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DEFINITION OF TERMS

Green Economy: An economy that provides a better quality of life and social equity, within the

limits of environmental sustainability (UN-DESA, 2015)

Grid Perimeter: An area where settlements are connected to the national power grid or located

at a cost-effective distance where grid access can be justified by population density and local

demand level (lED, 2013).

Hybrid system: A system having more than one generation source, either a mix of renewable or

non-renewable sources. A hybrid generator can supply mini-grids or stand-alone systems (lED,

2013)

Low Carbon: Clean power generation with reduced carbon dioxide emission into the

atmosphere (Royal Geographical Society, 2010)

Off-grid perimeter: An area where settlements are outside the grid perimeter and can be

supplied by either stand-alone individual systems (SA) or by mini-grids (MG) powered by

different sources such as hydro, solar, wind or diesel, if households are sufficiently dense (lED,

2013)

Pico solar systems: Small solar cells of low power ranging from 1-10 watts with a capability for

home lighting, cell-phone and radio power supply (IDS, 2014).
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Rangelands: Vast areas consisting primarily of grasses and shrubs which are used as grazing

grounds by livestock and wildlife and home to pastoral and agro-pastoral communities

(Mwangombe et al. 2011).

Stand-alone system: This is an isolated power system of 0-5 KW that usually supplies one

customer such as a household, community infrastructure or water pumping station without a

distribution grid (Woofenden, 2009)

8



ABSTRACT

Kenya, among other developing countries, faces low access to low-carbon power, particularly in

remote rural settings which are characterized by sparse settlements and low incomes. This .study

sought to evaluate the socio-economic viability of low-carbon off-grid technologies as a policy

directing for powering isolated low-income communities. To this end, the role of actors in the

household off-grid energy sector was examined through literature review and key informant

interviews. Key findings indicated that the Laikipia County Government and local communities,

including women, were largely excluded from national low-carbon energy planning and delivery.

In addition women were found to be strong actors in the uptake of clean off-grid technology.

To assess the social viability of clean off-grid energy technologies, a household survey was

conducted in a remote rangeland settlement in Naibunga, Laikipia NOIth using interview

schedules to assess demographic characteristics, energy consumption patterns and average

expenditure on traditional fuels, clean energy awareness, preferences and willingness to pay.

Descriptive analysis of social data was done using the Statistical Package for the Social Sciences

(SPSS) software. Household off-grid clean energy options studied were found to be socially

viable, with fuel costs substantially lower than high-carbon fuels, as most remote households,

especially women, were willing to upgrade to clean energy, but affordability of equipment was a

key concern. The economic analysis of renewable off-grid technologies was performed using the

Levelised Cost of Energy, Net Present Value and Economic Rate of Return models and subjected

to a sensitivity analysis to assess the economic performance of technologies to changes ill

macroeconomic indicators; discount rate and inflation rate. Key findings revealed that clean
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energy off-grid technologies were economically viable as an alternative to the power grid, with

the highest ranked technology being Pico solar, solar panels and battery powered torches for

lighting and liquid petroleum stoves, clean cookstoves and biogas digesters for cooking.

The impact of Kenyan policy, regulations and guidelines on the expansion of clean energy to off-

grid areas was examined through content analysis of policy documents revealing that clean

energy policy for off-grid areas was largely focused on utility scale projects for institutions and

trading centers, largely crowding-out remote off-grid households. The study concluded that low-

carbon off-grid technologies are socially and economically viable as a policy alternative to the

power grid for inclusive access to remote, low-income households in Kenya. The most socio-

economicaIly viable off-grid low-carbon lighting technologies for remote low-income

homesteads are Pico solar lamps and solar panels which were found to be resilient to

macroeconomic shocks, while portable liquid petroleum gas stoves and clean cook-stoves were

found to be the most socio-economicaIly viable technology for low-carbon cooking due to

relatively low cost and portability factors which were favorable for pastoralist communities.

FinaIly, a change in policy direction was recommended, towards a multi-stakeholder planning

approach, devolved funding and regulatory functions, financial interventions for low-income

remote households and expanded public-private partnerships, to achieve inclusive access to clean

energy.
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CHAPTER 1: INTRODUCTION

1.1 Background of the study

Clean energy has a high potential to contribute to sustainable development and human welfare,

yet over 20% of households globally and more than half of Africa's population has no access to

clean energy and largely depend on fossil fuels for household use (World Energy Outlook,

2014). Kenya's electrification rate has experienced significant growth in recent years, yet less

than 40% of rural households have access to grid electricity (World Bank, 2017). This forces

unreached communities to consume high carbon fuels which pose health risks, largely affecting

women and children, due to indoor pollution (WHO, 2005).

The country is highly vulnerable to impacts of climate change, with more than 80% of the

country being arid and semi-arid rangeland (Mwangombe et al. 2011), characterized by low-

income largely pastoralist communities and poor infrastructure development. Out of Kenya's

total greenhouse gas emissions (GHG), 75% arises from land use, forestry and agriculture,

largely as a result of dependence on wood fuels by a large segment of households (Government

of Kenya, 2015).

Kenya through its Vision 2030 strategy, aims to become a middle income country by 2030 with a

goal of universal access to clean energy by 2030. The Kenyan Constitution 2010 recognizes a

clean and healthy environment as a basic human right and provides for sustainable exploitation

and management of the environment and natural resources. It also provides a governance

framework for the energy sector, where the National Government in Part 1 of the Fourth
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Schedule of the Constitution, is 'responsible for energy policy, energy and gas distribution and

public investment', while the County Government, in Part 2 of the Fourth Schedule, is

'responsible for County planning and development, electricity and gas reticulation and regulation

within their jurisdictions' (Kenya Law, 2013). The Rural Electrification Authority (REA) was

formed through the Energy Act of 2006 to fulfill mid and long term targets for rural

electrification through grid and off-grid expansion (REA, 2014).

In support of the green economy, the exploitation of the country's vast renewable resources can

enhance low-carbon power generation. Small hydro has a high potential but only 15.3 MW is

generated (KEREA, 2016). The generation of this resource for rural electrification, according to

Gitonga (2014), is constrained by high capital costs and climate change uncertainties. Kenya's

current wind installed capacity is 5.1 MW with its primary plant located at Ngong, Kajiado

County, and a 310 MW plant in Turkana, Northern Kenya, under development (LTWP, 2017).

The development of wind energy is constrained by "large distances to the national grid, leading

to high capital and transmission costs, and insufficient wind regime data" (Institute of Economic

Affairs, 2013).

Kenya's solar development potential is high due to its vast resources. Private investment for

large scale solar installations has been constrained by high capital costs. Kenya, according to

Ogola (2012) has vast geothermal resources for grid and off-grid power generation "with over

10,000 MW of untapped geothermal energy potential". The Government has focused strongly on

developing this power source since it provides stable, sustainable and low-cost energy supply

(ERC, 2012).
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To date, a number of Counties such as Turkana, Marsabit, and Mandera are off-grid, largely due

to "capital constraints, isolated scattered communities low power infrastructure and under-

investment by the government and the private sector" (IDS, 2015). This calls for decentralized

alternatives in supplying clean power to unreached households. The country has a few minigrid

and off-grid installations using non-renewable diesel and solar power (REA, 2014). The

Government, however, recognizes the shortcomings in powering rural households. To this end,

Kenya's Last Mile Connectivity Project aims to achieve 70% grid electricity connection by mid

2017 and universal access by 2020 (Ministry of Energy, 2017).

1.2 Problem Statement

The pace of rural electrification in Kenya, despite the national scale-up of grid access, is

relatively slow with a 67% access gap between rural and urban areas (World Bank, 2017),

leading to uneven development, depriving unreached rural communities the benefits of clean

energy and exposing households to adverse social and health impacts. This has led to a high

consumption of wood fuels which are sourced primarily from rangelands, forest reserves and

smallholdings (FSD, 2016), creating a threat to the fragile rangeland ecosystem (Nalule, 2010).

Despite the expansion of grid-based rural electrification through existing legal reforms and

government initiatives, such as the Kenya's Action Agenda on Sustainable Energy for All 2015-

2030, and the Last Mile Connectivity Project (Ministry of Energy, 2017), over 60% of rural

households have no access to electricity (World Bank, 2017). This indicates that there will he a

large portion of unreached households, particularly in remote rangeland settings due to poor

infrastructure, high poverty levels and the nature of remote scattered, largely pastoralist
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settlemenls (IrC, 2011). While national planning for rural electrification tends to favor high-

density rural populations, mobile communities in the rangelands are largely excluded from

national low-carbon energy expansion policy (Flintan, 2014). Thus, the country may be unable

to achieve its Sustainable Energy for All goal of universal access by 2022 (SE4ALL, 2017) and

fulfill its targets towards a green economy.

Various studies have attempted to address this gap using grid and off-grid approaches to

enhance low-carbon power diffusion in developing countries (Komakech-Akena, 2012; Yadoo,

2012 and Tenenbaum et al, 2014). One of the options is the expansion of the national grid

"which has an average 9% thermal fuel component and cost per kilometer of US$lO,OOO"

(World Bank, 2012 & USAID, 2014). To address this gap Kenya has developed a few thermal

powered mini-grid plants, which have been adversely affected by fuel cost uncertainties (IDS,

2015 S: IDFID, 2012). A different option is the use of decentralized power supply through

renewable energy resources that have been implemented effectively, in India and Hawaii

(Schochet, 2000). This is supported by local studies, indicating the strong potential of renewable

energy as an alternative source of fuel for decentralized power production (Gichungi, 2010;

OED, 2013; Ogola, 2012; Ndetei, 2011).

While local studies have largely targeted utility scale off-grid renewable energy sources, such as

solar, wind and geothermal power, inadequate local research has been done to examine the socio-

economic viability and ranking of low-carbon technologies at household level in remote settings,

which is critical for the evaluation and public acceptance of alternative policy options in

expanding inclusive clean energy access to deprived communities. This study, therefore, aims to
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fill this information gap as a policy contribution towards Kenya's sustainable development goals

and transformation towards a green economy.

1.3 Research Questions

The main question guiding this study was stated as follows: To what extent are clean off-grid

technologies socially and economically viable as a policy alternative to the power grid for

powering remote communities, and what is the role of policy and energy sector actors in the

delivery of inclusive clean energy in Kenya? The specific questions of the study were:

I. What is the role of energy sector actors in the deployment of clean off-grid energy to

unreached households ofNaibunga in Laikipia North?

II. How socially viable are clean off-grid power technologies as a policy option for

powering deprived rural communities ofNaibunga?

Ill. How economically viable are clean off-grid power technologies as a policy option for

powering unreached rural communities ofNaibunga?

IV. What is the effect of Kenya's policy, regulations and guidelines on the development of

clean energy for off-grid rural households in Naibunga?

1.4 Objectives of the study

The main objective of this study was to assess the socio-economic viability of renewable off-grid

technologies as an alternative to the national grid for powering isolated rural communities, and

the role of policy and energy sector actors in the delivery of inclusive clean energy in Kenya.

The specific objectives of the study were to:

22



I. Examine the role of energy sector actors in the deployment of clean off-grid power to

unreached households in Naibunga, Laikipia North

II. Assess the social viability of clean off-grid power technologies as a policy option for

powering unreached rural communities in the Naibunga area.

III. Determine the economic viability of clean off-grid power technologies as a policy option

for powering deprived rural communities in Naibunga.

IV. Evaluate the effect of Kenya's policy, regulations and guidelines on the development

of clean energy for off-grid rural households in Naibunga

1.5 Justification of the study

The evaluation of clean energy expansion reforms for off-grid areas informs policyrnakers and

investors in three ways: First it sheds light on the policy and institutional structures at national

and county level and informs on the viability of low-carbon off-grid power, while presenting

environmentally friendly and climate resilient solutions. The study also informs policy makers

and investors on the optimal low-carbon strategies for powering remote rural regions using a

sustainable approach, while achieving development targets for inclusive clean energy access in

transition to a green economy.

Secondly, the potential benefits of low-carbon energy expansion into off-grid areas would

provide inclusive access to clean affordable power, improve household health and welfare,

preserve the local environment and generate employment, trade and economic development.
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Finally, the study is targeted towards national and regional policy makers, development partners,

domestic and global investors and stakeholders in the energy sector who are keen on achieving

development goals through universal access to low-carbon energy. The main beneficiaries of the

study include low-income remote households, farmers, eco-tourism resorts, the trade and

informal sector and academic institutions that are keen on further research about clean energy

diffusion and development of rural Kenya.

1.6 Scope and Limitations of the Study

To evaluate the socio-economic viability of clean off-grid energy, the study focused on

households in a remote rangeland settlement in Laikipia North, characterized by low-income,

poor infrastructure development and sparsely populated largely pastoralist communities. To

support this study, attention also focused on national and local energy sector actors to assess their

role in clean energy delivery to remote off-grid communities. Several limitations affected the

study. They included difficulties in accessing data resources, resistance by respondents to

disclose personal or financial information and limitations in data quality and reliability. To

enhance the reliability of information, therefore, adequate sampling techniques were used and

information obtained from a diversity of data sources, locally, nationally and internationally.
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CHAPTER 2 LITERATURE REVIEW

2.1 Introduction

This section presents a systematic review of related literature and empirical studies that provided

a framework for identifying the key gaps that were addressed in this study. It also highlights

methodological approaches in relevant studies, and concludes by describing the theoretical

framework that guided the study.

2.2 Energy and Economic Development

Clean energy has a strong link with economic development and its deprivation creates adverse

effects on household welfare and income. Increased access to clean affordable energy leads to

improved infrastructure and investment, creating increased employment, while reducing adverse

effects of high-carbon fuels (Haanyika, 2005).

Kenya's Vision 2030, which embraces steady growth and sustainable development, aims at

achieving 10% annual economic growth, yet the nation faces various socio-economic

development challenges such as a relatively low growth rate of below 10% and economic shocks

which include fluctuating global fuel prices, insecurity and adverse impacts of climate change,

putting at risk the livelihood of communities in the Kenyan rangelands that form over 30% of the

Kenyan population (KNBS, 2010). To address this, the country is committed towards

transitioning to a green economy in line with the United Nations Conference on Sustainable

Development (UNCSD) of 2012 (Government of Kenya, 2015). The transition strategy aims at
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sustainable economic growth, energy efficiency, social inclusion and improved human welfare

that can be largely achieved through clean energy development. The country is already

implementing various low-carbon approaches to address poverty, unemployment and

environmental degradation and this is expected to achieve faster growth, a cleaner environment

and a 30% carbon emission reduction by 2030 (Government of Kenya, 2015).

Recent clean energy developments in Kenya include expansion of the country's geothermal

capacity to 533.8 MW and developments of wind power projects in Lake Turkana (310 MW),

which is expected to increase the contribution of clean energy to the energy mix (KenGen,

2017). Other developments include a feed-in- tariff policy for targeted renewable resources as

well as a zero rating taxes on renewable energy equipment. The Government has also developed

strategies to rapidly expand installed electricity capacity, upgrade the transmission and

distribution networks and develop renewable sources of energy, such as solar, wind, biogas and

small hydro. Recent focus has led to the connectivity of more Kenyansto the power grid, with

Kenya Electricity Transmission Company (KETRACO) currently constructing over 4000 km of

high-voltage transmission lines (Global Legal Insights, 2017).

2.3 Rural electrification

Kenya has initiated a number of strategies to help improve grid energy supply to deprived

regions. However, a key constraint the high capital requirements for generation and transmission

and international financers are "reluctant investors in rural electrification" (Zomers et al, 2007).

Haanyika (2005) notes that "remote areas are usually characterized by low-income, scattered

settlements, thus rural electricity supply systems are constrained by low consumption". In
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addition, rural grid infrastructure is generally prone to poor quality of supply due to the long

distances covered by low-voltage lines and poor terrain conditions resulting in low supply

quality compared to urban counterparts.

The country's grid program, according to a French Development Agency Report (2014), is

dependent on as hydro and thermal sources that on that are relatively unstable, due to climate

uncertainties and fuel costs. According to AfDB (2012) the problem is further affected by

reforms which allow the utility provider to transfer fuel costs to the user. To compound this,

"electricity tariffs and connectivity fees for end-users remains a barrier to most rural low-income

Kenyans, who perceive it as a luxury". In addition, the World Bank National Electrification

Workshop (2015) reveals that the rural power grid is challenged by frequent breakdown,

substandard equipment, largely due to inadequate planning and high outlay costs.

2.4 The renewable off-grid alternative

According to Yadoo et al (2011), clean off-grid power can greatly improve household welfare

and income. This is supported by the United Nations Secretary General, Ban Ki-moon who

stated that clean power "has the ability of lifting poorest nations to new levels of prosperity"

(Leone, 20 II y. The cost and fuel constraints suffered by thermal-based energy, provide an

"increased opportunity to exploit renewable technologies which have significantly improved in

efficiency and cost reduction" (Yadoo et al, 201 I). Case studies in China and Germany indicate

that rural households and institutions stand to gain benefits from clean decentralized power, such

as reduced fuel cost and opportunities for income creation (Gevelt et al, 2013).
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The decentralized energy market in Kenya, according to a KPLC Report (2013) is estimated to

be over six million households, representing a significant target population for off-grid access to

clean power. A few examples are hereunder described.

2.4.t The geothermal off-grid potential

The National Renewable Energy Laboratory (NREL) in 2006 in their report "Geothermal, the

Energy Beneath our Feet" reveals the high potential of geothermal power for grid and off-grid

development, due to its low cost, zero emission and stable supply (Karekezi et al, 2003). Kenya

has no off-grid geothermal energy supply but evidence in Hawaii and Reno, USA show that

geothermal plants can provide rural off-grid power (Daniel Schochet, 2000; Sanchez- Velasco

2003).

