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Abstract

Energy is essential for sustainable development and for improving the socio-economic welfare of
a community. Sub-Saharan Africa suffers from severe rural energy poverty and minimal access to
modern energy services. Adoption of renewable energy technologies is often viewed as a way to
alleviate rural energy poverty, but uptake is slow. Socio-economic factors, mainly household income,
electricity access, fuels used for cooking, and land tenure, influence adoption of renewable energy
technologies. This paper assesses the contribution of small hydropower and biogas technologies in
alleviating rural energy poverty in Kirinyaga County, Kenya, where the majority of the population relies
on traditional sources of energy. A case study research design was used, with a sample size of 178.
Data was collected using a questionnaire survey, the review of project documents, and interviews. Five
indicators were used to assess energy poverty. The results indicate medium to low energy poverty
and energy stacking; with reliance on traditional sources of energy. Socio-economic factors influence
adoption of SHP and biogas. Therefore, adoption of renewable energy technologies does not alleviate
rural energy poverty because SHP and biogas are used to supplement rather than replace the use of
traditional fuels.

© 2018 This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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1. Introduction

Energy is essential in socio-economic development of any nation
as it alleviates poverty, improves welfare, and raises people’s
living standards [1]. Over the years, there has been an increase in
the adoption of renewable energy. In the 1970s, it was promoted
to reduce the use of fossil fuels, in the 80s and 90s to reduce the
negative environmental impacts of fossil fuel use, and currently to
mitigate climate change [2].

Geographical and historical differences significantly contribute to the
presence and characteristics of energy poverty [3]. Energy poverty
in developing countries is caused by low levels of electrification and
other forms of networked energy provision resulting from economic
constraints and inefficient institutions [4]. About 83 % of the
population in sub-Saharan Africa relies on traditional fuels, with 74
% lacking electricity [5]. The majority of the world’s poor live in rural
areas with limited access to modern energy services [6]. The cost of
energy causes a heavy economic burden to low-income households
in developing countries like Kenya; where low-income households
spend more than 20 % of household income on energy uses [7].

Renewable energy technologies are the fastest growing energy
sources in the world and projections indicate they will become major
contributors to the energy mixes of many countries [8]. They are
essential for sustainable development because they maintain natural
capital, improve access to energy, reduce greenhouse gas emissions,
reduce environmental and health impacts, and create local socio-
economic development opportunities [9]-[11]. Small hydropower
(SHP) is a renewable energy source with enormous potential and can
be used as a standalone power source or in hybrid systems with other
energy sources. There is no globally agreed definition of SHP, but
most countries term plants of up to 1T0MW as SHP [12]. Adoption of
SHP in Kirinyaga started during the colonial era and has continued
to the present. Adoption is attributed to low access to electricity,
technological push, development of feed-in tariffs, and promotion
of green energy in the country’s energy mix. Kirinyaga has 26 SHP
projects initiated by communities and companies; with 12 being
incomplete, 2 under construction, 9 stalled, and 2 operational. The
total installed capacity is 249.3 kW. The operational SHP plants have
installed capacities of 11 kW (Kiangima-Kiangibuini) and 110 kW
(Ndiara). The cost of power from the SHP plants is 2 US$ per month.
The low adoption rate is attributed to lack of technical knowhow,
financial constraints, connection to the national grid, and lack of
maintenance. Electricity demand is 167 kWh which is the electricity
consumption per capita for Kenyan households [13].

