 4786.53 40696.81 35910.28 305,984.84
3 305,984.84 4283.79 40696.81 36413.02 269,571.82
4 269,571.82 3774.01 40696.81 36922.81 232,649.01
5 232,649.01 3257.09 40696.81 37439.73 195,209.29
7 1 195,209.29 2732.93 40696.81 37963.88 157,245.40
2 157,245.40 2201.44 40696.81 38495.38 118,750.03
3 118,750.03 1662.50 40696.81 39034.31 79,715.72
4 79,715.72 1116.02 40696.81 39580.79 40,134.92
5 40,134.92 561.89 40696.81 40134.92 0.00
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Appendix L: Calculation of the effective nominal interest rate of the Mi-

croloan to Private Households

Effective Nominal Interest Rate p.a.= [1 + %]m—l

(i = nominal interest rate p.a., m = n repayment periods within one year)

In the case of the microloan to households provided by the project company:

Ef fective Nominal Interest Rate p.a.= [1 + 0'12]12-1

12

Ef fective Nominal Interest Rate p.a.= 12.68% p.a.

Source: Brealey, Myers, and Allen (2011)
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Appendix M: Scenario 1, Annuity calculation of the Microloan to Private Households

year repayment periods beginning-of-period balance period-end interest on balance total period-end payment amortization of loan end-of-period balance
1 1 27,350.00 273.50 608.39 334.89 27,015.11
2 27,015.11 270.15 608.39 338.23 26,676.88
3 26,676.88 266.77 608.39 341.62 26,335.26
a 26,335.26 263.35 608.39 345.03 25,990.23
s 25,990.23 259.90 608.39 34as.4as8 25,641.75
6 25,641.75 256.42 608.39 351.97 25,289.78
7 25,289.78 252.90 608.39 355.49 24,934.29
8 24,934.29 249.34 608.39 359.04 24,575.25
E} 24,575.25 245.75 608.39 362.63 24,212.61
10 24,212.61 242.13 608.39 366.26 23,846.36
11 23,846.36 238.46 608.39 369.92 23,476.43
12 23,476.43 234.76 608.39 373.62 23,102.81
> 1 23,102.81 231.03 608.39 377.36 22,725.45
2 22,725.45 227.25 608.39 381.13 22,344.32
3 22,344.32 223.44 608.39 384.94 21,959.38
a 21,959.38 219.59 608.39 388.79 21,570.59
s 21,570.59 215.71 608.39 392.68 21,177.91
6 21,177.91 211.78 608.39 396.61 20,781.30
7 20,781.30 207.81 608.39 400.57 20,380.73
8 20,380.73 203.81 608.39 a04a.58 19,976.15
E} 19,976.15 199.76 608.39 a08.62 19,567.53
10 19,567.53 195.68 608.39 a12.71 19,154.82
11 19,154.82 191.55 608.39 al1e6.84 18,737.98
12 18,737.98 187.38 608.39 a21.01 18,316.97
3 1 18,316.97 183.17 608.39 a25.22 17,891.76
2 17,891.76 178.92 608.39 azo.a7 17,462.29
3 17,462.29 174.62 608.39 a33.76 17,028.53
a 17,028.53 170.29 608.39 a38.10 16,590.43
s 16,590.43 165.90 608.39 a4a2.as 16,147.95
6 16,147.95 161.48 608.39 a46.91 15,701.04
7 15,701.04 157.01 608.39 a51.38 15,249.66
8 15,249.66 152.50 608.39 ass.89 14,793.77
E} 14,793.77 147.94 608.39 ae60.4as 14,333.33
10 14,333.33 143.33 608.39 aes.05 13,868.27
11 13,868.27 138.68 608.39 a69.70 13,398.57
12 13,398.57 133.99 608.39 aza.a0 12,924.17
a 1 12,924.17 129.24a 608.39 a79.14a 12,445.03
2 12,445.03 124.45 608.39 as3.94 11,961.09
3 11,961.09 119.61 608.39 as88.77 11,472.32
a 11,472.32 114.72 608.39 a9o3.66 10,978.66
s 10,978.66 109.79 608.39 a98.60 10,480.06
6 10,480.06 104.80 608.39 503.59 9,976.47
7 9,976.47 99.76 608.39 508.62 9,467.85
8 9,467.85 o4a.68 608.39 513.71 8,954.14
E} 8,954.14 89.54 608.39 s18.84 8,435.30
10 8,435.30 84.35 608.39 524.03 7,911.27
11 7,911.27 79.11 608.39 529.27 7.381.99
12 7,381.99 73.82 608.39 534.57 6,847.43
5 1 6,847.43 68.47 608.39 539.91 6,307.52
2 6,307.52 63.08 608.39 545.31 5,762.21
3 5,762.21 57.62 608.39 550.76 5,211.44
a 5,211.44 52.11 608.39 556.27 4,655.17
s 4,655.17 a6.55 608.39 561.83 4,093.34
6 4,093.34 a0.93 608.39 567.45 3,525.88
7 3,525.88 35.26 608.39 573.13 2,952.76
8 2,952.76 29.53 608.39 578.86 2,373.90
E} 2,373.90 23.74 608.39 584.65 1,789.25
10 1,789.25 17.89 608.39 590.49 1,198.76
11 1,198.76 11.99 608.39 596.40 602.36
12 602.36 6.02 608.39 602.36 o.00
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Appendix N: Scenario 2, Annuity calculation of the Microloan to Private Households