2.4.2 The solar off-grid potential

The African continent has over 50% of the global solar potential (Gichungi, 20 I0), yet most

areas with high solar potential have low population density, further "emphasizing the need for a

more decentralized supply option" (Breyer et al 2009). Reports by GTZ (2009) reveal that

Kenya, which lies on the equator, holds vast potential in solar energy, "receiving an average of

4.5K Wh per square meter per day". In support of this sector, the government has zero-rated taxes

and duties on solar equipment, thus contributing to the development of a strong market with

reduced costs (ERC, 2016). A government program which commenced in 2015 through the

Rural Electrification Authority (REA) to provide basic electricity to boarding schools and health

facilities in remote areas, has also increased the annual demand for PV panels. A preliminary

survey done in 2005 established that the annual market demand for PV panels was projected to
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grow at 15% annually, with an expectation for further growth (ERe, 2016). Investment

opportunities also exist for the local manufacture of solar power components, chargers and PV

batteries, although a number of barriers exist in the exploitation of this resource, such as high

capital costs, low awareness of the potential opportunities and economic benefits offered by solar

technologies, under-capacity of technicians and a lack of quality compliance by suppliers (KCIC,

2016).

At a smaller scale is the use of Pico solar lamps with a power output of 1 to 10 watts, to which a

mobile phone charger and radio can be connected (IDS, 2014). The market for Pico solar lamps

is growing at over 100% per year, supplied by over 1500 small and medium enterprises (IREK,

2015). While primarily private sector driven, the sector has other actors such as microfinance

institutions and international donors. A number of challenges constrain the delivery of Pico solar

systems in Kenya, such as the regulation of business operators, many of whom are not registered

and the lack of quality standards (tREK, 2015). The solar option has become an attractive

investment option for firms and households but is constrained by a largely fragmented policy

environment and high cost of transactions (Cossen, 2013).

2.4.3 The wind off-grid potential

Kenya's wind generation potential according to a German Energy Desk Report (2013), is "one of

the highest in Africa, with an average energy potential of 346 wind output per square meter" and

high wind speeds in parts of Northern Kenya, Laikipia, Coast, Central Kenya and Rift Valley.

Currently Ngong Power Station is the only wind farm that is connected to the power grid, with

an installed capacity of 5.1 M W (KenGen, 2016). The Lake Turkana wind power project located
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in Marsabit County has a capacity of 850K Wand a substation that will be connected to the

national grid by a transmission line which is currently under construction. Once operational, it is

expected to provide 310 MW to Kenya's grid, approximately 15% of installed capacity (Lake

Turkana Wind Power Company, 2017). There is evidence of increased private investment in this

sector. However its development is constrained by high capital costs and inadequate wind data

(Koigi, 2012). The Government, however, aims to expand wind power to 3 G W in its long term

energy development plans (Germany Energy Desk, 2013).

2.4.4 Biogas off-grid potential

Biogas has a strong off-grid potential as it utilizes locally available waste sources to produce

clean energy. Emerging micro-size plants that provide combined heat and power (CHP),

according to Dong et al (2010) are suitable for dwelling houses or institutions and capable of

providing reliable power supply. Of all the renewable energy sources, "biomass is the world's

largest energy source, contributing nearly 14% of the world's primary energy demand" (Dong et

al, 20 I0). The resource, which consists of household and farming waste, is a suitable input for

grid and off-grid energy production since it has the potential to provide constant power at the

point of generation. A number of biogas installations exist in farms and agro industries in Kenya

for in-house electricity use. Most notable is a commercial farm in Naivasha, the George Farm

Energy Park, which produces 2 MW of electricity, enough to cultivate its horticultural farm and

generate surplus supply for the national grid (Reuters, 2017). Home biogas systems, however are

challenged by capital and technical constraints and the current feed-in tariff for biogas

development is not favorable for investors (AKUT Umweltschutz, 2015).
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2.4.5 Potential of low-emission cookstoves

Improved low-emission energy-efficient cookstoves, according to the UN Global Alliance for

Clean Cookstoves (2015), are said to reduce fuel use by 30% to 60% reducing the impacts on

forest depletion. In addition the improved stoves can reduce black carbon emissions by 50-90%

sufficiently reducing health challenges of indoor pollution that mostly affect women and infants.

Kenya is at the forefront in cookstove development and delivery in Sub-Saharan Africa and

many improved cookstoves are operating across the country as entrepreneurs are recognizing the

significant business potential of this technology. Studies done by Stockholm Environmental

Institute, however, show a discrepancy between how well improved cookstovcs perform under

laboratory conditions compared to actual performance in the field. Another challenge is ensuring

that households actually use the clean cookstoves as many households tend to revert to

traditional cooking methods possibly due to financial reasons as the fuel may not be affordable,

or cultural reasons, such as the preference for grilling meat and other foodstuff using traditional

methods. Other challenges include the high import duties of components, constraining the local

manufacture of clean cookstoves in Kenya (SEI, 2016).

2.5 Institutional and regulatory framework governing Kenya's clean energy sector

International policies governing clean energy development in Kenya include the World Bank

Assessment Operational Policy (OP 4.01) which "ensures that bank-financed projects are

environmentally sound and sustainable" (World Bank 1989). To support this, the financial

institution is committed towards the 2030 goal of universal access to electricity under the

Sustainable Energy for All (SE4AII) initiative. However, it reports that support for clean energy
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111 the rural off-grid sector has been "low and sporadic due to technology and regulatory

challenges" (World Bank, 2015). The Clean Development Mechanism, in Article 12 of the

Kyoto Protocol (IPPC, 2007) supports clean energy trading schemes and also targets rural energy

markets (UNFCCC, 2014), but the relatively low investment in clean off-grid technologies, is

not adequately addressed (Randall, 2015).

Kenya's energy policy and governance structure has been changed by adopting national and

county governments. Policy for the energy sector is guided by the Sessional Paper No.4 of 2004

and Energy Act 2006 (No 12 of 2006). Key institutions governing the electricity sub-sector are

the Ministry of Energy and Petroleum. The electricity sub-sector comprises of the Kenya

Generating; Company (KenGen) which principally deals with power generation and Kenya

Electricity Transmission Company (KETRACO), responsible for developing the national

transmission infrastructure. Legislation also provides for the Geothermal Development Company

(GDC), whose principle responsibility is to accelerate the development of geothermal resources,

and a number of independent power producers (IPPS) (ERC 2017). The Rural Electrification

Authority (REA) formed under the Energy Act, 2006 is responsible for grid and off-grid rural

electrification. The Energy Regulatory Commission (ERC), established under the Energy Act

2006 is responsible for regulating the sector.

The constitutional provision for the National Government's role in this sector is energy policy

while the County Government is responsible for planning and development within their

jurisdictions, as well as electricity regulation and distribution. With regard to planning and

implementation of electricity supply strategies, REA is mandated to formulate cooperation

arrangements with County Governments for the discharge of its functions. Despite the fact that
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the Constitution provides for the roles of two levels of government, there are "operational

uncertainties as to the specific areas of responsibility between the two levels of government"

(ECA, 2014). In addition, the interests of local communities in the planning and policy making

stage are not clearly specified, when it comes to the provision of clean, decentralized power for

remote households (Mutua, 2014).

Institutional agencies responsible for licensing and giving permits are the Energy Regulatory

Commission and County Governments. The National Environment and Management Authority

(NEMA) established under the Environmental Management and Co-ordination Act (EMCA) of

1999 (amended, 2015), oversees the environmental compliance of projects. The Law also

requires that clean energy installations must obtain approval of the Environmental Impact

Assessment (EIA) by NEMA. However, the licensing process is perceived to be unsuitable for

the household renewable off-grid sector due to the high licensing fees and lengthy approval

processes, causing a large number of private firms to operate without permits (ECA, 2014). The

Kenya Bureau of Standards (KEBS) does provide minimum quality standards and installation

.guidelines for off-grid installations; however the market supply of renewable household energy

products is largely unregulated and fails to meet acceptable quality standards (lFC, 2012).

Kenya's Government seeks opportunities for private investor involvement in clean energy

expansion through Public-Private Partnerships (Ongolo et at 2006; Omenge, 2013). To this

effect, the Feed-in Tariffs (FIT) Policy (revised, 2012) creates incentives for producers to

generate renewable energy to the power grid. The policy, which allows private developers to sell

renewable generated energy to a state power station at a specified tariff, aims to provide a

favorable market environment for investing in renewable energy (lEA, 2014). However,
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potential clean energy developers are constrained by ngorous and lengthy regulatory

requirements. In addition, with the exception of solar and biogas power, no provision has been

made for renewable energy supply to off-grid households.

The Kenyan government has embarked on reforms to expand access to clean energy. A notable

initiative is the Last Mile Connectivity Project (LCMP) which supports reduced connection fees

for low-income consumers and aims to achieve 100% household connectivity by 2020.

Questions are raised, however, about the achievement of these goals as it appears that remote

households are likely to be left out. While such reforms are viewed as a positive direction in

accelerating clean energy access, the institutional framework is "largely fragmented, constraining

Kenya's efforts to streamline energy regulation" (Oxford Business Group, 2016).

Certain policy measures have been implemented to support the off-grid household sector, such as

import tax exemptions for LED and solar PY products, batteries and installation accessories in

the 2010/1 I Budget. However exemptions do not cover the full range of low-carbon off-grid

product and importers of PY equipment have experienced challenges during the clearing process

at Customs departments. This problem is compounded by the apparent lack of clear subsidies for

off-grid products for the household sector (IFC, 2012), indicating regulatory and policy gaps in

support of the household off-grid sector, which are largely addressed in this study.

2.6 Empirical Review

A number of studies have been conducted on the role of energy sector actors, global practices

and lessons learned in the provision of clean energy to rural households and the socio-economic

viability of clean off-grid energy technologies, informing this research as described in detail.
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2.6.1 Role of state and local sector actors in clean off-grid energy delivery

The key issues governing the expansion of renewable off-grid technologies is planning, delivery

and regulation. Generally, the top-down delivery model is driven by State agencies while the

decentralized off-grid model, or bottom-up approach, is usually run by private developers, non-

governmental organizations, cooperatives and community groups (Bhattacharyya, 2009).

"Ideally a two-track approach is needed to support the expansion of rural electrification, but

there is a lack of clarity on who will be responsible for regulation of renewable off-grid power

for unreached households", states Bhattacharyya (2009). Options include Central Government

agencies, Local or County Government and civil society groups.

Blum et al (2015) describes the diffusion of minigrids and reveals "mismatched institutional

goals and constrained flows of resources between agencies" leading to low power diffusion.

This is supported by Elder et al (2015) whose findings reveal the viability of renewable

decentralized, and argues for collaboration between actors and local communities, as "lack of

understanding of local communities can lead to failures in diffusion attempts" (Elder et ai, 2015).

Yadoo (2012), in his analysis of decentralized power supply models reveals that planning which

involves a "critical evaluation of social and economic risks and benefits, in consultation with

stakeholders", can build resilience to internal and external shocks.

The UN-HABITAT (2009), supports the in their study guidelines on decentralized energy

systems, emphasized the "importance of robust, capable and flexible institutions in rural

electrification". Studies by Tenembaum et al (2013), UN-HABITAT and ESMAP (2011) also

support inclusive clean energy planning and cost-effective and a light regulatory environment for

I
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the development of clean decentralized energy. This is supported by The Energy Consulting

Associates (2014), in their comparative analysis of mini-grids, indicating that "community

involvement from an early stage of mini-grid development" is vital to the diffusion of clean

energy.

The regulatory decisions that require consideration includes off-grid tariffs to be charged to

users, consultations with stakeholders and business approval requirements before obtaining a

license or permit. In Tanzania, for example, private developers generating less than 1 Megawatt

(MW) of electricity, are given regulatory and licensing exemptions, and do not need institutional

approval to deliver off-grid power to households" (Bhattacharyya, 2009).

India's policy on renewable off-grid energy, according to Goyal et al (20] 5), is implemented by

the Ministry for New and Renewable Energy (MNRE). One of the initiatives sponsored by the

Ministry is the Remote Village Electrification Program (RVEP) that aims to supply unreached

rural households with home solar kits. The role of implementation, in this case, lies with the

State, with a strategy to transfer ownership to private developers and end-users after five years.

10% of funds are provided by the state and consumers. The Ministry also sponsors technical

training and certification for renewable energy through the National Institute of Solar Energy,

whose aim is to "assist the Government in implementing the National Solar mission and

coordinate research and skill development" (MNRE, 2015).

Sri-lanka, according to a World Bank Report (20 II) has extensive small-hydro facilities that

provide off-grid power to over 80 households. Installations are managed by a community

association known as Village Electricity Consumer Society (VEC). The Central government's
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role is the provrsion of technical support by sponsoring technical consultants and non-

governmental organizations to develop facilities and advise the community group (World Bank,

2011). Yadoo (2012) details an alternative off-grid delivery model developed in India by a

private firm, Omnigrid Micro-power Company (OMC). The firm produces energy in a largely

unregulated environment "where there are no State regulatory approvals apart from the standard

business registration requirement". The company, which largely depends on local manpower,

leases out rechargeable lanterns and battery units to users at affordable rates. Users are also

exempt from connection fees, leading to an expansion of user demand for services. The key

lessons learned is that the success of household off-grid projects is "attributed largely to the

affordabi Iity of services" (Yadoo, 2012).

Chile, according to Haanyika (2005) established a special Renewable Energy Fund in 2000

which was allocated to local governments, depending on the number of energy deprived rural

households. Finances were allocated on the basis of shared responsibility, where end-users were

responsible for home wiring and payment of a regulated electrify tariff. Private operators

contributed investment capital and delivered completed projects while the National government

provided subsidies to private investors, allowing them to earn an agreed return on investment.

The lesson learned is that "subsidies need to be specifically carefully targeted towards the

household renewable energy sector" in order to increase energy expansion (Haanyika, 2005).

Mongoliaruns a "successful Renewable Energy and Rural Electricity Access Project (REAP)",

funded by bilateral donors. The project was directed towards providing nomadic herders with

solar PY systems and home-based wind turbines. Key institutions involved were the Energy

Ministry, National Rural Electrification Organization and a planning committee representing
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local communities (Sovacool, 2011). In spite of the reported success, a number of project

constraints such as "high capital costs, inadequate institutional capacity, poor consumer

awareness and insufficient political commitment to decentralized household energy systems"

were noted. Key lessons learned included the need for greater private sector and community

participation, formal training for local artisans and education for end-users.

2.6.2 Social Analysis of Renewable Off-grid Energy

Devine- Wright (2008), notes that 'social acceptance is a key issue influencing the effective

implementation of' renewable decentralized energy programs and rural energy expansion goals'.

The author describes psychological and sociological factors that determine the social viability of

decentralized energy plans and strengthens the need for more innovative research tools. Studies

done by Devine-Wright (2008) and Hal et al (2013) revealed various factors influencing the

social acceptance of renewable energy technologies, such as income, culture, political and

personal values. The perceived benefits, willingness to pay energy service costs and trust all play

a vital role.

Assefa et 0/ (2007), in a case study of on energy technologies conducted in the municipality of

Kil in west Sweden, described various determinants for assessing the social viability of

renewable technologies, which include knowledge and household perceptions relating to the

potential risks and benefits associated with emerging energy technologies. Findings revealed that

respondents in remote settings "have low levels of awareness about clean energy technologies

making it difficult to rank them according to preferences". It is therefore, important to assess the
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social viability of renewable off-grid technologies by engaging community groups and

aggregating results with technical and economic performance indicators.

Devine-Wright (20 II) noted that the "depth of attachment between people and the environments

in which they reside can either motivate support or opposition to proposed energy technology

development", depending on their personal or group perceptions regarding risks or opportunities.

To support this premise, a study by Vorkinn et al (2001) revealed how public acceptance for

decentralized energy installations is determined by the depth of attachment to the affected site, a

factor which is observed to have more significance compared to basic demographic features

(Vorkinn and Riese, 2001).

Hirmer and Cruickshank (2014) noted the essence of user value in assessing the social viability

of alternative power supply projects. They proposed that "by targeting the values of the end-

users the sustainability of rural electrification projects will be better ensured". The findings

revealed the significance of end-user value perceptions to the success of rural electrification

projects, beyond the commonly used indicator of technical or financial value. Studies by DTI

(2003) revealed that "public knowledge and understanding about renewable energy are critical to

the social acceptance of energy projects". The findings also showed that individuals and

communities who are well informed are significantly more accepting towards renewable energy

technologies (Department of Trade and Industry, 2003).

2.6.3 Economic Analysis of Clean Off Grid Power

The economic dimension evaluates the performance capacity as well as the capital and long-term

projected operational costs of renewable off-grid technologies. These are critical inputs into the
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development of off-grid installations and enables evaluators to determine the economic

feasibi 1ity and how new capacity competes against grid capacity (EIA, 2013).

Abdulla et al (2009) highlights an energy analysis framework such as the stated preference (SP)

approach, also known as choice modeling or willingness to pay (WTP) (Goett et al, 2000).

Studies by Abdulla et al (2009) and IRENA (2016) revealed that the willingness-to-pay

estimates for rural off-grid are largely dependant on various household factors such as income,

nature of energy sources, service qual ity and power fl uctuations. IRENA (2016) emphasized the

value of measuring clean energy benefits in informing policy decisions regarding low carbon

investments, by developing a framework to evaluate the macro-economic and distributional

impacts of renewable technologies for off-grid large-scale deployment.

Economic Consulting Associates (2014) used a levelised cost of energy (LCOE) and economic

internal rate of return (EIRR) model to valuate minigrid plants of Northern Kenya, reveling that

"despite a low economic rate of return, the economic viability of decentralized installations is

determined by wider social and environmental benefits". Tenenbaum et al (2013) in their study

on small power producers established an innovative approach for attracting private investment

towards the off-grid rural sector. The findings highlighted the significance of a "clear and

credible regulatory system" in order to attract private investment towards rural off-grid

development.