Biogas is a renewable energy source that is widely used for cooking,
lighting, heating or electricity production. Biogas improves user’s
health and sanitation, reduces demand for alternative energy sources,
is sustainable, creates jobs, produces fertilizer from a digester,
offers education opportunities, spurs entrepreneurial activities,
and helps in treating and reusing some waste [14]-[15]. Despite the
many benefits, biogas technology has not been very successful in
developing countries, mainly due to the challenges of operation and
maintenance [14]. Data on the number of households with biogas in
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Kirinyaga is scant because there is no database, except for the 190
under the Kenya National Domestic Biogas Program. Assessment of
energy production from the biogas plants is beyond the scope of
this study. Biogas has been promoted by some non-governmental
organizations in partnership with national government through
subsidized biogas construction in some households and schools
from 2008 to 2013. The biogas plants range in size from 4m? to 12m2.
Households and schools mostly adopt biogas technology when a
subsidy is available. Adoption of biogas is hampered by high initial
investment costs e.g. the cost of a family size floating drum plant
in most African countries averages 1667 US$, whereas in Kenya, the
fixed capital investment costs are 1535 US$ (8 m?); 2198 US$ (16 m3);
12 176 US$ (54 m3) and 26,090 US$ (124 m3); which is not affordable
to many households that live on less than US$ 2/day [16]. The cost
of fuel wood in Kirinyaga ranges from 3.8-12 US$ per month while
the cost of kerosene is about 3 US$ [17]. These fuels are thus more
affordable to low income earners. The SHP and biogas plants have
been studied in Kenya, specifically regarding adoption, technology,
and challenges. Kathamba (1.2 kW) and Thima (2.2 kW) have been
documented as the first pilot SHP plants in Kirinyaga [18]-[20].
Later, the United Nations Industrial Development Organization [21]
started Kibae SHP and this led to a mushrooming of other projects.
The Kenya Tea Development Authority is constructing Nyamindi SHP
(1.8MW) [22] and the National Irrigation Board has constructed two
plants with a capacity of 20 kW along irrigation canals [23]. Biogas
is recommended to solve environmental and energy problems in
Africa [24], though it has been found that socio-economic factors
affect adoption of biogas technology in Nakuru [25]. Furthermore,
inadequate documentation of biogas production in Kenya makes
the sustainability assessment of the biogas plants challenging [26].
SHP development has contributed to electrification in Kenya but
is still under-utilized [27]. However, little is known regarding the
contribution of SHP and biogas to rural energy poverty alleviation;
which this paper addresses.

2. Methods

An exploratory case study design was used because it allows use of
multiple methods of data collection. The energy poverty assessment
was multi-dimensional, derived by partly adopting the method for
calculating multi-dimensional energy poverty index [28]-[30]. Table
1 outlines the indicators used in assessing energy poverty and their
cut off points derived from a literature review. A household is energy
deprived if they do not use electricity for lighting; the main cooking
fuel is not electricity, cooking gas or kerosene; they spend more than
10 % of their income on energy expenditure; and there is evidence of
indoor pollution due to the cookstove being an open fire, or they use
any other fuel besides electricity or gas.

A household is also deprived if the individuals do not own the land
they occupy since land availability determines whether they have
access to fuel wood locally or if they have to purchase it. This paper
assumes that households relying on firewood use open fires and
consequently experience indoor pollution.
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Table 1: Energy poverty assessment indicators applied for Kirinyaga case studies

Dimension Indicator VELE

(energy poor if ) Reference

Deprivation- cut-off

Cooking Modern cooking fuel

Indoor pollution Indoor air pollution

Lighting Electricity access *

Land ownership Land ownership Does not own land

Household income Total household income = 10% spent on energy

Traditional cooking fuels (firewood)
Traditional cooking fuels (firewood)

Type of energy used for lighting

Use of traditional sources of energy for cooking [28]. [30], [31]
Use of traditicnal sources of energy for cooking [28]-[31]
Mo use of electricity for lighting [28]-[31]
Do not own land [32]
Household spends = 10% of income on energy [33], [34]

In the case studies, respondents use kerosene for lighting in addition to electricity .

Little is documented regarding renewable energy technologies in
Kirinyaga, and there is no database of biogas plant owners; hence
purposive sampling was used to fill this gap. Data was collected
between July 2015 and February 2016 using questionnaires, project
document review, interviews, and direct observation. Two operational
community SHP plants, Kiangima-Kiangibuini and Ndiara, which serve
25 and 10 households, respectively, were assessed. The Kiangima-
Kiangibuini case study sample size is 22 users (3 were unavailable)
and 25 non-users. The non-users are immediate neighbors who rely
on electricity from the national grid. The Ndiara case study has 10
members connected to small hydropower, but no comparison is
done because the area is yet to be connected to the national grid
due to lack of transformers.

Data on biogas adoptees was obtained from the Kenya National
Federation of Agricultural Producers and Sub-County Livestock
Officers. The sampling frame was 190 biogas users; out of which 60
users and 61 non-users were purposely selected. Respondents for the
questionnaire survey of biogas users were randomly sampled within
the four Sub-Counties of Kirinyaga; Kirinyaga West (19), East (18),
South (6), and Central (17).