year repayment periods beginning-of-period balance period-end interest on balance total period-end payment amortization of loan end-of-period balance
1 1 13,045.00 130.45 290.18 159.73 12,885.27
2 12,885.27 128.85 290.18 161.33 12,723.95
3 12,723.95 127.24 290.18 162.94 12,561.01
a 12,561.01 125.61 290.18 164.57 12,396.44
s 12,396.44 123.96 290.18 166.21 12,230.22
53 12,230.22 122.30 290.18 167.88 12,062.35
7 12,062.35 120.62 290.18 169.56 11,892.79
8 11,892.79 118.93 290.18 171.25 11,721.54
E} 11,721.54 117.22 290.18 172.96 11,548.58
10 11,548.58 115.49 290.18 174.69 11,373.88
11 11,373.88 113.74 290.18 176.44a 11,197.44
12 11,197.44 111.97 290.18 178.20 11,019.24
2 EY 11,019.24 110.19 290.18 179.99 10,839.25
2 10,839.25 108.39 290.18 181.79 10,657.47
3 10,657.47 106.57 290.18 183.60 10,473.86
a 10,473.86 104.74 290.18 185.44 10,288.42
s 10,288.42 102.88 290.18 187.29 10,101.13
53 10,101.13 101.01 290.18 189.17 9,911.96
7 9,911.96 99.12 290.18 191.06 9,720.90
8 9,720.90 97.21 290.18 192.97 9,527.93
E} 9,527.93 o5.28 290.18 194.90 9,333.03
10 9,333.03 93.33 290.18 196.85 9,136.18
11 9,136.18 91.36 290.18 198.82 8,937.37
12 8,937.37 89.37 290.18 200.81 8,736.56
3 EY 8,736.56 87.37 290.18 202.81 8,533.75
2 8,533.75 85.34 290.18 204.84 8,328 91
3 8,328.91 83.29 290.18 206.89 8,122.02
a 8,122.02 81.22 290.18 208.96 7.913.06
s 7.913.06 79.13 290.18 211.05 7.702.01
53 7,702.01 77.02 290.18 213.16 7.488.85
7 7.488.85 74.89 290.18 215.29 7.273.56
8 7.273.56 72.74 290.18 217.44a 7.056.12
E} 7,056.12 70.56 290.18 219.62 6,836.50
10 6,836.50 68.36 290.18 221.81 6,614.69
11 6,614.69 66.15 290.18 224.03 6,390.65
12 6,390.65 63.91 290.18 226.27 6,164.38
a 1 6,164.38 61.64 290.18 228.54 5,935.85
2 5,935.85 59.36 290.18 230.82 5,705.03
3 5,705.03 57.05 290.18 233.13 5,471.90
a 5,471.90 54.72 290.18 235.46 5,236.44
s 5,236.44 52.36 290.18 237.81 4,998.62
6 4,998.62 a9.99 290.18 240.19 a,758.43
7 a,758.43 a7.58 290.18 24a2.59 a,515.84
8 a,515.84 as.16 290.18 24as5.02 a,270.82
E} a,270.82 a2.71 290.18 2a7.a47 4,023.34
10 4,023.34 40.23 290.18 249.95 3,773.40
11 3,773.40 37.73 290.18 252.4a4 3,520.95
12 3,520.95 35.21 290.18 254.97 3,265.99
5 EY 3,265.99 32.66 290.18 257.52 3,008.47
2 3,008.47 30.08 290.18 260.09 2,748.37
3 2,748.37 27.4a8 290.18 262.70 2,a85.68
a 2,a85.68 24a.86 290.18 265.32 2,220.35
s 2,220.35 22.20 290.18 267.98 1,952.38
6 1,952.38 19.52 290.18 270.66 1,681.72
7 1,681.72 16.82 290.18 273.36 1,408.36
8 1,408.36 14.08 290.18 276.10 1,132.27
E} 1,132.27 11.32 290.18 278.86 853.41
10 853.41 8.53 290.18 281.64 571.77
11 571.77 5.72 290.18 284.4a6 287.31
12 287.31 2.87 290.18 287.31 0.00
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Appendix O: Feasibility for Farmers — 15 year development analysis

|Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Monetary Benefit of biogas for lighting 1,967.00 2,103.31 2,249.07 2,404.93 2,571.60 2,749.81 2,940.37 3,144.14 3,362.02 3,595.01 3,844.15 4,110.55 4,395.41 4,700.01 5,025.72
Monetary benefit of saved time and additional income generation 1,545.09 1,652.16 1,766.66 1,889.09 2,020.00 2,159.99 2,309.68 2,469.74 2,640.89 2,823.90 3,019.60 3,228.86 3,452.62 3,691.88 3,947.73
Monetary benefit from fertilizer substitution 4,000.00 4,277.20 4,573.61 4,890.56 5,229.48 5,591.88 5,979.40 6,393.77 6,836.86 7,310.65 7,817.28 8,359.02 8,938.30 9,557.72  10,220.07
Total monetary benefit 7,512.09 8,032.68 8,589.34 9,184.58 9,821.08  10,501.68  11,229.44  12,007.64  12,839.77  13,729.57  14,681.03  15,698.42  16,786.32  17,949.62  19,193.52
Expenses for loan w/o subsidies 8,501.28 8,501.28 8,501.28 8,501.28 8,501.28

Expenses for loan with subsidies 4,054.81 4,054.81 4,054.81 4,054.81 4,054.81

Expenses for the operation (water) 309.35 330.79 353.71 378.22 404.43 432.46 462.43 494.48 528.75 565.39 604.57 646.47 691.27 739.17 790.39
Expenses for disuse of farming land 1,500.00 1,603.95 1,715.10 1,833.96 1,961.05 2,096.95 2,242.27 2,397.66 2,563.82 2,741.49 2,931.48 3,134.63 3,351.86 3,584.15 3,832.53
Expenses for maintenance 48.91 52.30 55.92 59.80 63.94 68.37 73.11 78.18 83.60 89.39 95.59 102.21 109.29 116.87 124.97
|Total p w/o subsidi 10,359.54  10,488.32  10,626.02  10,773.26 _ 10,930.71 2,597.79 2,777.82 2,970.32 3,176.16 3,396.27 3,631.63 3,883.31 4,152.42 4,440.18 4,747.89
|Total expenses with subsidies 5,913.07 6,041.85 6,179.55 6,326.80 6,484.25 2,597.79 2,777.82 2,970.32 3,176.16 3,396.27 3,631.63 3,883.31 4,152.42 4,440.18 4,747.89
Overall w/o subsidi -2,847.45 -2,455.64 -2,036.67 -1,588.68 -1,109.63  7,903.88  8,451.62  9,037.32  9,663.61 10,333.30 11,049.39 11,815.12 12,633.90 13,509.43 14,445.64

Overall with subsidies 1,509.02  1,990.83  2,409.79  2,857.79  3,336.83  7,903.88  8,451.62  9,037.32  9,663.61 10,333.30 11,049.39 11,815.12 12,633.90 13,509.43  14,445.64
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