2.6.4 Policy and Regulatory Issues Supporting Off-grid Energy Development in Kenya

The OECD Policy Framework for Investment (2013) addressed a number of issues, such as

investment policy, financial sector development and public governance for governments to
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address in order to design and implement sound policy measures to create a favorable and robust

environment for domestic and foreign investment in clean energy. It provided a conceptual

policy framework and examples of good practice in integrating investment and climate change

policies in order to stimulate investment in low-carbon climate resilient infrastructure.

Doukas et al (2015) noted the need of enabling policy and regulatory conditions at national and

sub-national levels in order to design effective interventions that scale up clean energy access.

The study explored the policy and regulatory conditions that can facilitate scaled-up distribution

of clean energy in low income areas. Findings from the study revealed key national and sub-

national policy and regulatory options, such as the support for achieving renewable energy

targets in the short, medium and long-term horizon that would benefit from collaboration with

international initiatives and global financing. USAID and the Alliance for Rural Electrification

(20 II) conducted a review of hybrid mini-grids in Bangladesh, Laos, Kenya and Senegal.

Findings revealed that quality and price regulation are important but not sufficient issues that

drive the success of renewable energy delivery. This is because the issues presented by

renewable technology are substantially different from issues of traditional energy regulation,

such as new and dynamic technologies which require research and development, sustainability of

renewable energy, energy security and the shift in government priorities towards a green

economy (USAID/ARE, 20111).

2.7 Theoretical framework of the study

The study was based on the Technological Diffusion Theory which describes the evolution of

innovative energy systems "within a system of actors networks and institutions" (Jacobsson and
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Johnson, 2000). The theory facilitated the comparability of renewable energy technologies by

assessing an array of diffusion variables in order to inform energy policy. This includes the

actors and their role in clean energy diffusion, the networks, such as user and supplier

perceptions on what is desirable and viable and the institutions, which include the policy and

legislative framework, and incentive structures for clean energy diffusion. Thus, the study

integrated the examination of legal, institutional and policy actions within the broader social

perceptions and economic dimensions in terms of price performance ratios of innovative energy

technologies, in order to identify strategies for their effective deployment and inform policy.

The Technological diffusion theory informed the study as it presented institutional and socio-

economic dimensions that could accelerate inclusive modern energy deployment, such as the

balance between private investors, local authorities, national energy agencies, stakeholders and

institutional experiences with the particular energy technology. Policy and regulatory factors

included energy sector planning and strategy, in line with the 2010 Constitution and Vision 2030.

Economic dimensions considered investment costs and their impact on consumers, tax incentives

and resource ownership, while social considerations included social perceptions on new

technology risks and benefits.

2.8 Conceptual framework of the Study

This framework provided the structure for the entire study and explained the key concepts or

variables and their presumed relationship (Miles et af, 1994). It was guided by the Technological

Diffusion Theory (Jacobsson and Johnson (2000), which facilitated the comparability of energy

supply technologies as an alternative rural electrification strategy. Specifically, the conceptual

framework used in this study (Figure 2.1) shows the current or pre-existing status of isolated
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rural households (antecedent variables); the socio-economic viability, policy and institutional

structure (independent variables) and the inclusive access to clean energy (dependant variables).

A description of the conceptual framework and its components is presented here-in.

The study intervention, within a framework of policies, regulations and guidelines, identifies

alternative clean off-grid electrification options for remote households. The institutional review

examines the role of actors in the diffusion of clean energy. The social appraisal evaluates

household perceptions and acceptance of clean energy technologies using key variables such as

willingness to pay and perceived household benefits of clean energy. For the economic appraisal,

quantitative methods are used to compare cost and performance of technologies. Key variables

that are used in this assessment include capital costs, fuel and maintenance costs and supply

capacity. The policy analysis examines the policies and regulations supporting household off-

grid development in line with Kenya's 2010 Constitution, Vision 2030 strategy and Sustainable

Development Goals.
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Figure 2.1 Conceptual Framework of clean off-grid energy analysis

Source: Author modified from Jacobsson and Johnson (2000)
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2.8 Gaps in reviewed literature

Extensive theoretical and empirical research has been done to evaluate the institutional and

socio-economic implications of decentralized energy technologies in developing and emerging

countries. Studies by UN-HABITAT (2009) and ESMAP (2011) reveal the value of robust and

harmonized institutions, and the involvement of stakeholders in the delivery of clean energy,

however regulatory and institutional gaps affecting Kenya's uptake of clean energy to off-grid

rural households have not been adequately addressed in this study. Battacharyya (2009) proposes

a two-track approach towards the expansion of clean technologies, but questions arise about who

will be responsible for regulation and delivery of clean technologies for off-grid rural

households.

Tenembaum et al (2013) supports cost effective and light-handed regulatory environment for the

development of the rural off-grid sector, however more direction is needed towards the quality

control of household clean energy technologies and various state incentives towards expanding

private investment in remote off-grid markets.

The essence of social acceptance and willingness to switch clean technologies has been

extensively explored by authors such as Devine-Wright (2008) but the unique social, cultural and

financial needs of neglected communities in remote parts of Sub-Saharan Africa have not been

comprehensively addressed. Vorkinn et al (200 I) reveals how public acceptance of decentralized

energy systems is determined by the depth of attachment to the affected site. This however

focuses primarily on utility scale installations, calling for an assessment of unique factors and
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gender dynamics affecting the acceptance and willingness to pay for household technologies

among remote pastoralist communities.

The Economic Consulting Associates (2014) and NREL (2011) adopt the levelised cost of

energy (LCOE), net present value (NPV) and economic rate of return (ERR) to assess the

economic viability of decentralized power but focuses more on large-scale utilities, calling for

modification of the models to assess household-scale clean energy technologies. This study

therefore adopted the Levelised cost of energy model, but modifications were made towards

power capacity measurements in order to suit low-wattage off-grid technologies and expected

life of low-cost hand-held technologies which were modified using the replacement chain

approach (Fehr, 2015) that provides for the valuation of replacement equipment for the

technology with a shorter life span in order to equate the time horizons. In addition, the net

present value and economic rate of return models were adopted for this study with modifications

on the expected life of hand-held technologies, as well as the net. benefits of clean energy

adoption which was valued as potential income savings due to the switch from high-carbon fuel

use.

An examination of studies thus revealed that the low diffusion rate of household renewable off-

grid technologies in Kenya is largely due to information gaps regarding the institutional, social

and economic dimensions of decentralized delivery models as a strategy for scaling up rural

household access to clean energy. This study, therefore, sought to bridge the information deficit

by conducting comprehensive quantitative and qualitative assessments, on the socio-economic

potential of renewable off-grid technologies as an alternative policy strategy to power isolated

communities and accelerate inclusive rural access to clean energy.
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CHAPTER 3 STUDY DESIGN AND METHODOLOGY

3.t Introduction

This chapter spells out the methods used for conducting the study. It describes the study site,

sampling method, data types and sources, data collection tools, validity and reliability of data

and the techniques applied for the analysis of data.

3.2 Study Site

The study area is Naibunga conservancy located in Laikipia North (Figure 3.1). The size of the

Conservancy is 477 square kilometers with a total population of 20,000 (NRT, 2016). The

sampling frame is the Koige Settlement within the conservancy, which has a size of 5.4 square

kilometers and a population of 1200 people with 250 households (NRT, 2016). The area has arid

and semi-arid climate resulting in cyclic droughts, with a landscape consisting of acacia bush land

and scattered open grassland.

The soils are fertile but agricultural output is limited by poor rainfall, thus water resources are

scarce. The community is characterized by low income, low literacy levels, lack of employment

opportunities, insecurity arising from banditry and cattle rustling, and adverse weather conditions

leading to livestock loss (Sumba et al., 2007). Consequently the basic standards of living are

relatively low with a large number of households depending on relief assistance (Letai, 2011).

The main livelihood is livestock herding, bee-keeping and lately, community-based eco-tourisrn

projects. However, access to markets is limited, so trade has not flourished (Sumba et al, 2007).
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Figure 3.1 Map showing the location ofNaibunga Conservancy, Laikipia North, Kenya

Source: Northern Rangeland Trust, 2016
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The settlement was selected as it represented a typically remote community, located in the

northern rangelands of Kenya, which is significantly exposed to problems of poverty, poor

infrastructure development, insecurity, marginalization, drought and natural resource degradation

(Flintan, 2014). The community, characterized by dispersed low-income, largely pastoralist

households, also met the basic socio-economic criteria of an energy deprived rangeland

settlement. The location was ideal as it was relatively accessible, effectively reducing the costs

and logistical constraints in undertaking the survey

3.3 Study Design

The field of renewable energy technology is a continually evolving research, therefore, the study

is based on a mixed qualitative and quantitative research design which explores the most

appropriate combination of strategies, whereby, the "possible combinations for mixed method

research are almost unlimited" (McKirchar, 2008) ..

The first objective examines the role of energy sector actors, such as National, County, private

sector and civil society agencies in the development of renewable off-grids. This largely relied

on a primary survey of key informants representing energy sector actors and secondary research

through a theoretical review of the Kenya Constitution, Sessional Paper No.4 of 2004, Energy

Act No. 12 of2006 and comparative international case studies in line with global best practices.

The second objective assesses the social viability of renewable off-grid technologies as an

alternative to the use of traditional fuels. A primary household survey and observation methods

were used to extract qualitative and quantitative data concerning average household size, energy

usage and expenditure as well as household experiences, perceptions and expectations regarding
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clean energy supply. To further assess the social viability of clean energy technologies, the study

relied on relevant information gathered from key informant interviews within the energy and

non-governmental sector.

The third objective evaluates the economic viability of renewable off-grids as an alternative

option to the central grid. Primary research using a retail survey and key informant interviews of

seven respondents was done to extract financial and economic data for the economic analysis of

energy technologies, supported by secondary research on empirical and feasibility studies in

order to fill information gaps. Quantitative models such as the levelised cost of energy (LCOE),

Net Present Value (NPV) and Economic Rate of Return (ERR) were used to assess the

comparative viabi Iity of renewable off-grids and their effect on energy prices (NREL, 2010;

Wilkinson, 2013 and FAO, 2016).

The basic economic levelised cost of energy (LCOE) model, adopted from the National

Renewable Energy Laboratory (2010), presents a simple model for assessing and comparing the

economic viability of renewable off-grid energy technologies, expressed in equation (\) and (2).

(
M-lACC x Capital costS)

LCOE = + O&M + LLC
AHO

VC +FC -PTC (1)

WACC=i( i ). , (1+ i) Financial L1fa-l ..
(2)
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Where WACC is the weighted average cost of capital; i is the discount factor and AEO is the

energy technology output level, measured as annual expected generation hours. O&M represents

operational and management costs, LLC is land lease cost, with VC and FC representing variable

and fixed costs respectively, while PTC represents production carbon credits. Results from the

LeOE model reveal the cost effectiveness of renewable off-grid technologies as an alternative to

the power grid option for powering sparsely populated areas.

The Net Present Value (NPV) model was selected as it determines the current value of all future

cash flows generated by energy technologies after accounting for initial capital investment. It is

widely used for capital budgeting to assess which technology is likely to be the most profitable in

the long-run (Wilkinson, 2013). The formula for Net Present Value of energy technologies is

shown in equation (3):

NPV= - Co (3)

Where - Co is the initial investment; C is the net cash flow from technology; r is the discount rate

and n refers to a period of time. A positive net present value indicates that the technology is

viable as an investment

The Economic Rate of Return (ERR) was adopted as a tool for the economic analysis of energy

technologies because it measures the likely economic impacts of proposed investments and also

assesses the expected increases in household incomes as a result of investing in clean energy

technologies. The ERR also considers any income or value-added that is expected to be

generated through environmental and social improvements (FAO 2016). The Economic Rate of
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Return which is the rate of discount that that brings Net Present Value to zero is calculated as

indicated in equation (4).

T

F B
0= - Co + !

~ (1 + ERR)
i=l

(4)

Where -Co is the initial investment in energy technology; B, is net cash flow and T is the

expected life of the investment. The internal rate of return is represented by ERR which is the

discount rate that equates Net Present Value to zero. Thus if the discount rate derived is 10% it

indicates to the investor that the annual returns are $0.10 for every $1 invested in the technology.

A negative ERR result indicates that the investment has negative returns, and therefore, is not

economically viable (FAO, 2016)

The f01Jl1h objective is a review of Kenya's policy and regulatory framework in line with clean

off-grid development for rural households. This relied largely on key informant surveys and

secondary research through a theoretical review of Sessional Paper No.4 of 2004, Energy Act

2006 and legal guidelines in order to identify additional policy and regulatory actions in line with

sustainable economic development.

3.3.1 Data Needs, Types and Sources

This section highlights the specific data needs, types and their sources for the study by

classifying data requirements, identifying the variables to be assessed, and the key data sources
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that are targeted for the study. An overview of data types, In line with study objectives, IS

presented hereunder.

For the energy sector stakeholder data, the key qualitative data variables included stakeholder

awareness, obstacles to rural clean energy access, clean energy financing and participation in off-

grid clean energy policy and planning. Sources of information included officials from the

Ministry of Energy and Petroleum, Energy Regulatory Commission (ERC) Rural Electrification

Authority, Laikipia County Government, the Kenya Private Sector Alliance (KEPSA) and a

private investor. Also included were representatives from a non-governmental organization and

local community. A source for secondary data was Kenya's 2010 Constitution, Draft Energy

Policy (2014), Energy Act (2006) and case studies of global experiences and lessons learned

towards best practices.

For the social appraisal data, the variables that were examined included household income,

energy consumption, willingness to pay for clean energy, challenges and perceptions, as well as

the perceived household benefits arising from the installation and operation of renewable off-grid

installations. Sources of information for the social survey were principally household heads.

Secondary sources included empirical studies, government, UN and World Bank energy profile

reports, empirical and feasibility studies on decentralized renewable power installations.

The economic appraisal data used were capital investment costs, fixed costs, operation and

maintenance (O&M) costs, feed-in-tariffs and average expected generation capacity. The sources

targeted for this survey include officials from KPLC, private energy producers and Rural

Electrification Authority. Secondary sources relied on empirical studies on renewable energy
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technologies, local and international off-grid economic feasibility studies, World Bank

development and Energy Information Administration (2013) reports.

Policy appraisal data was obtained from the policy and regulatory framework for off-grid clean

energy development, clean energy financing, public-private partnerships and capacity building in

line with off-grid energy development. Sources of information included informants from Rural

Electrification Authority, County Government and private developers, Draft Energy Policy

(2014), Fit Policy (2012), Sessional Paper No 4 of 2004, Vision 2030 Plan, UN and World Bank

Policy Assessment reports.

3.4 Sampling and sample size determination

To enhance the reliability of the study and ensure that data is captured extensively, both

probability and non probability sampling techniques were used. Probability sampling is

applicable where, for each sampled unit of the population, the probabiJity that the sample will be

included in the population can be determined, making it possible to estimate the extent to which

the findings based on one sample are likely to differ from the results that would be found by

studying the entire population. The non-probability sampling technique is applied where the

probability of each unit's inclusion in the sample cannot be calculated, thus samples are selected

based on the judgment of the researcher (Nachmias et ai, 2008).

The sampling frame was the population of 1200 persons from approximately 250 households

(NRT, 2016) in the study area. Due to the nature of remote scattered largely pastoralist

settlements and vast inaccessible terrain, it was anticipated that a full census of the community

would be unfeasible. The sample size for the study was calculated using the Cochran (1977)
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formula of sample size determination for populations below 10,000, with a 95% level of

confidence and 5% margin of error as shown in equation (5).

(5)

Where no is the sample size; Z2 is the area under the normal curve at the desired confidence level,

and e is the desired level of precision. The estimated proportion of the population is denoted as p

while q is derived from one minus p. For a population over 10,000 with a 95% level of

confidence, Z2 is equal to 1.96, P is 0.5 and e is 0.05, thus the sample size is derived as shown in

equation (6).

1.962;'( 0.5x 0.5

0.052
=384 (6)

However, the population size for this study is 250 households, less than 10,000 therefore the

equation for sample size is explained as follows:

n
(7)nf= 1+ n

N

Where; nf is the desired sample size where the population is less than 10,000; n is the derived

sample size where the population is greater than 10,000 and N is the estimated population size, in

this case, 250, the sampling frame number of households.

Given the data from the study, the sample size was obtained thus:
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384
nf = 384 = 151

1 + 250
(8)

A sample of 151 households was determined. Systematic random sampling method (Mugenda,

2007) was then adopted, where interviewers were instructed to select every second household

from a database supplied by the local area County administration official. According to

Mugenda (2007), the sampling procedure was executed by selecting an element from the

database at random, after which every alternate element in the frame was selected from a

sampling interval as calculated using equation (9).

N
k-

n
(9)

Where: k represents the sampling interval; n is the sample size and N is the total population.

Given a sample size of 151 and population of 250 households, the derived sampling interval for

the selection of respondents is 1.7, representing alternate elements in the sample frame.

To gather expert economic and financial information on renewable off-grid technologies,

snowballing non-probability sampling techniques (Atkinson, 2004) for key informant interviews

were used. Snowballing uses personal recommendations to identify informants with a specific

range of skill or knowledge (Atkinson, 2004). In this case a unit was purposely selected based on

the judgment of the researcher that the targeted study unit was representative of the sample. This
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techn ique was preferred as it focused on particular characteristics of the population that were of

interest, in this case, the expert opinions of energy sector representatives.

3.5. Data collection

The household survey was conducted in February 2017 through face to face interviews with

household heads and responses were recorded by the enumerator on the interview schedule. Data

was keyed into the Statistical Package for Social Sciences (SPSS) software by defining the

variables and posting the data collected. Key informant interviews of eight officials was

conducted by the researcher with the use of a checklist through interpersonal meetings with

officials from the Ministry of Energy, Energy Regulatory Commission, Kenya Private Sector

Alliance, Rural Electrification Authority, Laikipia County Government, World Vision

International, a Private Developer and a Local Community Leader. Their responses were

recorded on the checklist and grouped according to targeted indicators to facilitate the analysis of

data.