Chi square test was used to determine the association between
biogas and SHP and energy poverty status. Chi square (x?) was used
to assess the relationship between two categorical variables. The
independent variables are household income, types of fuels used,
and land tenure that determines substitution of energy sources;
whereas the dependent variable is the adoption of SHP and biogas
technologies.

3. Results and Discussion
3.1 Socio-Economic Characteristics

In Kiangima-Kiangibuini, there is no significant relationship between
level of income and adoption of SHP since there is no major difference
in the level of total household income between users and non-users
for income below Ksh 10,000. More SHP non-users (65 %) had income
between Ksh 10,000 and 40,000 compared to users (55 %) (Table 2).
Level of income, therefore, may not influence the adoption of SHP
because non-users have more income, yet they have not adopted
the technology. There is no statistically significant difference in land

tenure between SHP users and non-users. However, land tenure
can affect the socio-economic status of the individual because it
determines the type of economic activities practiced, and hence total
household income.

The majority of households (78 %) in the Ndiara case study had
income between Ksh 10,000 and 50,000, with 22 % earning more than
Ksh 50,000 monthly. Households in Ndiara own their land, with 90 %
having title deeds. Land tenure does not affect adoption of small
hydropower because the SHP plant is not located on an individual's
land, but near the river. There is a significant difference in income and
land tenure between biogas users and non-users (Table 2). Generally,
the majority of the population have a monthly income ranging from
Ksh 10,000 - 40,000. However, there are more biogas non-users with
an income below Ksh 10,000 (30 %) compared to users (9 %).

1 US$ = 100 Ksh

Among biogas users, 18 % have an income above Ksh 50,000 while
5 % of non-users earn that amount. The level of household income
greatly determines adoption of biogas technology. Most biogas users
(91 %) had title deeds for their land compared to non-users (66 %).
Land tenure determines adoption of biogas technology because it is
a long-term investment needing high initial capital. The farmer must
be sure that there will be no land ownership dispute before they can
construct the biogas plant.

3.2 Types and Uses of Fuels for the Kiangima-Kiangibuini Case
Study

The Kiangima-Kiangibuini case study respondents depend on
multiple sources of energy (Table 3). Apart from kerosene and
firewood, energy consumption for small hydropower users is higher
than for non-users (Table 3). Both SHP users (100 %) and non-users
(84 %) are connected to the national grid. This is because SHP was
initiated before the region was connected to the national grid.
However, even after connecting to the national grid, SHP group
members did not abandon the project because the power is cheaper
than that from the national grid. The problem with SHP is that it does
not supply energy for all electrical needs; therefore, it cannot be used
for ironing, cooking or to power rural enterprises because of the low
voltage. When SHP machines break down, there is a delay before
repair due to the participatory nature of management. Therefore,
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Table 2: Impact of socio-economic characteristics on adoption of SHP and biogas in Kirinyaga

Kiangima-Kiangibuini

SHF user SHP non-user
(%)

Total household income 2.51
< 10,000 32 35

10,000- 20,000 55 43
30,000-40,000 55 22
40,000-50,000 g 0

» 50,000

Land ownership 23
Own land 95 92

Do not own land 5 2

Land tenure 1.85
Own land with title deed 43 76

Cwn land without title deed 57 24

1.000

0.216

18.63 0.002
= 9 30
22 22 39
45 21 11
1 21 9
22 9 ]

3.09 0.095
100 97 a8
3 12

11.12 0.001
90 91 66
10 9 34

* P refers to the probability at which the association between variables is significant. Conventionally the value is significant if P < 0.05.

there is no major difference between energy sources utilized by SHP
users and non-users.

For all types of fuels, there is no significant association between
type of fuel and use of SHP (Table 3). Hence, adoption of SHP has
not alleviated energy poverty because the users continue to rely on
firewood, charcoal, and electricity from the national grid.