To observe ethical standards, consent was obtained from respondents before interviewing them,

and the principle of respondent confidentiality was maintained throughout the study by ensuring

that their names did not appear in the interview guide and key informant checklist.

3.5.1 Tools and methods

In order to facilitate the social survey, a household survey of Koije Settlement in Naibunga

Conservancy, Laikipia North, representing a typical isolated energy deprived community was

conducted. Data for the household survey data was generated using 151 face to face interviews
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conducted with the use an interview schedule consisting of closed and open questions. The

interview schedule was divided into three sections; the first section was targeted at generating

data on the demographic characteristics of households, such as gender, occupation and income of

household heads. The second section contained questions regarding social awareness and

acceptability of clean energy. The third section generated information about energy use and

perceptions regarding the risks and benefits of energy technologies. The design of data collection

tool was focused on ensuring the clarity and simplicity oflanguage and ease of recording data.

Preliminary visits were made to the study site and informal meetings were held with local

officials of Naibunga Conservancy to assess the distribution of settlements, the business

environment, climatic conditions and geographic terrain, proximity of the area to grid power

networks, and nature of transport facilities that would enable enumerators to reach remote

households. This facilitated the selection of the area as the ideal study site, the appropriate

method to be used for gathering household information and design of the interview guide.

To evaluate the role of energy sector actors in line with off-grid clean energy delivery, data was

gathered through key informant surveys. Selection of respondents for key informant interviews

was carried out purposively after carefully mapping the key actors that could be involved in the

study. This was achieved with the use of a Power/Interest Grid where potential energy sector

stakeholders were mapped according to power, impact, support and attitude, in order to identify

high-impact stakeholders (Eden and Ackermann, 1998). The key informant checklist was

designed to assess the role of actors and key constraints and regulatory gaps in the delivery of

clean energy to rural households, and questions were standardized to simplify the analysis of

data. Preliminary informal meetings were conducted with representatives from the energy sector
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In order to pre-test and modify the key informant checklist and provide guidance on the

purposive selection of officials for the key informant interviews.

Data for the economic analysis of clean energy technologies was gathered through an industry

and retail survey to acquire financial and economic data pertinent to household low-carbon

energy technologies. To support this, secondary data was collected from energy profile and

feasibility studies. Information for the appraisal of Kenya's policy and regulatory framework was

gathered through the key informant survey and secondary research in order to examine policies,

regulations and guidelines in line with low-carbon off-grid energy development and identify

additional policy and regulatory actions

Secondary data was collected from external sources using desktop reviews of journals, feasibility

studies, policy papers and empirical studies including global case studies of green energy

delivery within the off-grid sector. This was done by defining the research questions and key

words that facilitated the search for information. Careful selection and comparison of data from

different sources, which included printed and electronic databases, was done to ensure the

credibility of data sources.

3.5.2 Validity and Reliability of Data Collection Instruments

Various measures were taken to enhance the reliability and validity of data collection

instruments. Reliability refers to the stability and dependency of research instrument to enhance

accuracy in the measurement process while validity is the extent to which an instrument

measures what it is targeted to measure (Kimberlin et al, 2008). The validity of data collection

instruments was gained through the scrutiny and expert advice and by ensuring that the sample
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was representative of the target population. To enhance the reliability of the household interview

schedule, a pre-test was performed on 15 respondents in the study site. The results were

evaluated and modified to ensure that the desired information within the stated study objectives

was captured. Careful selection of enumerators from the study site was done, based on their

language, literacy and interpersonal skills. Training was conducted on the use of the interview

schedule to ensure that consistency was maintained with minimum errors. In addition, data

received from enumerators was constantly checked for consistency.

3.6 Data Analysis

To assess the demographic characteristics and social viability of clean energy technologies, data

components such as household demographic characteristics, energy use and clean energy

preferences were classified according to targeted study indicators (Appendix III). In the case

where responses were varied, groups of data sets were coded descriptively, to facilitate the

analysis and interpretation of results. Descriptive statistical analysis was done with the aid of the

SPSS software and summarized into frequencies, mean and percentages in order to explain the

socioeconomic status, energy use and preferences of households and the social ranking of clean

energy technologies. A paired samples t-test was used to compare the averages of two different

but related situations within a single sample group (Agresti, 2010). For the analysis of variance

and ranking of household preferences for clean energy technology, the non-parametric Friedman

rank test was used as it is suitable for analyzing ordinal data and generating a mean ranking of

technologies. To further test the degree of concordance between respondents the Kendall's

Concordance Coefficient W test (Zimmerman et ai, \993) was conducted. This is a
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normalization of the Friedman statistic which is used to test the strength of agreement between

respondents (Zimmerman et al, 1993)

To evaluate the role of Kenya's energy sector actors in the delivery of clean energy, qualitative

data from key informant interviews was coded and classified according to targeted indicators

defined in the study and analyzed descriptively in order to shed light on the experiences and

constraints of institutions to deliver clean energy to off-grid rural households.

Quantitative data representing the economic viability of renewable off- grid technologies as an

alternative power supply option for households was keyed into spreadsheets and analyzed

quantitatively using levelised cost of energy (LCOE), net present value (NPV) and economic rate

of return (ERR) models to facilitate the economic ranking of clean energy technologies. To

assess the economic viability and resilience of technologies under macroeconomic uncertainties,

a sensitivity analysis was done. In the first instance, the levelised cost of energy and net present

value results were tested for changes in discount rates. In the second' instance, the economic rate

of return result was tested for changes in inflation rates. This enabled the study to assess the

ranking and potential willingness to pay for clean energy technologies under different market

conditions.

For the policy review of Kenya's off-grid clean energy sector, a content analysis of Kenya's off-

grid policy framework vis-a-vis off-grid practices that other countries have adopted was done

order to identify the lessons learned and additional policy and regulatory measures that would be

needed to expand rural clean energy access. Results were classified into sub-themes in order to

shed light on the policy direction that the country is making to accelerate inclusive clean energy

access.
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Results from the analysis of data were presented using text, tables and charts for ease of

comparison and socio-economic ranking of clean energy technologies and interpreted

accordingly, in order to draw appropriate conclusions and make policy recommendations.
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CHAPTER 4 RESULTS AND DISCUSSION

4.1 Introduction

This chapter presents a descriptive analysis of the demographic characteristics of sampled

households that will enable the reader to conceptualize the socio-economic status of communities

in the targeted area. It explains the role of energy sector actors and the constraints they face in

the delivery of clean energy to unreached rural households. Descriptive information regarding

the social acceptability and preferences of clean energy implements for lighting and cooking,

revealing the social viability, trade-offs and ranking of clean energy technologies are also

presented. In addition, the quantitative analysis and ranking of clean energy technologies sheds

light on their economic viability and ranking as an alternative and affordable clean energy

delivery option. Finally, the chapter presents an objective assessment of the existing policy and

regulatory framework governing off-grid clean energy development and areas where additional

regulatory schemes and incentive mechanisms could be adopted to accelerate inclusive access to

clean energy.

4.2 Basic Household Statistics

The basic demographic features of respondents of a study are important as they give more clarity

on collected data (Nachmias et al, 2006). The study focused on households located in Naibunga

Conservancy in Laikipia North. The basic demographic attributes that were considered for the

assessment of household energy use and perceptions were occupation, gender, income, average

household size and description of housing structures.
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4.2.1 Occupation of household heads in Naibunga Conservancy

Respondents were questioned about their occupation in order to assess livelihood and income

sources of households. Results (Figure 4.1) revealed that 23.8 % of the respondents are involved

in livestock herding, 22.9% in farming, 18.9% in business enterprises, while 2.6% are in

professional employment, indicating low opportunities for switching to clean energy. Fourteen

percent of household heads are unemployed, with 4.3% in casual employment.

13.9%

4.3%

l 2.0%

Ca~l1al Unemployed Business Fa 1111er Helder

Figure 4.1 Occupation of household head in Naibunga Conservancy

Source: survey data, 2017

This reveals that the community is heavily reliant on livestock and agricultural output for their

livelihood and, given the semi-arid nature of the area, exposes households to low and erratic

income and nomadic practices in search of more fertile pastures. In turn, this makes the

community, especially women and children vulnerable to changes in their livelihood sources

caused by external factors such as drought and climate change, as noted by WHO (2011).
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4.2.2 Gender and marital status of household head in Naibunga Conservancy

Information regarding gender and marital status is essential in assessing gender variations in

household decision-making regarding clean energy access. Results in Table 4.1 reveal that

64.9% of the sampled household heads are male while 35.1 % are female. The significant number

of female headed households points towards a high potential for women to be involved in the

decision-making process to switch to clean energy and even involve themselves in clean energy

business enterprises, in line with findings by Madrid (2010) that women have the high potential

to become critical workers and innovators of the green economy.

Table 4.1 Gender and Marital Status

Description Status Percentage household

Gender Male

Female

64.1

35.9

Marital status Married

Single

51

49

Source: Survey data, 2017

Marital status of respondents provides information about the social structure of the community,

and its implications on the decision making regarding access clean energy. Findings as displayed

in Table 4.1 reveal that 51 % of respondents are married and 49% are single. The potential impact

of clean energy deprivation are greater for single parents and their children, especially for

female-headed households who are more likely to have a lower income, and would have to spend

more time out of home in search of income and collecting fuel, leaving children exposed to the
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potential hazards of high-carbon fuel use, confirming findings by Bouzarovski et al (2015) that

women and children bear the brunt of consequences of clean energy deprivation.

4.2.3 Household income

Information on household income provides a basis for assessing energy consumption patterns

and ability to pay for clean energy products and services. Findings (Figure 4.2) revealed that

56% of household heads earn an income of less than (about US$30) per month, 33.5% earn

between US$ 30-100 monthly while only 9.8% of households earn a monthly wage of over

US$ 300 monthly. It was also noted that households among the higher-income category have the

potential abi Iity to pay for clean energy installations such as solar PY s and gas cookers. 12.6% of

respondents did not disclose their income for personal reasons.

9.80%

101-300 31-100 0-30 '(IS$

Figure 4.2 Household monthly income in Naibunga Conservancy

Source: Survey data, 2013
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The high poverty level among most of the respondents indicated a significant barrier towards

access to clean energy, as noted by Karakezi et al (2012), pointing towards a need for financial

interventions from state and non-state agencies.

4.2.4 Average household size in Naibunga Conservancy

Information about family size facilitates the assessment of clean energy needs among rural

households and indicates the potential impacts of indoor pollution arising from high-emission

fuels. Findings in Table 4.2 reveal that the mean household size in the study area is 5.8 members,

indicating a large family size compared to Kenya's 4.4 household size average (CBS, 2002).

Table 4.2 Average household size and number of children

Description Mean Std Deviation Minimum Maximum

Household size

No of Children

5.82

3.5

2.19

2.22 o
10

8

Source: Survey data, 2017

This implied increased levels of overcrowding where houses consist of few rooms, creating a

greater exposure to the health risks arising from indoor pollution when traditional fuels are used,

especially at night when open fires are used for lighting, heating and cooking. This is supported

by UNEP (2001) who found a greater prevalence of respiratory diseases such as asthma and

acute respiratory infections (ARI) in crowded houses where large families occupy small living

spaces.

Respondents were also asked about the number of children in their households in order to

evaluate clean energy needs and the potential health risks to children exposed to traditional fuels.

On average, each household has 3.5 children, revealing a fertility rate which is lower than the
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national average of 4.6 children per woman (Population Reference Bureau, 2011), largely as a

result of single household heads (11.9%) who reported that they had no children. Results of a

paired sample t-test (tI50=9.224, p<O.OS) indicate a significant average difference between

household size and number of children, explained by a higher household size average, and a low

level of correlation (r=0.029, p<O.OS) between the two groups. The average number of children

per household was a matter of concern in the study as children in clean energy deprived homes,

according to WHO (200S), are more vulnerable to indoor pollution, with evidence of low birth

weight, increased infant mortality and respiratory problems among other health challenges. In

addition, children who are left at home are at a higher risk of accidents from open fires.

4.2.5 Description of housing structures in Naibunga

Respondents were asked about the structure of their dwellings, with regard to the permanence of

their houses. This guided the study regarding the potential willingness to upgrade to clean energy

and the possible hazards posed by the use of high-carbon energy fuels for cooking and lighting.

Housing structures were defined by the nature of building material used, and classified into

permanent, semi-permanent and temporary housing structures; where temporary houses are

constructed for temporary use with the use of materials that can be removed when the need of the

structure has ceased (BeA, 201S), commonly used by pastoral communities.

Results on the structure of dwellings by gender of household head (Figure 4.3) reveal that 66.9%

of the households live in dwellings made from semi-permanent materials, representing 41.8%

and 2S.1 % of male-headed and female-headed households respectively. Seventeen percent of

households live in temporary shelters, while lS.2% of households representing an equal number

of male and female-headed households live in houses constructed with permanent materials. This
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implied that, given the fmancial capability, female home-owners were more likely to invest in

permanent housing structures and upgrade to clean energy, as indicated by McInnes (2017) who

noted a clear link between poverty and poor housing conditions on clean energy access. In

addition, temporary housing favored male household-heads that largely had a nomadic way of

life. The large number of households living in semi-permanent and temporary structures, largely

made using combustible materials, significantly increases the hazards of exposure to open fires

from traditional fuels.

Penuanent Temporary Senu-permament

Fig 4.3 Description of housing structure by gender in Naibunga Conservancy

Source: Survey data, 2017

In response to questions regarding home-ownership, 71.7% of respondents claimed ownership of

their property, while 28.3% stated that they were residing in rental properties. This provided

positive indicators regarding willingness to switch to clean energy as studies (Langheim et ai,
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2014) reveal that home-owners are more motivated to invest in clean energy upgrades if they

were found to be more economical than traditional high-carbon fuel.

In order to assess clean energy needs and the potential risks of indoor air pollution to energy

deprived households, respondents were also asked about the size of their dwellings, as defined by

the number of occupied rooms in their houses, the results of which are summarized in Figure 4.4 .

-I room" 1 room .) rooms :! rooms

•.................

. . .

Figure 4.4 Average size of dwellings in Naibunga Conservancy

Source: Survey data, 2017

The average house size reported was two rooms for 60.2% of households, 16.5% of respondents

live in three-roomed houses while 12% stated that they lived in one-roomed houses. Given the

average number of 5.8 household occupants, with most of them living in two-roomed houses,

this suggested that a significant number of families in this area live in congested dwellings. This

results in low standards of living and increases their vulnerability to health risks arising from
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indoor pollution due to traditional fuel use. Queries were made regarding the duration of

household residency in current dwellings in order to assess the transitional, medium or long-term

nature of their stay, as a possible motivation to upgrade to clean energy facilities. The average

duration of residence in current dwellings is 2-4 years for 56.3% of households. A fairly high

number of respondents (35.2%) stated occupancy of over five years, indicating a high potential

to upgrade to clean energy, while 8.5% of households reported that they have stayed in their

current dwellings for less than a year. This confirms findings by Devine-Wright (2011) who

noted that the depth of attachment to household places of residence can either motivate support

or opposition to clean energy upgrade.

4.2.6 Household fuel use for cooking and lighting

Over 80% of sampled rural households depend principally on firewood for cooking, while 9.3%

rely on charcoal stoves as a fuel source. A small number of respondents (5.3%) reported the use

of liquid petroleum gas (LPG) stoves which are more portable and convenient for pastoralist

communities. An equal number of households (2.6%) reported that they use electric and 4-burner

gas cookers. The high dependence on wood products by 90% of rural low-income households for

cooking has adverse environmental and health implications, calling for policy and regulatory

interventions to transform fuel consumption towards a green economy. Fifty-three percent of

sampled households (Table 4.3) reported that they use kerosene lanterns for lighting, in line with

KIPPRA (20 I0) findings on household energy consumption trends. In addition, 20.5% stated that

they rely on small tin lamps while 6% of respondents cited the use of diesel generators.

A number of households reported that they use solar products for lighting and phone charging

with 4.6% declaring that they use solar panels while 3.7% rely on solar lamps for home lighting
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and phone charging. Four percent of households reported that they use battery torches while an

equal number of respondents (2%) reported the use of electricity and candles for home lighting.

An analysis of variance using a paired samples t-test (tI50=19.325, p<O.05) indicates a

significant difference between the average usage level of cooking and lighting fuel, explained by

a higher lighting fuel-use average, with a significantly low level of correlation (r=O.046, p<O.05)

between the two groups.

Table 4.3 Household fuel use for cooking and lighting

Fuel use Fuel type Percent household response

Cooking Firewood

Charcoal

LPG cookstove

LPG large gas cooker

Electric cooker

80.0

9.3

5.3

2.6

2.6

Lighting Kerosene lantern

Tin oil lamp

Diesel generator

Solar panels

Battery torch

Solar Pico lamp

Car batteries with LED lights

Candles

Electric lights

53.0

20.5

6.0

4.6

4.0

3.7

3.3

2.0

2.0

Source: Survey data, 2017

72



4.2.7 Average fuel expenditure

Results (Table 4.4) reveal that 34.9% of households spend between US$ 2-5 monthly and 32.2%

spend between US$ 6-10 monthly on largely high-carbon fuel. In addition, 17.8% of respondents

indicated an average expenditure of US$ 11-20 per month. A smaller portion of respondents

(8.9%) reported that they spend US$ 21-30 per month while 6.1 % spend between US$ 31-50 of

their income on fuels. The mean expenditure on high-carbon fuels was estimated at US$ 12, with

a standard deviation of 1,166.3. Given an average household income of below US$ 30 monthly,

expenditure on high-carbon fuels represented over 30% of average household income, supporting

studies by Wamukonya (1995) and IFe (2014) implying a threat to the financial welfare of clean

energy deprived households, as less income remains for food, health care, education and savings.

Table 4.4 Household fuel expenditure

Monthly spending (US$) Percent household response

2-5

6-10

11-20

21-30

31-50

34.9

32.2

17.8

8.9

6.2

Source: Survey data, 2017

4.2.8 Challenges of high carbon fuel use

The main concern of respondents who principally rely on high carbon fuels like firewood,

charcoal and kerosene, was high fuel costs (44%) followed by health risks of indoor pollution

(24.2%) and safety risks (7.9%). Other concerns cited were limited fuel hours (5.5%), time

delays in collecting fuel (5.3%) and limited study hours for children (5%). Responding to 'other'
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concerns, 2.9% of respondents mentioned the seasonality of traditional fuels as a challenge, as

summarized in Table 4.5

Table 4.5 Concerns about high-carbon fuels

Nature of concerns Percent household response

High fuel cost

Pollution health risk

Safety hazard

Limited fuel hours

Time delay in fuel collection

Limited study hours

Seasonality of fuels

44.0

24.0

7.9

5.5

5.3

5.0

2.9

Source: Survey data. 2017

In order to quantify the concerns of respondents, further in-depth questions were raised to assess

the social costs of high-carbon fuel use, related to 2016 experiences, as summarized in Table 4.6.

Average monthly fuel expenditure of US$12 on high carbon fuels was considered to be a

significant financial burden. Indoor air pollution also had a high social cost of US$ 40.7 per

month, with average monthly medical spending on allergies (US$ 13), asthma (US$ II),

respiratory infections (US$ 6.3) and eye infections reported at US$ 10.4 monthly, supporting

findings by WHO (2016) on the health impact of indoor pollution. The average annual number of

burn incidents in 2016 was reported at 15, with one reported case of suffocation in the same

period. Limited fuel output and limited study time of2.5 hours daily was mentioned as a concern

by 5.5% and 5% of respondents respectively.
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Table 4.6 Perceived social costs of high-carbon fuels

Fuel use challenge Nature of risk Percent

household

A verage household

cost, time or incident

response

High fuel cost Income deficiency 44 US$12 per month

Pollution health risk Allergies

Respiratory infections

Asthma

Eye infections

24.2 US$13 per month

UD$6.3 per month

US$.ll per month

US$! 0.4 per month

Accident risk Burns

Suffocation

7.9 15 reported incidents

! reported incident

Limited fuel-hours 5.5 2.5 fuel-hours daily

Fuel collection delays 5.2 2 hours daily

Restricted fuel access 5.3

Limited study hours 5.0 2.5 fuel hours daily

Seasonal supply 2.9

Source: Survey data, 2017

4.2.9 Challenges of grid electricity power

A few users, representing less than 3% of sampled households, claimed that they use electricity

power. Questions were raised about the challenges experienced with grid power supply. The key

concerns mentioned include the high cost of connection, stated at US$350 as noted by 21 % of
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the respondents and high cost of fittings averaging US$II 0 according to 11% of the respondents.

Regular blackouts averaging 20 hours per week was another concern noted by 21 % of the

respondents. Other challenges were service delays and the length of time taken to get connected,

averaging 5 months, as cited by 16% and 15% of respondents, respectively (Table 4.7). Power

rationing, averaging two hours daily was also a concern noted by 6% of respondents, while a few

households (3%) cited safety risks as a concern. This implies that rural access to the power grid

is largely constrained by high connection costs. In addition, rural grid supply networks are

challenged by supply side constraints as noted by the World Bank (2015).

Table 4.7 Challenges experienced by electricity users

Electricity use challenge Percentage of users Average cost / time

High connection cost 21 US$ 350

Blackouts 21 20 hours weekly

Service delays 16 16 hours

Connection delays 15 4 months

High cost of fittings II US$ 110

Power rationing 6 2 hours daily

Power wattage fluctuations 3

Safety risk 3

Source: Survey data, 2017

4.3 Role of energy sector actors in the development of clean off-grid energy

A critical analysis of institutions in the development of the household off-grid sector through key

informant interviews provided a framework for the study. The aim of the institutional survey was

to assess the level of stakeholder awareness of renewable energy policy in line with off-grid
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clean energy, actions towards delivery of clean energy to rural areas, funding sources, level of

participation in national energy policy and noticeable regulatory gaps.

A number of key informants were interviewed for the study, to assess the specific role played by

selected actors in the delivery of clean energy to off-grid rural households. This included a

Renewable Energy Officer from the Ministry of Energy and Petroleum. This State institution was

selected as it plays a principle role in setting policy and strategic direction for the growth of the

energy sector. Also selected was an Environmental Scientist from the Rural Electrification

Authority (REA), the principle State player in Kenya's Rural Electrification Master Plan as

proscribed in the Energy Act, 2006. In addition, an Officer from the Energy Regulatory

Commission (ERC), established under the Energy Act, 2006 to regulate the petroleum, electricity

and renewable energy sector, was interviewed. Also interviewed was an Administrator from the

Local Infrastructure Division of Laikipia County Government. This institution was selected as

prominent in the provision of clean energy to rural households, as the role of County

Governments in the planning and regulation of clean energy supply in their area of jurisdiction is

clearly enshrined in the Constitution.

An Administration Officer from the Kenya Private Sector Alliance (KEPSA) was interviewed.

This institution was selected as it is a prominent national body representing the private sector in

Kenya. A Project Officer from World Vision International was also selected as a key informant.

This Non-Governmental Organization was selected as prominent civil society actor because it

has a significant presence in remote parts of Kenya by providing solar-powered clean water and

off-grid energy products to households. In addition, an Electrical Engineer representing a private

developer in the energy sector was selected due to the key role of private investors as active
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players in the off-grid market, as recognized by the Government of Kenya in its Private Sector

Partnership Delivery under the 2012 Feed-in Tariff Policy. The role of local communities was

considered important as they are the principal beneficiaries and players in the shaping of clean

energy delivery and policy as enshrined in the Kenya Constitution 201O.The study therefore,

selected a community elder who was well recommended by residents in the targeted study area.

The principal line of enquiry included the general level of awareness of Energy Policy in line

with off-grid clean energy development, participation in clean energy delivery, factors

constraining rural household access to clean energy, funding sources for clean energy

development, the level of participation and perceptions regarding policy gaps in National clean

energy policy formulation and programs, as discussed in detail.

4.3.1 Awareness of National Energy Policy in line with off-grid energy

The extent of knowledge about clean energy policy and programs w':ls important to the study as it

provided a framework for examining the role of actors in the delivery of clean energy. Findings

revealed that the State agencies, the Ministry of Energy, Energy Regulatory Commission (ERC)

and Rural Electrification Authority (REA) are fully aware of National Energy Policy, under

review, in line with clean energy provision, as outlined in the Kenyan Constitution 2010, which

recognizes a clean and healthy environment as a basic right for all Kenyans, and the Vision 2030

Strategy which aims to transform Kenya in to a newly industrializing middle-income country,

providing a high quality life to all citizens through infrastructure transformation and expansion

of access to clean energy.
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The REA also acknowledged the Sessional Paper No.4 which provides a framework for its role

in rural electrification, and the Kenya's Energy Act of 2006, which makes a provision for the

mitigation of climate change through energy efficiency and promotion of renewable energy. The

State agencies, Ministry of Energy and Petroleum, ERC and REA also cited awareness of the

Draft Energy Bill of 2015 which aims to ensure the provision of adequate, quality, sustainable

cost-effective and affordable supply of clean energy, and the National Digital Learning Program

which aims at accelerating the provision of universal clean energy to primary schools in all

counties through grid and off-grid power supply.

The County Government in formant acknowledged the Kenya Constitution 2010 which spells out

its role in planning and regulation of clean energy development within its jurisdiction, supported

by the Draft Energy Bill of 2015, which aims to further clarify the roles of the National and

County Governments in relation to clean energy delivery, However, the representative did not

have adequate knowledge about national programs and strategies to, expand clean energy to rural

households through grid and off-grid projects, implying that County Governments are not strong

participants in clean energy delivery to their area of jurisdiction. The non-governmental official

was familiar with provisions of the Constitution and Vision 2030 which aims to provide

universal clean energy and the Last Mile Connectivity Project which is geared towards

expanding electricity access to Kenyans across the country, targeted to reach over 1.5 million

Kenyans through grid and off-grid supply programs.

The Private Developer claimed active participation In the Independent Power Project (IPP)

Procurement Program, where the Kenya Power and Lighting Company (KPLC) purchases power

from IPPs. They also acknowledged the Last Mile Connectivity Project and the Feed in Tariff
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Policy (FiT) revised in 2012 which provides independent power producers with standard tariffs

and guidelines for connecting small scale renewable energy to the grid. This was supported by

the KEPSA representative who also cited awareness of the Draft Energy Bill of 2015 and the

National Electrification Strategy (2017) which was targeted to achieve 70% electrification by

2017. The community leader was unaware of any national energy policy and programs in line

with off-grid clean energy development, implying a strong need for awareness programs at

community level.

4.3.2 On-going rural off-grid energy delivery programs

To assess the extent of clean energy delivery, queries were made regarding the role of agencies

in delivering off-grid clean energy to institutions, households and community groups as

summarized in Table 4.8.

Table 4.8 On-going rural off-grid clean energy delivery programs

Actor Legal provision Reported clean energy programs

Ministry of Energy and

Petroleum

Sessional Paper No.4 of 2004 National energy and renewable

and Executive Order No.1 Of energy' policy formulation and

2016 (GoK, 2016) Kenya's SE4AII Action Agenda

(2015-2030)

Energy Regulatory

Commission

Energy sector regulation under

Energy Act, 2006

Implementation and regulation of

the energy policy formulated by the

Ministry of Energy

Rural Electrification Authority Rural electrification under Installation of grid, mini-grid and

Energy Act, 2006 stand-alone installations for

institutions and households

County Government Planning and development, No active clean energy programs
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Kenya Private Sector Alliance

licensing, permits, regulation reported. Performs licensing

and reticulation within their approvals for program sponsors.

jurisdiction

Public policy participation Training and delivery of solar

Article 174 (c) and 196 (I) powered boreholes and clean cook

(b) of 20 I0 Constitution stoves

Public policy participation Public policy participation in Draft

Article 174 (c) and 196 (I) (b) Energy Policy (2015) and review

of 20 10 Constitution of Fit (2012 Tariffs

Non-governmental

Organization

Private Investor Private Sector Partnerships Delivery to off-grid institutions,

and Delivery under FiT Policy households and community groups

(2012)

Community Leader Public policy participation Self-help household installations

Article 174 (c) and 196 (l)(b)

of 20 10 Constitution

Source: Survey data, 2017

The Ministry of Energy and Petroleum, stated the key informant, is currently involved in the

formulation of the Draft Energy Policy. It has also developed the Action Agenda (2015-2030)

under the Sustainable Energy for All Initiative and indicated that inclusion of County

Government in this initiative was part of the mid-term plan. The Energy Regulatory Commission

informant stated that the institution implements and regulates Ministry of Energy Policy and

formulates renewable energy standards and regulations. The Rural Electrification Agency under

the Master Plan for Rural Electrification, stated the key informant, has "powered over 12,000

institutions nationwide, through grid and off-grid electricity and over 200,000 off-grid rural

households are currently benefitting from clean energy supplied through solar panels and small

hydro projects". Through the Primary Schools Electrification program, REA has powered 95%
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of primary schools through grid and off-grid power installations. This project has also increased

clean energy access to businesses and households that are located near the schools. This

statement was supported by the Ministry of Energy and Petroleum representative and the ERC

informant who stated that the REA is working on programs focusing on off-grid schools in

partnership with the World Bank. He noted, however that programs are not inclusive of all off-

grid areas, with a large portion of households left out, supporting findings by IFC (2014).

World Vision International has installed solar-powered clean water boreholes in Northern Kenya,

which benefits over 3000 residents and a local school, while providing informal training for local

artisans to maintain the equipment. In addition the NGO provides subsidized clean energy cook

stoves, coupled with training on clean energy use, to residents through the Clean and Energy-

Efficient Cooking Stoves (CEECS) as an initiative to improve child and maternal health,

targeting areas where deforestation is severe, such as Northern Kenya and Solai, Rift Valley.

The private developer stated they are active in selling solar PVs and rechargeable instruments to

off-grid institutions, households and community groups country-wide, but claimed that access to

remote households is limited due to infrastructure constraints. The KEPSA informant noted that

a few credit initiatives in rural Kenya, such as M-KOPA and rural micro-finance institutions

were promoting access to clean energy in rural Kenya through the sale of off-grid household

products. However, he indicated that private clean energy investment in remote parts of the

country was considered high risk and largely absent, supporting findings by KCIC (2016). The

Laikipia County Government informant stated that no county-sponsored clean energy delivery

program for off-grid households or institutions is in process, however, licensing approvals have
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been given to private and non-governmental project sponsors. The community leader noted that a

few households in the local community have installed solar panels through self-help initiatives.

4.3.3 Sources of funding for clean energy delivery

The Rural Electrification Authority, as stated by the informant, is a principal recipient of State

funding for rural clean energy delivery, through budgetary allocations. In addition REA receives

funding from international development partners. This was confirmed by the Ministry of Energy

informant who noted that funding of REA for rural electrification was supported by development

partners like World Bank and African Development Bank. He stated, however, that the Ministry

was not a recipient of clean energy funding as its principle mandate was policy formulation. This

was supported by the ERC informant who stated that the regulatory institution was not a

recipient of clean energy funding.

Disclosures from the County Government informant also revealed that they did not receive direct

financing from any source for clean energy delivery. However, the official stated that they

provided indirect support in terms of partnership funding to REA and non-governmental

organizations in order to facilitate clean energy delivery and training programs within their

jurisdictions. Non-governmental organizations, according to the key informant, rely primarily on

direct funding from donors and development partners, carbon financing and remittances from

community groups for clean energy products. The principle source of funding for private

developers in the delivery of clean energy to rural areas is banks, remittances from clients and

investment capital. The private developer also stated that they receive a significant amount of

remittances from women's groups for clean energy products, implying the strong potential of
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such groups to influence the upgrade to clean energy. This supports findings by UNDP (2016),

indicating that women had a strong motivation for influencing behavioral change in household

clean energy consumption. The principle source of funding for households, according to the

community leader, is self-help groups and personal household savings.

4.3.4 Factors constraining clean energy delivery to rural households

Informants were questioned about their perceptions concerning key barriers to clean energy

access by remote households. Funding constraints was highlighted as a significant factor

constraining clean energy delivery to households due to the high capital requirement for clean

energy products, especially biogas co-generators, windmills, cook stoves and solar PV

accessories, which includes backup storage units and power regulators. This claim was supported

by the County Government informant who stated that they do not receive devolved funding for

clean energy development. The private developer noted that the cost of finance is high due to

prevailing interest rates, constraining their delivery to rural households at a price which was

affordable to them. The community leader noted that clean energy products are unaffordable for

most households, leading to reliance on high-carbon fuels.

Limited business capacity was also cited as a constraint by key informants. The REA informant

noted that the "business motive to invest in clean energy among remote, rural communities is

unworkable." Non-governmental organizations were challenged in supplying clean energy

products to remote rural communities due to the low business capacity in these areas, leading to

high logistical costs in the delivery of components from urban areas. The private developer

supported this claim, stating that low investment capacity and poor infrastructure increases the

cost of doing business in remote rural areas.
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There was consensus among the respondents regarding the low intermittent income of remote

households as a constraint to clean energy access. The Rural Electrification Agency informant

stated that consumers do not have the financial capacity to pay for clean energy access, creating

a delivery constraint, especially in remote parts of the country. This claim was supported by the

ERC informant who noted that remote low-income households were unable to pay for energy

services. The private developer noted that the low household income, which is below a dollar a

day, is a barrier to investment in clean energy, especially in remote parts of Kenya. This finding

was supported by the KEPSA representative who stated that expected returns on clean energy

investments would not be viable in remote settings. The NGO informant observed that

"households tended to default on low-interest loans for the supply of clean energy cook stoves

due to income constraints, especially during the dry season".

The nomadic culture of pastoralist communities is also a constraint to clean energy access as

households are difficult to identify and reach for clean energy programs. The REA informant

agreed that programs designed for remote households in arid and semi-arid areas such as

Laikipia North and large parts of Northern Kenya are difficult to 'implement because households

are inaccessible, especially during the dry season. This constraint was supported by the NGO

informant who noted that the extended drought was constraining access to a large number of

households who had moved away from the area.

Lack of rural household awareness about clean energy and "cultural mindset regarding

traditional fuel" use was observed as a significant constraint by the County Government

representative, thus households do not perceive clean energy access as a priority in improving

their standards of living. The NGO informant concurred that the cultural mindset of rural
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households is a barrier, claiming that users, when supplied with clean energy cooking

implements at little or no cost, prefer to continue using high-carbon fuels for daily use, "while

reserving clean energy products for guests or special occasions".

An additional constraint to clean energy access is poor market access by remote rural households

due to geographical barriers, poor roads and communication infrastructure. This was supported

by the community leader who noted that "residents and local business operators have to travel

long distances to the nearest town in order to send documents or parcels". Political apathy at

County Government level was mentioned as a barrier by the NGO informant, as it was perceived

that expansion of clean energy access is not highlighted as a development priority at County

level. This supports findings by Zomers et al (2007) and Haanyika (2005) indicating that capital

constraints, scattered low-income households and poor terrain conditions are primary constraints

to clean energy investment in remote off-grid areas.