Table 3:  Association between types of fuels and use of SHP in

Kiangima-Kiangibuini, Kirinyaga

T SHP ljsers SHP I'K}I:i- users 2 P.
(%) (%) (two sided)

Firewood 100 100 -5 -5
Charcoal 64 56 0.283 0.767
Kerosene 14 16 0.052 1.000
Mational grid electricity 100 a4 3.847 0.112
Liquid petroleum gas 32 24 0.357 0.745
Biogas 5 0 1.161 0.468

X¢ could not be computed because use of firewood is a constant. Significant
atP < 0.05. n=47°

Households can be categorized as facing energy poverty or not
based on the amount of money spent on energy (Table 1). There is
no statistically significant association between energy poverty status
and the use of SHP in a household, x? = 4.19; df = 1; p = 0.109. Hence,
adoption of SHP has not alleviated energy poverty in the Kiangima-
Kiangibuini case study.

3.3 Types and Uses of Fuels for the Ndiara Case Study
Ndiara respondents depend on multiple sources of energy: firewood

and charcoal for cooking, kerosene for cooking and lighting, small
hydropower for lighting, and liquid petroleum gas for cooking; with

none adopting biogas. Use of electricity from SHP in Ndiara has
not alleviated energy poverty, as all the households still depend on
fuelwood for cooking and kerosene for lighting. This was found in a
prior study, which analyzed sources of fuel for cooking in Kirinyaga
[35].

3.4 Types and Uses of Fuels for the Biogas Case Study

Biogas users and non-users depend on multiple sources of energy
(Table 4). Both groups depend on both traditional (firewood and
charcoal) and modern (kerosene, liquid petroleum gas, electricity,
biogas) sources of energy with the exception of biogas for non-users.
Both biogas users (54 %) and non-users (82 %) depend on fuelwood
to supplement biogas for cooking and kerosene for cooking
and lighting. Both groups always keep kerosene in case of power
blackouts. More biogas users depend on the electricity grid (87 %)
compared to non-users (65 %) because biogas users depend on
electricity to chop animal fodder and to pump water for the animals.
A greater number of biogas non-users depend on liquid petroleum
gas (37 %) compared to users (20 %) because they supplement
fuelwood with liquid petroleum gas for cooking; whereas biogas

Table 4: Association between types of fuels and use of biogas in
Kirinyaga

Type of fuel Biogas users  Biogas non-users e P
b b (two sided)*
Firewood 54 a2 10.53 0.002
Charcoal 20 33 2.90 0102
Kerosene 12 35 9.41 0.003
Electricity &7 65 795 0.006
Liquid petroleurn gas 20 EY) 432 0.044
Biogas 100 0 1.21 0.001

Significant at P < 0.05; n=121¢
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users use liquid petroleum gas to supplement biogas when the
digester is not supplying enough biogas. Biogas users depend on
it for cooking, with a few using it to power a chaff cutter and for
lighting.

There is a significant association between the adoption of biogas and
energy poverty, x? = 20.11; df = 1, p = 0.001. Adoption of biogas
contributes to energy poverty alleviation as it reduces consumption
of other types of fuel. Biogas users also have a higher consumption
of electricity relative to non-users.

3.5 Contribution of small hydropower and biogas plants to energy
poverty alleviation in Kirinyaga

Table 5 shows the percentage distribution of households affected
by different aspects of energy poverty. In the Kiangima-Kiangibuini
case study, all SHP users use firewood, spend >10 % of household
income on energy expenditure, and have electricity access; 14 % use
kerosene for lighting, and 5 % do not own the land they inhabit. SHP
non-users use firewood for cooking, 84 % spend >10 % of household
income on energy expenditure, 16 % use kerosene for lighting, and
8 % do not own the land they occupy. In the Ndiara case study,
households use firewood and kerosene for lighting, own the land
they occupy, and 20 % spend more than 10 % of household income
on energy expenditure. In the biogas case study, 54 % of biogas users
use firewood for cooking and 12 % use kerosene for lighting despite
having electricity access, 3 % do not own the land they occupy,
and 20 % spend more than 10 % of household income on energy
expenditure. Among the biogas non-users, 82 % use firewood for
cooking, 35 % use kerosene for lighting, 12% do not own their land,
and 65 % spend >10 % of their income on energy uses. Therefore,
households in the three case studies experience some form of indoor
air pollution.