4.3.5 Inclusiveness of actors in clean energy policy and planning

In order to assess the level of inclusiveness in clean energy policy and planning, informants were

questioned about their participation in the national policymaking process. The Rural

Electrification Authority and Ministry of Energy and Petroleum representatives reported that all

stakeholders are involved in clean energy policy and planning. However this perception was not

shared by the County Government official, who claimed that they were largely excluded. The

private investor and community representative also claimed that they were not involved in clean

energy policy and planning The ERC informant recognized that stakeholders were involved in

clean energy policy and planning, but "the process was not carried out in a structured way"
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indicating that key stakeholders in remote rural communities were likely to be left out of the

planning process ..

In contrast, however, the KEPSA informant stated that members were involved in formulating

the National Electrification Strategy of 2017, Kenya's SE4AII Action Agenda (2015-2030) and

negotiation for favorable tariffs in the FiT Policy (revised, 2012). Non-governmental

organizations also cited partial involvement in national policy-making through lobbying actions

for increased subsidies and emission taxes to expand inclusive access to clean energy. The

diverse stakeholder perceptions in policy inclusiveness indicated that public engagement is not

carried out in a structured and thorough manner, thus a significant proportion of actors,

particularly local communities and women, are left out. This is supported by USAID (2018)

findings regarding documented complaints of inadequate engagement of communities in clean

energy projects.

4.3.6 Barriers to effective stakeholder participation in Clean Energy Policy and Planning

Varied responses were given regarding possible barriers to stakeholder participation. The State

agency pointed towards a lack of capacity and knowledge gap among stakeholders, constraining

them from effective participation at National level. This perception was shared by the ERC

informant who stated that stakeholder sensitization is inadequate. The County informant claimed

that National Government excluded County representatives during national energy planning and

policy-making. Perceptions by the non-governmental informant revealed a general State

unresponsiveness to lobby groups, while the private investor representative cited a failure by

Central Government to reach communities at grass-root levels. As a further observation, apathy

by media agencies towards rural clean energy policy and planning was observed as a noticeable
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barrier to communication between State and stakeholder groups, while the community leader

cited communication and language barriers as a key constraint to community participation at

national energy planning and policymaking. A key barrier, as reported by Lempke and Harris-

Wai (2015), is insufficient empirical findings on the outcomes of stakeholder engagement,

leading to a knowledge gap on the best practices for public participation in the policy arena ..

4.3.7 Gaps in national clean off-grid energy policy and programs

Opinions were sought from informants about noticeable gaps in national clean energy policy and

programs. Lack of subsidies for rural household access to clean energy was considered as a

significant policy gap by non-governmental, private and community sectors. Respondents from

the County Government and non-governmental sector were concerned about the lack of adequate

stakeholder participation in clean energy policymaking and planning. Lack of clean energy

awareness among rural households, especially those located in remote areas was noted as a

concern by State energy and County representatives. Concerns were also noted by informants

from the non-governmental and private sector that low private sector investments in rural clean

energy as well as lack of robust public-private partnerships are policy gaps that needed to be

addressed.

With regard to institutional gaps, concerns were raised by the private developer and the Non-

Governmental Organization official about poorly coordinated institutions in the energy sector

and lack of devolved funding targeted specifically towards clean energy expansion to respective

County Governments. This is compounded by the "low-priority status given to clean energy

development at County level", a concern noted by the NGO informant. In addition, it was noted
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that devolved funding in general is un-coordinated and underutilized, "while mismanagement in

the allocation of funds" was cited as a policy gap that needed to be addressed, in line with

findings by IDIS (2014). The concept of carbon financing, cited the non-governmental

informant, is not fully exploited at national and county level, yet the funds could be made

available to expand rural access to clean energy. The ERC informant noted that State-sponsored

off-grid installations for schools and households were not sustainable, as a large portion of

remote households were left out and connected users did not have the financial capacity to

maintain the facilities in the long run.

4.3.8 Suggested reforms for off-grid clean energy expansion

As policy gaps were identified by respondents, they were requested to suggest adequate policy

measures to reduce the gap and accelerate access to clean energy to remote rural areas.

Suggestions from key informants on how policy gaps could be reduced in order to expand clean

energy access to rural households were varied. The REA informant noted that capacity building

for stakeholders, especially local communities, is important, in order to increase awareness of

the benefits of clean energy and the channels available in order to participate more fully in

policy-making. The private developer noted that more viable private investment models are

needed for expansion of clean energy in remote parts of the country in order to alleviate supply-

side constraints and reduce costs in the delivery of products and stand-alone installations.

Targeted devolved funding towards clean energy development, as agreed by County and private

sector informants, would also contribute towards inclusive access by unreached households.

KEPSA suggested that more viable community-based clean energy projects, such as biomass

plants, for remote rangeland communities should be developed and maintained by County
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governments as a market oriented strategy. The NGO informant noted that subsidies targeted

towards rural households or community groups, whose incomes are low and intermittent, would

be a key driver towards inclusive clean energy expansion.

Carbon financing, cited the non-governmental informant, needs to be exploited by public and

private sector actors in order to "reduce funding constraints for clean energy expansion, and

allow funds to trickle-down to low-income households" through policy mechanisms. Due to the

health hazards posed to households by the use of high-carbon fuels, compulsory programs should

be implemented for rural household installations of clean cooking and lighting products

For effective policy actions, community leaders and households should be engaged by National

and County leaders through public participation forums to assess their energy access needs and

challenges, while more awareness programs and clean energy training should be conducted to

correct cultural and traditional mindsets and enhance household willingness to adopt low-carbon

technologies for cooking and lighting. Finally, the increased role of media in the national

dissemination of information about clean energy and carbon financing, as agreed by informants

from the non-governmental and private sector, is vital towards inclusive access to clean energy

by off-grid remote households. This supports findings by Young and McComas (2016) that the

media offers a low-cost alternative for reaching large audiences, even in the most remote

locations.

4.4 Social Viability of renewable off-grid technologies

Household consumption patterns and perceptions regarding clean energy supply provided a

framework for assessing the social viability and acceptability of renewable off-grid technologies.
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A number of indicators, such as proximity to the grid network, and future expectations regarding

grid connectivity, clean energy awareness and preferences and willingness to payor switch from

traditional fuels were assessed.

4.4.1 Proximity to the nearest power grid network

Respondents were asked to estimate how far their homes were located from the nearest grid

electricity network or electricity pole. Fifty-two percent of respondents stated that the nearest

grid power line was 10-20 km from their home, 27% stated that they live less than 10km from

the nearest grid line, while a significant number (13.9%) claimed that they live 20-30 km away

from the nearest grid network. A number of respondent (4.6%) were unaware of the distance to

the nearest power network.

Figure 4.5 compares the. proximity and connectivity of residents to the nearest power grid

network. Most of the households were located between 10-20 kilometers from the power grid,

this implied that distance to the nearest electricity infrastructure is not a key consideration in

household decisions about the location of dwellings, and other factors such as access to water

resources and pasture for their livestock are more significant. Further investigations also revealed

that respondents who were connected to electricity are living less than 1 kilometer away from the

national grid, however this represented a very small proportion of residents as most of them in

the same proximity zone are not connected to electricity. A significant number of households

(27%) live less than a kilometer from the power grid but only 2% are connected. This indicated

that proximity to the nearest power grid network is a positive but not a sufficient factor in rural

electricity connectivity due to the low and intermittent income of households and largely pastoral

lifestyle which is a significant barrier to grid power access. This supports findings by Lee et at
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(2016) demonstrating that, even under ideal rural settings with high population and extensive

grid networks, electrification rates remain below 5% for rural households in Western Kenya.
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Figure 4.5 Distance and connectivity to the power grid network

Source: Survey data, 2017

4.4.2 Expectations regarding future grid connectivity

To assess household expectations and level of awareness regarding future connectivity to the

national grid, respondents were asked about the length of time they expect it would take to get

connected to the power grid. Households were fairly optimistic about the number of years it

would take to be connected to the national power grid, with 41.8% of households stating that

they would be connected within 2-4 years, while 34.6% believed that they would be connected

between 5-7 years. About 16.4% of the respondents were hopeful that they would be connected
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in less than a year, while 7.3% believed it would take 8-10 years to be connected to the power

grid (Figure 4.6). Over 27% of respondents claimed that the likelihood was unknown or

indefmite, especially those living over 20 kilometers from the grid network, which implied that

respondents are either lacking awareness or optimism about Government plans to extend the grid

to their area.

With regard to gender perceptions regarding connectivity to the power grid, male-headed

households were more optimistic than female-headed households, as only male respondents

reported an expectation of connectivity within less than one year. There was a more balanced

gender perception about connectivity in the long-term, between 8-10 years, implying that both

male and female household heads shared a negative outlook regarding future power grid access.
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Figure 4.6 Expectations regarding future electricity connectivity by gender

Source: Survey data, 2017
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The relative lack or' optimism by female headed households implies that they are likely to be

more economically constrained than their male counterparts in accessing electric power, even

when they have proximity to the power grid in line with studies by Baruah (2017) who noted that

women were constrained by purchasing power and low social status.

4.4.3 Awareness and sources of information on clean or renewable energy

Findings revealed that 83% of respondents (61 % male and 39% female) are aware about clean

energy. Those not aware about clean energy are 16.6%, all male respondents. This implies that

female household heads, particularly within the framework of women's groups, are more likely

to appreciate the henefits of clean energy than their male counterparts, who expressed a measure

of indifference to clean energy. This gender imbalance in terms of clean energy awareness could

also be attributed to the nomadic lifestyle of male counterparts, while women, who are the

principle caregivers and users of cooking fuel, are more likely to be concerned about the

domestic challenges and likely health hazards to themselves and their children, with the use of

high-carbon fuels for lighting and cooking. This supports findings by Baruah (2017) who noted

an increased awareness by women in India regarding the dangers of indoor pollution.

The prime source of information (Figure 4.7) about clean energy, cited by aware respondents, is

the electronic media, with radio and television reaching 22.9% and 19.2% of respondents

respectively. This is followed by the local market or informal vendors, reaching 22.5 % of

respondents. Households that were informed by newspapers and magazines were 18.7%, while a

significant number of households representing 17.4% benefitted from community education.
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Figure 4.7 Principal sources of information about clean energy

Source: Survey data, 2017

Results highlight the importance of the media, especially radio, as a tool of awareness programs

in reaching remote rural communities. In addition, the role of the informal business sector is

important in creating awareness among rural communities about clean energy, confirming

studies by Habitat (2016), as they are exposed to less risk compared to the formal business

sector, in overcoming logistical barriers to access remote markets and expand clean energy

access. Respondents who were unaware stated the possible reasons for their lack of knowledge

about clean energy. Findings (Figure 4.8) reveal that lack of community education (30.7%) and

lack of interest in modem energy (30.7%) are the most signifIcant factors hindering access to

knowledge about clean energy. Poor media access and pastoralist lifestyles were cited by 20%

and 18% of respondents respectively.
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Fig 4.8 Reasons for lack of knowledge about clean energy

Source: Survey data, 2017

30.7%

30.7%

The apparent indifference, of largely male respondents, about clean energy, coupled with

insufficient community education and poor media access provides a significant indicator that

rural pastoralist households are likely to be left out of the green economy, unless targeted

interventions, through clean energy awareness programs, are .rnade by State and non-State actors,

including the media.

4.4.4 Household clean energy preferences for lighting

In order to assess the social preferences and ranking of clean energy products, including

household trade-off.", in the absence of grid power, respondents familiar with clean energy

selected from a range of products which include wind turbine, electric lighting, solar

photovoltaic (PV), Pico solar and battery powered torches. To facilitate the social ranking of the

most preferred lighting technology a Likert scale ranging from 1 (least preferred) to 6 (most
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preferred) was developed and used (Table 4.9). The non-parametric Friedman rank test was used

to establish the mean ranking of technologies.

Table 4.9 Preference rating of clean lighting technologies

Technology selection by number of households

Preference Electric Solar PY Solar Pico Wind Gas lamp Battery

score lights turbine torch

6 60 27 10
5 34
4 3 28 3
3 9 19
2 15 3 9 3
I 8 3 9 46

Total score 368 332 129 121 96 52
Source: Survey data, 2017

The most preferred modern lighting technology (Figure 4.9) is electrical lighting, with a total

preference score of 368 followed by solar panels with a preference score of 332 and Pico solar

lamps with a score of 129 confirming findings by Barua (2017) who noted a high preference for

sular lamps by rural households. The least preferred lighting source, according to household

preferences, was battery torches with a score of 52, while gas lamps reported a score of 96. A

Friedman test (i (5) =151.37, P = 0.000) indicated a significant difference in the distribution of

respondents between the groups of clean lighting technologies. Further testing using the

Kendall's W test (Kendall W= 0.890) indicates a highly significant level of consensus among

respondents on the rating of clean lighting technologies.
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Figure 4.9 Household ranking of clean energy technology for lighting

Source: Survey data, 2017

4.4.5 Reasons for preference of selected modern lighting technologies

Respondents were asked to state the attributes of their preferred energy source for lighting,

namely electric lighting and solar panels, The most significant attribute of electricity, as reported

by respondents, was ease of doing business (23%) and affordability (19.8%). Safety of use and

instant access to power (14.2%) were also cited as significant reasons for selecting electric

lighting as a preferred technology 8% reported that the power source is modern and prestigious.

This implied a strong preference of electricity as a lighting source by the business community.

Respondents also gave a number of reasons why they prefer solar panels in the absence of

electricity power, as summarized in Table 4.10. The most significant attribute of solar PYs, as

reported by households, is affordability (43%) while an equal number of respondents (17%) cited

reliable power supply and the absence of rationing as a reason for their preference. Abundance of
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the resource was reported by 8% of respondents while an equal number of households (6%)

noted that solar PVs are safe and easy to use.

Table 4.10 Reasons for high preference of selected clean lighting technologies

Lighting implement Perceived benefit Percentage household

Electric lighting Favorable for business
Affordable
Instant access
Safe to operate
Efficient output
Clean energy
Modern technology

23
19.8
14.2
14.0
10.5
10.5
8.0

Solar PV Affordable
Reliable power output
No power rationing
Abundant resource
Safe to operate
Easy to operate

43
17
17
8
6
6

Source: Survey data, 2017

The study noted that a significant number of respondents who reported "affordability" of solar

PVs as an attribute were reliant on high carbon fuel, such as paraffin lamps for lighting. The fact

that signi ficantly few households own solar panels implies that the capital cost of the equipment

and accessories is a significant barrier to accessing preferred clean energy sources for lighting.

Household preferences revealed a strong user value for electric lighting. In the absence of

electricity, households are willing to trade-off the relative ease of doing business attribute

provided by grid power in their selection of alternative off-grid clean energy lighting sources.

Respondents also cited reasons for low preference of selected lighting technologies (Table 4.11).

The least preferred energy source is battery powered torches. Significant reasons, given by 18
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respondents, included the high cost of replacing batteries (52%) and the short product life and

low quality of torches in the market reported by 38% and 10% of respondents respectively.

Twenty one respondents supplied information about their low preference for gas lamps, with the

biggest concern being perceived fire risk (38%), while explosion hazard was cited by 37% of

respondents. The high capital cost of gas lamps was also noted as a concern by 25% of sampled

household heads.

Table 4.11 Reasons for low preference of selected clean lighting technologies

Lighting implement Concern Percentage household

Battery powered torch High cost of battery replacement
Short product IiFe
Low quality

52
38
10

Gas lamp Fire risk
Explosion risk
Costly

38
37
25

Source: survey data, 2017

4.4.6 Clean energy preferences for cooking

Respondents, classified by gender, selected their preferences of clean energy technologies for

cooking among a variety of technologies such as electric cookers, biogas digesters, clean energy

cook-stoves and gas cookers. The inclusion of electric cooking implements facilitated the

assessment of household trade-offs in perceived attributes of clean off-grid products as a

substitute to grid electricity. From the selection of 4 cooking implements, respondents were

required to rank their preference from a score of 1 (least preferred) to 4 (most preferred) the
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results of which were subjected to a Friedman test to establish a mean ranking of preferred

technologies as summarized in Table 4.12.

Table 4.12 Preference rating of clean cooking technologies by gender

Technology selection by number of respondents

Electric cookers LPG gas Improved Biogas
cookstove cookstove

1-- ..

Preference score Male Female Male Female Male Female Male Female

l-- .h-- 44 23 14 2 2 3
" ------------
.) 13 2 7 8 7 3
2 10 2 6 6 11 5

._-
I 9 3 11 I 5 4 12 10

--
Total score by 185 95 126 17 52 52 55 29
gender,..-.
Total score 280 143 104 84

Source: Survey data, 2017

The most preferred energy technology for cooking purposes is the electric cooker, with a male

preference score of 185 and female score of 95. This is followed by LPG portable gas cookers

with a male preference score of 126 and female score of 17 indicating a high male preference for

modern cooking technologies, like electricity and gas. Clean energy cook stoves were ranked

third with a score of 104 selected by a proportionate number of male and female respondents

with an equal preference score of 52, indicating a strong potential for household market demand.

The least preferred household energy source for cooking is biogas fuel reporting a score of 55

and 29 by male and female respondents respectively, possibly due to the cumbersome task of
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operating the cooking implement. Results subjected to Friedman test ri (3) = 77.09, P = 0.000)

indicated a significant difference in the distribution of responses between the groups of cooking

technologies. Further testing using the Kendall's W test (Kendall W= 0.627) revealed a fairly

significant level of concordance between respondents on the rating of clean cooking

technologies. Results showing the social ranking of technologies are summarized in Figure 4.10.

52

Clean cookstoveBiogas LPGcookstove

95

• Female

.Male

Electric cooker

Fig 4.10 Ranking of preferences for clean cooking technologies by gender

Source: Survey data, 2017

The ranking of clean energy preferences by gender implied that rural male-headed households

have a high preference for modem cooking technologies, such as electricity and LPG gas, while

women, who are the likely end users, have a high preference for clean cook stoves, which are

perceived to be more accessible and practical for household use in line with studies by Global
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Alliance for Clean Cookstoves (2014), indicating that women have a central role in increasing

the adoption and improvement of clean cookstoves.

4.4.7 Reasons for high preferences of electric and LPG cooking technologies

The most preferred energy source for cooking is electric cookers followed by LPG stoves. A

sample of 10S respondents presented reasons why they prefer electricity as the best technology

lor cooking. A significant number of households (38%) cited that it is time-saving, as they did

not have to collect the fuel. This was supported by 15% of respondents who stated that it

increased business productivity as they would be able to devote more time to business. Nineteen

percent of respondents stated that the fuel is convenient and easy to use as the energy source did

not require any refill. A few respondents (10.5%) noted that the energy source is affordable

indicating that affordability is not a strong reason for the preference of electricity while 9.5%

stated that the source was modern and prestigious. Eight percent of respondents recognized that

electricity is pollution free, indicating that cleanliness of the preferred cooking fuel is not a

strong motivation to switch to electricity, as the resource was largely preferred by male

household heads.

Households also expressed a preference for LPG stoves as the next alternative if power supply

was unavailable. The most significant attribute of LPG stoves is affordability, as claimed by

33.6% of respondents followed by portability (27.2%), which was seen to be convenient for a

pastoralist lifestyle, as most of the household heads that had a high preference for gas cookers

were male. An equal number of respondents (18.1 %) claimed that gas cookers are time-saving

and convenient to operate compared to high carbon fuels (Table 4.13). In the absence of grid

electricity access, this implied that households were willing to trade-off the perceived time-
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saving attribute of grid power in the selection of alternative clean off-grid cooking resources.

However, household trade-offs are also determined by socio-economic factors, as revealed by

Kosncnius and Ollikainen (2013) who noted that income, gender, age and environmental

concerns increase the probability to choose renewable energy instead of the prevailing energy

mix.

Table 4.13 Reasons for high preference of selected clean cooking technologies

Cooking implement Perceived benefit Percentage household

Electric cooker Time saving

Convenient and dependable

Increased business productivity

Affordable power source

Modern technology

Clean energy

38

19

15

10.5

9.5

8

LPG gas stove Affordable fuel

Portable and convenient

Time saving

Easy to operate

33.6
27.2

18.1

18.1

Source: Survey data, 20 J 7

4.4.8 Reasons for the low ranking of clean cooking technologies

The least preferred clean cooking technology, according to the ranking by rural households, was

biogas followed by clean cookstoves. The study sought to investigate the socio-economic and

cultural factors influencing the low uptake of biogas among rangeland communities (Table 4.14).

The strongest concern by 20 respondents is the high cost of equipment and installation, cited by
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50% of respondents, while 30% stated that equipment is too cumbersome to operate and 20%

clairned that cow dung as a locai resource is insufficient. This indicated that a significant

proportion of largely male households would be willing to switch to biogas if the implement was

more affordable.

Table 4.14 Reasons for low ranking of clean cooking technologies

Cooking implement Perceived challenge Percentage household

Biogas burner High equipment cost

Cumbersome to operate

Insu fficient local resource

50

30

20

improved cookstove Indoor pollution

High cost of charcoal

Time delay in fuel collection

Inconvenient during wet season

55.6

23.5

11.6

9.3

-------.-------------------------------------------------------------------
Source: Survey data, 2017

Improved cook stoves were ranked third from a selection of four clean cooking technologies,

with a relatively high preference by women who are the principle users. It also implied that given

a choice between biogas burners and clean cookstoves, female household heads would opt for

the improved cookstove, even if it incurred higher fuel costs as reported by Baruah (2017). A

sample of 43 respondents mentioned their concerns about the resource. The product was found to

be relatively unpopular due to indoor smoke, as claimed by 55.6% of respondents. The high cost

of charcoal was cited by 23.5% of respondents, while time delays and inconvenience in the

lighting of cookstoves was cited by 11.6% and 9.3% respondents respectively, as they were

inconvenient to LIseespecially during the wet season
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4.4.9 Willingness to pay for' clean fuel

The evaluation of willingness to pay for clean fuel reveals household energy consumption

preferences when given an opportunity and financial capability to switch to affordable clean

energy sources. Results reveal a wide consensus among households (89.4%) regarding

willingness to pay for clean energy if it was available and affordable. This implies that unreached

low-income households aware of clean energy are willing to upgrade from traditional fuels, but

constrained by economic factors. This is confirmed by Grim et al. (2017) who also indicate that

unsubsidized market based approach towards inclusive access to clean energy in for remote low-

income households is not viable.

There was, however, a small proportion (10.6%) of respondents who stated that they were

unwilling to switch to clean fuel, even if it became available and affordable, implying a level of

unawareness and indifference about clean energy. The respondents, numbering seventeen, who

were largely male, stated the reasons for their unwillingness to switch to clean fuels (Table 4.15).

Forty percent indicated that the upgrade was expensive and 30.7% of household heads cited their

nomadic lifestyle, stating that biomass resources such as firewood were available at no cost to

them. Social preferences for traditional fuels were cited by 15.2% of unwilling respondents, as

they considered it a normal way of life and a cultural means of interaction while grilling food

using open fires. A few respondents (7.6%) felt threatened by perceived accident risks of clean

fuels while inadequate knowledge about clean fuels was cited as reason by 6.5% of unwilling

households. This implies that, apart from financial constraints, unwilling respondents are largely

influenced by perceptions driven by lack of knowledge about clean energy and its benefits, and
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are more inclined to preserve the social and cultural way of life in line with findings by UNEP,

(2015)

Table 4.15 Reasons for unwillingness to switch to clean energy

Stated reason for unwillingness to switch Percent household

High cost of clean fuel

Nomadic lifestyle

Traditional preference for biomass fuels

Safety risks of clean fuels

Lack of awareness about clean fuels

40

31

15

8

6.5

Source: Survey data, 2017

4.5.0 Household barriers to clean energy access

Household heads that were willing to upgrade to clean energy were asked about perceived

harriers to clean energy access. Findings reveal that: 13% of respondents did not anticipate any

barrier to accessing clean energy. Low income was the principle barrier, cited by 55% of

respondents, who indicated that high cost of clean energy equ.ipment and connectivity were

significant constraints. Remote location of households was cited as a barrier by 10.6% of

respondents, making it difficult to access clean energy markets. The temporary nature of

dwellings and nomadic lifestyle was cited as a barrier to clean energy access by 9.3% of

households. Institutional and government failures were reported by 8% of respondents, who felt

left out of national clean energy initiatives. Social barriers were mentioned by 4% of

respondents, such as disputes among social groups, making it difficult to raise collective funds

fix clean energy products, and the large number of dependents in certain households, making
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clean energy a low priority, as summarized in Figure 4.11. This implies a strong need for

financial support and awareness programs by energy sector actors in order to expand clean

energy access to deprived low-income households, in line with findings by Grimm el al (2017)

and UN EP (2015)
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Fig 4.11 Perceived household barriers to clean energy access

Source: Survey data, 2017

4.5.1 Perceived household benefits of clean energy

Respondents noted a variety of clean energy benefits as summarized in Table 4.16. Key findings

reveal that.that 14.6% of respondents are optimistic about the all-round benefits of clean energy

to their households, which include income savings, clean and safe environment, time-savings in

collecting fuel, increased fuel hours and study hours. The most significant benefit mentioned
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from the use of clean energy was income savings, by 31.8% households who expected to save

60% of their income.

The perceived benefit of a pollution-free environment was cited by 12% of respondents, with

70% savings on health expenditure. In addition safe environment, with a 60% reduction in

accidents, was also cited as a benefit by 9.9% of respondents. Time saved in fuel collection,

averaging 1.5 hours daily, was mentioned by 5.8% of respondents. Other benefits, as mentioned

by households, are increased fuel hours and extra study hours of 3 hours daily, reported by 6%

and 4% of respondents respectively. A number of respondents (3.9%) abstained, indicating a

possible lack of awareness concerning the benefits of clean energy.

The recognized potential, by a significant portion of respondents, for income savings arising

from clean energy fuels, implies that households are keenly aware that their current expenditure

on traditional high-carbon fuels is unsustainable, but are constrained by the investment cost of

clean resources. Implications regarding household perceptions about clean energy benefits

indicate that households are willing to upgrade from traditional fuels if financial opportunities

are made available to them, supporting studies by Khambalkar et ai, (20 I0).

Table 4.16 Expected social benefits of clean energy

Clean energy benefits Nature of benefit Percent

household

Income savings Savings on fuel expenditure 31.8

Genera! welfare All benefits 14.6

Reduced indoor pollution Savings on health expenditure 12

Safe to use Reduced accident incidents 9.9

Average gams

60% savings

70% savings

60% reduction
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Increased fuel output Increase in daily fuel hours 6 3 hours daily

Business productivity Increased business productivity 6 30% productivity

Time-saving Reduced fuel collection time 5.8 1.5 hours daily

Improved study hours Increased daily study hours 4 3 hours daily

Agricultural productivity 4 25% productivity

Phone charging facility Increased daily charging hours 2 3 hours daily

Fuel more accessible 2

Source: Survey data, 2017

4.5.2 Expected sources of finance to pay for clean energy

Respondents willing to switch to clean energy were asked about the potential sources of finance

for the transition. Their varied responses are summarized in Table 4.17. A significant number of

respondents (16.9%) expect financial support for clean energy to come solely from the

government, with 28.8% expecting combined support from the government and non-

governmental organizations. Other expected sources of finance for clean energy installations are

personal savings (12.5%), loans from self-help groups (9.4%) and sale of livestock (8.8%). A

significant number of respondents (21.9%) were unsure about potential sources of finance for

clean energy, implying that they are not optimistic about overcoming the financial barriers to

clean energy, in line with findings by Khambalkar et al, (20 I0) who noted that low-income

households would be unwilling to upgrade to clean energy if financial opportunities are not made

available to them.
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Table 4.17 Expected sources of finance for clean energy

Expected sources of finance Percent household

Government and NGO support

Uncertain about financial sources

Personal savings

Loans from self-help groups

Sale of livestock

45.7

21.9

12.5

9.4

8.8

Source: Survey data, 2017

4.5,3 Household options if clean energy grants are unavailable

Questions were asked to a sample of 60 household heads that expressed their dependence on

financial grants to describe the alternative options available to them if they were denied this

support. In the absence of clean energy grants, 36.3% of household heads opted to build on their

personal savings for future access to clean energy, 33.3% stated that they would continue to use

traditional fuels indefinitely, while 11.1% preferred to sell their livestock. A few respondents

(5.5%) stated that they would seek credit facilities from community groups, while 13.8% were

uncertain about alternative financial options available to them, implying that most low-income

households in remote rangelands would be likely to sustain the consumption of high-carbon

fuels, reinforcing the need for financial assistance to bridge the clean energy gap, in line with

findings by Baruah (2017) and Grimm et al. (2017)
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4.6 Economic analysis of clean off-grid technologies

To evaluate the economic viability of clean off-grid energy technologies this study adopted the

levclised cost of energy (LeOE), net present value and economic rate of return models. To

facilitate a consistent analysis a number of assumptions were made. The study assumed an 8%

real discount rate, being the average cost of capital if it was invested in a deposit account and 2%

annual global inflation rate of grid power costs (NREL, 2016). In addition the study assumed

that there are no land lease cots and clean fuel credits. For the consistent economic comparison

of technologies given a different life span, the study adopted the replacement chain approach

(Fehr, 2(15) which provides for the valuation of replacement equipment for the technology with

a shorter Iifc span in order to equate the time horizons. Average annual savings for switching to

clean lighting technologies was valued at K.sh 6,000 (about US$60), being the average annual

fuel expenditure on kerosene, the principal traditional fuel used by rural households. Average

annual savings for switching to clean cooking technologies was valued at K.sh 7,600 (about

US$76), being the annual fuel expenditure on firewood, the principle traditional fuel used by

rural households. Given an average household size of 5 persons and 2 rooms per household and

guided by retail surveys and related feasibility studies, the study was able to derive the estimated

values of targeted technologies, as described below.

Pico solar lamps: Solar lamps with 5 watt capacity were valued at $7 with an expected life of

10 years. Using the replacement chain approach, by adding an extra kit to equate the life to 20

years, the investment cost was valued at $14. With the expectation that an average rural

household of 5 would require a minimum of three units for daily use, the total investment cost

was valued at $42, with a capital cost of $8.4 per watt, and minimal operational costs. Net annual
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savings on kerosene expenditure for lighting was estimated at K.sh 6,000 (about US$ 60) per

household, thus net cash flows were estimated at US$ 60.

Solar J>V: The investment cost of a household kit, consisting of a 15W capacity with an

estimated life of 20 years, three economy lights and a storage battery was estimated at US$ 128,

with a capital cost of $8.5 per watt. Given minimal operating costs, and annual net savings of

US$ 60 from the use of kerosene, net cash flows were estimated at USS$ 60.

Battery powered torch: A standard 3 Vv' battery powered torch with an expected life-span of 10

years, was valued at US$ 4. Using the replacement chain approach to equate the product life to

20 years, the replacement value was estimated at US$8. Given an expected household

requiremet of 3 torches, the total cost was estimated at US 24 with a capital cost of $8 per watt

and variable maintenance costs of $ 0.04 per kw/h (IRENA, 2012). It was expected that the

monthly battery replacement would cost US$ 3, with annual operating cost of US$.36. Given a

savings on kerosene expenditure of US$60, net annual cash flows 'were estimated at US$24.

Wind turbine: For household lighting purposes a 40W vertical axis wind turbine (VA WT) with

a 20 year life span was found to be more compact for household use than the standard wind

turbine. This had an estimated investment cost of $850, capital cost of $ 21.2 Iwatt and average

operation and maintenance costs of U$ 0.02 per K W hour (IRENA, 2012). Annual operating

costs were estimated at 3% of investment cost (IRENA, 2012), amounting to US$ 26 annually.

Given an estimated savings of $60 from the use of kerosene for lighting, net annual cash flows

were estimated at US$34.
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Biogas: The estimated investment cost of a low cost Polythylene Tube Biogas Digestor for

household use, with an estimated life 0[20 years, was valued at US$240 (GTZ, 2010) with 3.5%

annual maintenance cost (IRENA, 2012) which is about US$ 9 per annum. Given that average

annual energy savings on firewood amounted to US$ 76, the yearly cash flow was estimated at

US$65.

LPG gas cooker: The investment cost for a large gas cooker was estimated, according to retail

surveys, at US$ 200 and a small gas cooker $40, with an expected Iife of 20 years. According to

LPG Association (2011) the Sub-Saharan per capita consumption is 6 kilograms of gas per

annum, thus a household of 5 people would consume an average of 30 kilograms of gas per year.

With a 13 kilogram refill retailing at US$ 22, estimated annual operating cost amounted to

US$51 per annum. Given annual savings of US$ 76 on the use of firewood, cash flow for both

large and small gas cookers is estimated at US$ 25 per annum.

Clean cook stove: Initial investment cost for a clean cook stove was estimated at US$30 with a

20 year life span. Survey findings reveal that average household spends US$ ,7.3 monthly on

charcoal using the traditional cook stove or US$ 88.6 per year. Given an estimated 60%

reduction in fuel use from improved cook stoves (World Bank, 2011), households are expected

to spend US$ 53 per annum on charcoal. With annual savings of US$ 76 from firewood use, net

cash flow is estimated at US$ 23.

Gas lamp: Investment cost for a gas lamp with a 3 kilogram LPG cylinder was estimated at US$

40. For a two-roomed house it was estimated that 2 units per households would be required at a

cost of US$80. Given the average annual fuel consumption for a gas implement of US$ 51 and
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annual savings from the use of kerosene for lighting at $60 per household, annual net cash flow

was estimated at US$ 9.

4.6.1 Levelised cost of household clean energy technologies

The levclised cost of energy (LeOE) was adopted as it is effective in revealing the price per

KWh for generated renewable energy benchmarked against grid utility prices (NREL,2012). The

LeOE values the various cost components per KWlh such as the capital cost, fixed and variable

costs that enables the study to make a comparison with the levelised cost of grid power supply in

order to assess the lowest generation cost option and establish a ranking of technologies. Thus,

the technology with the lowest cost per K WIh is the most viable technology. In addition, if the

actual grid utility feed-in-tariff (FiT) rate is found to be lower than the renewable energy LeOE,

the technology option would not provide the required return on investment as an alternative

option against the power grid. The following formula is used to derive this result:

(
'tVACC x Capital costS)

LCOE= -+ O&M+LLC+IlC+FC-PTC
AHO

(1)

tVACC = i. ( (Hi) Flna1~Clal-Life-~ _ ) (2)

Where WACC is the weighted average cost of capital; i is the discount factor and AEO is the

energy technology output level, measured as annual expected generation hours. O&M represents

operation and maintenance costs; LLC is land lease cost where applicable, with VC and FC
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representing variable and fixed costs respectively, while PTe represents production carbon

credits, where applicable. The average utility feed-in tariff was estimated at S$0.12 per KW/h or

12 cents per K W/h with an annual rate of increase estimated at 2%, which represents the utility

cost escalation rate (NREL, 20 \6) . The capacity factor of a clean energy installation refers to

the actual output of the plant over a period of time divided by the output it would have generated

under ideal conditions of consistent output. The capacity factor of solar installations, which are

intermittent, is estimated at 0.2, wind turbines 0.3 while battery powered torches and biogas

plants are estimated at 0.8 NREL (2016) .. The derived levelised cost of technologies is

surnmariscd in Table 4.18.