Based on the mean score obtained per case study and the cut-off
points set out in Table 1, SHP users (64 %) and non-users (62 %) in
Kiangima-Kiangibuini and the users (64 %) in Ndiara have medium
energy poverty. Therefore, use of SHP has not significantly alleviated
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energy poverty. Biogas users have low energy poverty (26 %), whereas
non-users (55 %) have medium energy poverty (Table 4). Thus,
the adoption of biogas has significantly reduced energy poverty.
Amongst all the indicators, use of firewood for cooking has the
greatest contribution to energy poverty and directly causes indoor
air pollution. Cooking is a basic requirement for each household and
this inflates the energy budget, thereby exacerbating energy poverty.

The main causes of energy poverty in Kirinyaga are use of firewood
for cooking, kerosene for lighting, and high expenditure on energy.
Although Kirinyaga residents have adopted modern forms of energy
in the form of biogas and SHP, these modern sources of energy have
not completely replaced traditional sources of energy. Consequently,
households exhibit energy stacking [36] since biogas and electricity
from SHP are inadequate for their uses. Energy stacking is observed
in many developing countries [37], [38]. It has been observed that as
income improves, households adopt new fuel sources to supplement
but not to substitute traditional fuels [39]. Some of the biogas users
are not aware that biogas can be used for lighting, and even those
who are aware, have not installed biogas lamps. Households use
firewood for cooking, especially open fire spaces, which contributes
to indoor air pollution. Land ownership can prevent adoption of
modern energy sources because a person who is not certain of
land tenure [32] may not invest in biogas as it requires high initial
capital and is a long-term investment in nature [25]. As such, it has
been recommended that subsidies should be introduced to increase
adoption [40]. Use of many types of energy inflates the energy
expenditure in a household. Therefore, SHP and biogas adoption
have not alleviated energy poverty in Kirinyaga because households
still depend on traditional energy sources.

4. Conclusions

Households in Kirinyaga have adopted SHP and biogas technologies
hoping to alleviate energy poverty. The aim is to eliminate the use
of traditional fuels for cooking, replacing them with modern fuels
and kerosene for lighting with electricity. Biogas and SHP plants have

Table 5: Percentage of Households Affected by Different Dimensions of Energy Poverty in Kirinyaga

Dimension Indicator Kiangima-Kiangibuini
SHP users SHP non-users

n % n % n % n % n %
Cooking ® Modern cocking fuel 22 100 25 100 10 100 33 54 49 82
Indoor pollution  Indoor air pollution 22 100 25 100 10 100 33 54 49 82
Lighting ® Electricity access = 14 4 16 10 100 7 12 21 35
Land ownership Land ownership 1 5 2 8 0 2 3 7 12
Household income Total household income 22 100 21 24 2 20 12 20 37 62
Mean score 64 62 64 26 35

Data used for cooking is for firewood only and that for lighting is for kerosene use only ¢ Assessment criteria: 0-33 % low energy poverty; 34-67 % medium

energy poverty; 68-100 % high energy poverty ©
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partly alleviated energy poverty, but energy stacking still persists.
Promotion of renewable energy technologies for rural energy poverty
alleviation should be considered in a broader context taking into
consideration the multidimensional nature of energy poverty. The
socio-economic and technical needs of target populations should be
considered if the beneficiaries are to fully embrace and benefit from
renewable energy technologies; otherwise it will remain a mirage.

Appendixes
Appendix 1. Questionnaires for Users and Non-Users of Biogas
Questionnaire for Users and Non-Users of Biogas in Kirinyaga
Instruction: As part of my PhD research at Kenyatta University | am conducting a survey to assess the adoption and sustainability of small
hydropower and biogas plants and their contribution to energy poverty alleviation in Kirinyaga County. This is an academic questionnaire
purely for scientific research and there is no “correct” answer to each question. Your responses will be accorded full confidentiality therefore
do not write your name. Results of the study will be made available to all stakeholders. Please tick the correct answer where there are options.

For open ended questions, use the space provided. Kindly answer all questions.

Section (a) Interviewee Bio Information

Self
Spouse

1. Indicate the number of dependents living in the household......................

2. Indicate the total household income (Ksh.) per month.
< 10000 [ ] 10000 -20000 [ ] 20000- 30000 [ ] 30000- 40000 [ ] 40000- 50000 [ ] > 50000 [ ]

Section (b) Energy Poverty Assessment

Please indicate your energy source(s), state how you use them and the cost of each per month.

Firewood

Charcoal

Kerosene

Electricity
LPG
Biogas

Housing quality (Provide information for your main house)

Iron

Tiles

Plastic
Floor type
Concrete

Tiles
Earth
Wall type
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(Continued..): Housing quality (Provide information for your main house)

Earth
Timber

Iron sheet

Stone

Bricks

Concrete

Timber and stones
Water availability

Piped water inside house
Piped water outside house
No piped water near house

1. How many rooms do you have in your main house?

2. What type of toilet do you mainly use? (Tick one)
Pit latrine [ ] Flush toilet [ ] Pit and flush [ ]

3. Do you own the land? Yes [ ]No[ I.
[ V@S WHat IS The SIZET ...ttt ba e iRk b b e

4. Do you have title deed for the land? Yes [ ] No [ 1.

Indicate how you use water in your household and the cost of the water sources applicable to you

Tap water

Public stand Pipe
River

Well

Rain water harvesting

Type of Livestock Kept

Cows
Chicken
Pigs

Section (c) Biogas Digester Information (For biogas users only)

Type of biogas Digester

Fixed dome

Floating drum
Plastic tube
PVC type

5. Explain why you chose the type of biogas digester you are using
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Size of biogas digester

W

6. Is the size of your biogas unit appropriate for your energy needs? (Tick one) Yes[ ] No [ 1.

If N0 eXplain Why YOU SEIECTEA that SIZE........c..coiiii e bttt ettt

Construction materials

Poly Vinyl Chloride
Bricks and concrete

Plastic bag

Steel drum

7. Why did you choose those types of construction materials?

8. Why have you not installed biogas in your home? (For non-users of biogas only)

It is expensive

Lack of sufficient water

No contactor available

Not enough cows

Difficult to maintain

Lack of knowledge
Other

Please give any other details: ...........ccccocriiincnnniniccs

9. If you are provided with funding would you construct a biogas plant? Yes[ I No [ ]

10. What are the advantages of using biogas?

Section (d) Sustainability Assessment

Please indicate if you agree or disagree with each of the following statements by ticking appropriately.

11. Spare parts are easily available.

12. An operations manual for biogas is needed.

13. The biogas plant operates reliably.

14. Initial investment cost is high.

15. Operation and maintenance cost is high.
16. Use of biogas reduces a household'’s energy costs.

17. Local skilled labor for servicing the biogas plants is easily available.

18. Use of biogas energy is accepted by the community members.

19. The biogas users have adequate management skills.

20. The biogas users have safety measures in place.

21. The biogas users receive support from relevant institutions e.g. Ministry of Energy.
22. The biogas plants provide direct employment to community members.

23. The biogas users receive scientific support or additional training from relevant
institutions.

24. Connecting to the biogas plant improves a household's standard of living.
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(Continued..)

25. Use of biogas energy enhances conservation.

26. Construction of biogas plants does not negatively affect the environment.

27. Use of biogas does not release harmful pollutant emissions to the environment.

28. Use of biogas promotes recycling of materials.

29. Use of biogas energy does not require any training or awareness.

30. There is minimal need for institutional support for biogas technology.

31. It is easy to upgrade existing infrastructure for biogas.

32. There is no need for financial support to construct biogas plants.

33. It is easy to access the biogas plant through the road network.

34. Biogas plants have low construction and operation costs for every person.

Thank you for your cooperation.

Appendix 2. Questionnaires for SHP Users and Non-Users
Questionnaire for Users and Non-Users of SHP Plants in Kirinyaga

Instruction: As part of my PhD research at Kenyatta University | am conducting a survey to assess the adoption and sustainability of small
hydropower and biogas plants and their contribution to energy poverty alleviation in Kirinyaga County. This is an academic questionnaire
purely for scientific research and there is no “correct” answer to each question. Your responses will be accorded full confidentiality therefore
do not write your name. Results of the study will be made available to all stakeholders. Please tick the correct answer where there are options.
For open ended questions, use the spaces provided. Kindly answer all questions.

Section (a) Interviewee Bio Information

Self
Spouse

1. Indicate the number of dependents living in the household........................

2. Indicate the total household income (Ksh.) per month.

< 10000 ] 10000 - 20000 [ 1] 20000 - 30000 [ ] 30000 - 40000 [ 1] 40000 - 50000 [ ] > 50000 [ ]

Section (b) Energy Poverty assessment

Please indicate your energy source(s), state how you use them and the cost of each per month.

Firewood

Charcoal

Kerosene

Electricity
LPG
Biogas
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Housing quality (Provide information for your main house).

Iron

Tiles

Plastic
Floor type
Concrete

Tiles
Earth
Wall type
Earth
Timber

Iron sheet

Stone
Bricks
Concrete

Timber and stones

Water availability

Piped water inside house

Piped water outside house

No piped water near house

3. How many rooms do you have in your main house?

4. What type of toilet do you mainly use?
(Tick one) Pit latrine [ ] Flush toilet [ ] Pit and flush [ ]

5. Do you own the land? Yes[ ] No [ ].
If yes what is the size? ....................

6. Do you have title deed for the land? Yes [ I No [ 1.

Indicate how you use water in your household and the cost of the water sources applicable to you.

Tap water

Public stand Pipe

River
Well
Rain water harvesting

Types of Livestock Kept

Cows
Chicken
Pigs

Section (c) SHP Plant Information (For small hydropower plant users only)
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7. Who owns the small hydropower plant? ...

8. Is the size of your small hydropower plant appropriate for your energy needs? Yes [ No [ ]

If no explain why you selected that size
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9. On which river is the small hydropower plant located?

10. Who owns the land where the small hydropower plant is located?...

11. Is the area where the small hydropower plant is located always accessible? Yes [ ] No [ ]
12. How many people were involved in construction of the small hydropower plant?.
13. Do you have your own transmission lines? Yes [ ] No [ ]. If no, are you connected to the national grid? Yes [ ] No [ ].

14. What permits do you need for the project and how often are they renewed?

Section (d) Electricity Connection

15. What sources of electricity do you use? KPLC [ ] Small hydropower project [ ] Other [ ] For other please indicate the source

16. How many years have you been connected to an electricity source?

17. Why did you choose that provider (SOUICe)?........ccovviuernieeninieesceescenns
18. What was the initial cost of conNEcting tO POWEI? ..ot

19. Before connecting to electricity what were your sources of energy? ........cccccocoeevenennne

20. Where did you get money to pay for the initial connection?

Section (e) Electricity Use

271. What dO YOU USE @lECLHCILY FOI? ...ttt ebs et

22. For lighting purposes, how many bulbs are you allowed to have?
A.2[]1B.3-4[ ]1C.5-10[ ] D. Unlimited [ ]

23. Are there interruptions in the electricity supply? Yes [ ] No [ ]
If yes, what are the causes?

Section (f) Payment for Electricity
24. Do you have a power meter installed? Yes [ ] No [ ]

25. Is the power meter read regularly? Yes [ ] No [ ]

[ N0, @XPIAIN. c.. et RR bbbttt

26. Do you pay for electricity before or after use? A. Prepay [ ] B. Post-pay

27. Is there an option for paying part of the bill? A. Yes [ ] B.No [ ]

28. HOW dO YOU PAY the Dill7 ...ttt
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Section (g) Sustainability Assessment

Please indicate how you agree or disagree with each of the following statements by ticking appropriately.

29. Spare parts are easily available.

30. An operations manual is needed for the machine.

31. The power house operates reliably.
32. Initial investment cost is high.

33. Operation and maintenance cost is high.

34. Use of SHP reduces a household’s energy costs.

35. Local skilled labor to service the SHP power house is easily available.

36. Use of SHP energy is accepted by the community members.

37. The SHP leaders have adequate management skills.

38. The power house and houses of users have safety measures in place.

39. The SHP users receive support from relevant institutions e.g. Ministry of
Energy.
40. The SHP plant provides direct employment to community members.

41. SHP users receive scientific support or additional training from relevant
institutions.

42. Connecting to the SHP plant improves a household's standard of living.

43. Use of SHP energy enhances conservation.

44. Construction of the SHP plant does not negatively affect the environment.

45. Use of SHP does not release harmful pollutant emissions to the environ-
ment.

46. Use of SHP promotes recycling of materials.

47. Use of SHP energy does not require any training or awareness.

48. There is minimal need for institutional support for SHP technology.

50. There is no need for financial support to construct SHP plants.
51. It is easy to access the SHP plant through road network.
52. SHP plants have low construction and operation costs for every person.

Thank you for your cooperation.
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