Results reveal that all clean energy technologies assessed are viable options, benchmarked

against levelised (LCOE) grid utility cost of 14.2 cents/K Wh (0. I42US$/KWh). The Pico solar

lamp is estimated at 4.9 cents/KWh (0.049 US$/KWh), making it the most cost effective option

as an alternative to the power grid. This is followed by solar PV with a levelised cost of 0.05

US$/K Wh and battery powered torch with an LCOE of 0.052 US$/KWh. The most expensive

clean energy option is the wind turbine with a level ised cost of 0.109 US$/K Wh followed by

hiogas, with a levelised cost of 0.064 US$/K Who

116



Table 4.18 Levelised cost of clean energy off-grid technologies
,--- -------

I Levelised cost estimates Pica solar lamp Solar PV Battery Wind
!
I

! Expected life (adjusted for

Torch Turbine .J
I

I II II replacement value) 20 20 20 20 i
i

Discount rate 8 8 8 8 i

Capital cost ($/W) 8.4 8.5 8 21.2

Output capacity factor 0.2 0.2 0.8 0.3

. Fixed O&M cost ($/KWh) 0 0 0 0.01

Variable O&M cost ($/KWh) 0 0 0.04 0.02

Fuel cost 0 0 0 0

Utility (FIT) electric price (cents/KWh) 12 12 12 12

I Utility cost escalation rate (%) 2 2 2 2

I Results

Levelised cost of grid electricity (cents/KWh) 14:2 14.2 14.2 14.2

Levelised cost of clean energy (cents/KWh) 4.9 5.0 5.2 10.3

I Ranking of technology 1 2 3 5

Source: Survey data 2017
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The ranking of technologies under levelised cost estimates IS summarized in figure 4.12,

revealing that Pico solar lamps closely followed by solar PYs are the most cost effective

technologies, with battery torches being a cost-effective backup option for the intermittent power

of solar technologies.
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Fig 54.12 Ranking of levelised clean energy technology costs

Source: Survey data, 2017

4.6.2 Sensitivity analysis of levelised cost of clean energy technologies

A sensitivity analysis is normally used for estimating the outcomes of uncertainties by varying

input parameters within a model and observing the results (Zerbe et aI, 2006). The study

evaluated the sensitivity of clean energy levelised costs to changes in discount rates, which were

adjusted to 5%, 15% and 20%, with the results summarized on Table 4.19
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Table 4.19 Sensitivity oftcchnologies to adjustments in discount rates (US$IKWh)

r
-------------------------------------
Discount rate Solar PY Pico Solar Battery

Torch

Wind

Turbiner~~~~===~~--
I

Base rate (8%) 0.049 0.05 0.052 0.103

5% discount rate 0.039 0.038 0.049 0.085

15% discount rate 0.048 0.077 0.058 0.149

20% discount rate 0.051 0.098 0.063 0.186

Source: Survey data, 2017

At a reduced discount rate of 5% there is a shift in the ranking of technology options, where solar

PV reports the lowest generation costs with an LeOE of 0.038 US$/K Wh followed by Pico solar

(0.039lJS$K Wh) and battery powered torch (0.049US$/KWh). This implies that, at lower

interest rates, solar PV is the most viable option in the absence of the power grid, followed by

Pico solar lamps. Wind technology, at 5% discount rate, responds positively to reduced interest

rates, indicating wind turbines are more economically viable when discounts rates decline.

A second sensitivity test was performed to evaluate the impact of an increase in discount rate to

15%. Results reveal a shift in ranking whereby Solar PV is the most viable cost effective

technology with an LeOE of 0.048 US$/K Wh followed by the battery powered torch (0.058

US$/K Wh) and Pico solar (0.077 US$/K Wh). Findings also reveal that wind technology is the

most adversely affected by increased discount rates, from the base rate of 8% to 15%, with an

LeOE of 0.1149 US$/K Wh, indicating that the technology is a more risky investment as

discount rates increase.
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The third sensitivity test evaluates the leve!ised cost of clean energy at a discount rate of 20%.

Findings reveal that solar PYs are the most cost-effective technology with a levelised cost of

0.053 US$/K \vh, followed by the battery powered torch with an LCOE of 0.063 $/K Wh and

Pico solar (0.098 $/K Wh). The wind turbine, with a leveraged cost of US$ 0.186, is an

investment risk reporting generation costs higher than the grid power tariff.

With an increase in the cost of credit, high cost technologies become more uneconomical, while

!ow-cost technologies are relatively stable to monetary adjustments. The comparison of real

leveraged costs with sensitivity simulations at 5%, 15% and 20% (Figure 4.13) revealed a

substantial shift: in the economic returns and ranking of technologies, benchmarked against the

base LCOE at 8% discount rate. As discount rates reduce, solar PYs are more sensitive to

change, taking the lead in ranking of technologies, implying that it is the most viable technology,

followed by Pico solar, under low interest rate regimes. As interest rates increase, wind

technology is the most sensitive to change, leading to high levelised costs and low return on

investments. In all the scenarios, the solar PV is the most viable technology, and resilient to

changes in discount rates, followed by Pico solar and battery torches indicating their relative

stability to monetary adjustments. This is in line with findings by IDS (2018) indicating that Pico

lighting and solar PV's are fairly stable to market conditions, with falling prices and high

elasticity of demand.
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Fig 4.13 Sensitivity of levelised energy costs to adjustments in discount rates

4.6.3 Net present value of clean off-grid technologies

Net present value was used in the assessment of clean technologies as it reveals the long-term

fmancial viability of clean energy installations given the investment costs and expected earnings

or savings over the life of the product according to the following formula:

NPY= ( B-C )
{l+r):I.

(3)

Where NPV is net present value; B is clean energy benefits; C is clean energy costs; r is discount

rate and n is the expected life of the technology. By establishing yearly cash flows for each

technology, the study was able to assess the net present value of renewable off-grid installations

as summarized in Table 4.20. The expected life of Pico solar and battery powered torches are

adjusted to represent the replacement value of equipment.
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Table 4.20 Net present value of clean off-grid lighting installations (US$)

Technology option Expected Investment Annual net Net Present Rank

life cost cash flow Value

Pico solar lamps 20 42 60 547.0

Solar PV kits 20 128 60 461.0 2

Battery torches 20 24 24 211.6 3

LPG gas lamps 20 40 9 8.3 4

Wind turbine 20 850 34 -516.1 5

Source: Survey data, 2017

Findings revealed that Pico solar is the most profitable investment with a net present value of

US$547 followed by solar PYs with a present value of US$ 461 and battery powered torches

reporting a net present value of US$ 211.6. The lowest ranked technology option for rural

households is wind turbines with a negative net present value of US$ -561, indicating that the

investment would incur losses for households and investors, thus not viable. This is in line with

findings by Whelan and Muchapendwa (20 II) on the adoption of wind energy by households in

South Africa, indicating that the competitiveness of wind turbines is challenged by the relatively

low coal-based power grid tari ff, call ing for financial mechanisms to support the uptake of wind

turbines for rural households. A further analysis was done to appraise the net present value of

clean energy cooking implements for off-grid households and the results summarized on table

4.21.
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Table 4.21 Net present value of clean off-grid cooking installations

Technology option Expected Investment Annual net Net Present Ranking

life cost (US$) cash flow Value (US$)
------

Biogas digester 20 240 65 398.1

Portable gas cooker 20 40 25 205.4 2

Clean cook stove 20 30 23 195.8 3

Gas cooker 20 200 25 45.6 4

Source: Survey data, 2017

Results reveal that the most viable technology in terms of long-term investment returns is the

biogas digester with a net present value of US$ 398.1, followed by the portable LPG stove with

a net present value of US$ 205.4 and improved cook stoves with a net present value of US$

195.8. Large 4-burner gas cookers reported the lowest ranking with a net present value of US$

45.6. Figure 4.14 summarises the ranking of economically viable technologies for cooking and

lighting. This supports findings by Chakrabarty et al, (2013) who stated that biogas is

econoomicaliy more attractive as rural women in Bangladesh cou'ld save their cooking time

while engaging in other income generating green jobs. Findings by Walekhwa et al, (2014),

based on primary data from Central and Eastern Uganda, also revealed that biogas energy

production is economically viable with payback periods of between one and two years and

positive net present values. The main challenge of biogas for remote low-income households, as

observed by Shell (2007) is the high investment and installation cost, limiting it to households

who can afford other clean cooking technologies such as LPG, and financial interventions would

be needed to support the for rural communities.
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The most economically viable clean energy lighting products in terms of present value, are Pico

solar (US$547) followed by solar PY (US$461) while biogas digestors (US$ 398) and LPG gas

stoves (US$205.4) closely followed by clean cookstoves (US$185.8) are the most economically

viable clean energy products for cooking. Findings by IDS (2018),. on the costs and benefits of

clean lighting services in Sub-Sahara, revealed that stand-alone pico lights and solar PYs "put

off-grid populations on the first step or the energy ladder" while making considerable savings in

candles and other high carbon fuels.

A further analysis assessed the sensitivity of technology options to changes in discount rate,

which was adjusted to 5% in the first sensitivity test, 15% and 20% in the second and third test

respectively, with the computations summarized in Table 4.22.
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Table 4.22 Sensitivity analysis of net present value of technologies

Technology option NPV base Sensitivity test Sensitivity test Sensitivity test

discount rate at 5% at 15% at 20%

(8%)

Pica solar lamps 547 705.7 333.5 250.1

Solar PV kits 461.0 609.7 247.5 164.2

Battery torches 211.6 275 126.2 92.8

LPG gas lamps 8.3 32.5 -23.6 -36.1

Wind turbine -516.1 -426 -637.2 -684.4

Biogas 398.1 570 166.8 76.5

LPG gas stove 205.4 271.6 116.4 81.7

Clean cook stove 195.8 256.6 114 82.0

Gas cooker 45.6 111.6 -43.5 -7R.2

Source: Survey data, 2017

The first test evaluated the sensitivity of technologies to a reduction in discount rates to 5%. At

this discount rate, Pico solar (US$70S.7) is the most viable option for low-income households,

followed by solar PVs with returns of US$609.7. As discount rates reduce, wind turbines reports

negative returns of US$-426, making the technology unresponsive to a fall in the cost of credit.

The ranking of cooking technologies at 5% interest rate revealed the most viable technology

being the biogas burner with a net present value of US$570 implying high market responsiveness

and increased willingness to pay at reduced interest rates. This is followed by LPG gas stove

. (USS 271.6) and the improved cook stove with returns of US$ 256.6.

For the second sensitivity test, the discount rate was adjusted upward to 15% and the impact on

Net Present Value and ranking of technologies was assessed. At this disount rate, Pico solar

retains its ranking as the most viable technology with an NPV of US$334 followed by solar PYs
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with an NPV of US$247.5, indicating that, as the cost of credit increases, the cheapest lighting

option is more viable. Substantial changes were noted with the viability and ranking of clean

cooking, options as the most viable option is the portable gas stove with an NPV of US$] 16.4

followed by clean cookstoves with an NPV ofUS$114.

At 15% discount rate, the most economically viable technology for lighting, on a net present

basis, is the Pico solar lamp, due to its low captial cost, with a net present value of US$ 333.5

followed by solar PVs with an NPV of US$247.5. The ranking of cooking technologies indicated

that Biogas is the most viable technology with an NPV of US$ 166.8, followed closely by LPG

stoves with an NPV of US$ 116.4 and clean cookstoves with returns of US$ 114. The relatively

low returns of high-cost cooking technologies indicate that, as interest rates increase, low-cost

clean energy lighting implements are more viable for rural households, while the range of viable

clean cooking technologies are substantially reduced, constraining household ability to pay and

access to clean cooking technologies.

For the third sensitivity test, the discount rate was adjusted upward to 20% and the impact on Net

Present Value and ranking of technologies was assessed. Findings reveal significant adverse

impacts on the viability of clean lighting technologies at 20% disount rate. At this discount

level, pico solar maintains the highest ranking among lighting options but viability is

substantially reduced to US$ 250.1. This is followed by solar PVs with an NPV of US$ 164 and

battery-powered torches with an NPV of US$ 92.8. At this discount rate the economic risk of

gas lamps and wind technologies increases substantially, with an NPV of US$ -36.1 and US$ -

684 respectively.
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For clean cooking options, there is a shift in the ranking of technologies, with the LPG (US$82)

and clean cookstoves (US$ 81.7) being the most viable cookers followed by biogas (US$ 76.5)

effectively constraining the impact on household demand and willingness to pay for clean

cooking products .. This implies that, at high levels of discount rates, viable choices of clean

energy products are substantially reduced. Investors and households, therefore, will benefit

marginally from Pico solar products, with reduced demand for clean cooking technologies

leading to the continued consumption of high-carbon fuels for cooking.

A comparative analysis evaluates the sensitivity of product returns to expansionary discount rates

against the base rate of 8%. Findings reveal that as discount rates increase, Pico solar lamps

remain the most economically viable technology, due to their low investment cost, followed by

solar PV kits which rank highly among household preferences. In addition the economic risk of

investing in high cost lighting technologies such as wind turbine and gas lamp is significantly

increased, with wind turbines reporting adverse outcomes to discount rate expansion. Findings

also reveal that cooking technologies are adversely atfected by expansionary interest rates, where

the range of viable technologies reports a significant decline in economic returns and subsequent

willingness to pay. Therefore, when the cost of credit increases, a significant proportion of low

income rural households are likely to acquire low cost Pico lighting technologies and retain the

use of traditional fuels for cooking, without financial support from state and private energy

sector actors. This is confirmed by USAID (2017) who noted that reaching remote spread-out

households through market based approaches is a challenge, indicating that manufacturers,

distributors and customers need sustainable and accessible sources of local financing to support

the uptake of cookstoves and LPG stoves.
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4.6.3 Economic rate of return of clean off-grid technologies

Economic rate of return as an indicator was adopted as it shows the risks and long term

sustainability of renewable off-grid installations and facilitates their economic ranking. It is the

interest rate that makes NPY zero as is given by;

0= -c;
T

Ie+ _--.-:.1 __

. (1 + ERR)
:=1

Where - Co is the initial investment III energy technology; C, is net cash flow and T is the

expected life of the investment. The economic rate of return is represented by ERR (which is the

discount rate i that equates Net Present Value to zero) or the breakeven discount rate where

investment benefits are equal to costs. If this rate is higher than the real interest rate, the project

is considered viable (Pogue, 2004). A positive rate of return indicates that the investment in

clean energy is economically feasible, while the economic risk of a project is indicated by its

negative return.

Table 4.23 summarizes the breakdown of cost estimates, with the expected life of Pico solar and

battery powered torches adjusted to reflect the replacement value. Given the net cash flow of

clean technologies, the economic rate of return for lighting technology options is derived

accordingly. Findings reveal that solar rechargeable lamps reported the highest economic return

with a gain of 142.8 %, followed by battery torches with an economic return of 100% and solar

PV kits with a return of 46%. The wind turbine, as a lighting resource presented a negative return

of -2% thus would not be economically viable for use at household level.
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Table 4.23 Economic rate of return of clean household lighting implements

Lighting implement Expected life Investment cost Net cash ERR (% pa) Rank

(years) (US$) flow

rico solar - 20 42 60 142.8%

Battery torch 20 24 24 100% 2

Solar PY kits 20 128 60 46% 3

LPG gas lamps 20 80 9 9.3.% 4

Wind turbine 20 750 34 -2% 5

Source: Survey data, 2017

A further appraisal (Table 4.24) was performed on the economic return of clean household

cooking technologies for rural households. Improved cookstoves reported the highest economic

return of 76%, followed by LPG gas stoves, with an economic return of 62.5% and biogas

digesters with a return of 26.8%. The cooking implement with the lowest return of 10.9% is the

large gas cooker due to high investment and operational costs which are likely to be unaffordable

for low-income rural households.

Table 4.24 Economic rate of return of clean household cooking technologies

-
Cooking implement Expected life Investment cost Net cash ERR (% pa) Ranking

(years) (US$) flow

Clean cook stove 20 36 23 76%

LPG gas stove 20 40 25 62.5% 2

Biogas 20 240 65 26.8% 3

Gas cooker (4 burner) 20 200 25 10.9% 4

Source: Survey data, 2017
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To assess the economic rate of return and ranking of lighting and cooking technnologies, results

are summarised in Figure 4.15, revealing that the most viable technology for lighting is the Pico

solar lamps, while the clean cookstove followed by LPG gas stoves are the most viable for

cooking.
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Fig 4.15 Economic Rate of Return and ranking of clean off-grid energy technologies

Source: Survey data, 2017

For sensitivity analysis, the study examined the effect of inflation rate variations of 5%, 10% and

15%, to the economic rate of return of technologies, assuming a base rate of6.8% (CBK, 2017).

Results are summarized in Table 4.25.
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Table 4.25 Sensitivity of technologies to variations in inflation rate

_._-------
Clean technology Base rate 6.8% 5% inflation 10% inflation 20% inflation

Pico solar 142.8 193 96.7 40.7

Battery torch 100 136 68.5 34.2

Solar PV kits 46 63.8 31.8 14.9

LPG gas lamps 9.3 14.2 7.1 -2.4.

Wincl turbine -2 0.82 -5.2 -10.1

Clean cook stove 76 104.6 52.3 25.8

LPG stove 62.5 85 42.4 20.8

(ins cooker 10.9 16.1 5.69 -1.5

Biogas 26.8 39.5 19.75 9.8

Source: Survey data: 2017

The first sensitivity test evaluates the effect of a 5% inflation rate to the economic rate of return

of clean technologies. At 5% inflation rate, all lighting technologies, with the exception or wind

turbines are positively affected by a reduction in inflation, with the most significant being Pico

solar with an economic rate of return of 193%, battery powered torch (136%) and solar PVs

reporting returns of 63.8%. Wind turbines reported marginal but positive returns of 0.82%

indicating that as inflation rates reduce, high cost technologies become more viable, but out of

reach of low-income households.

For cooking purposes, improved cookstoves and LPG stoves are positively affected by a

reduction in in nation with an ERR of 104% and 85% respectively indicating an positive impact
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on willingness to pay for lower-cost technologies as inflation rates decline. The cooking

technology with the lowest viability is the 4-burner gas cooker followed by biogas, with returns

of 16.1 % and 39.5% respectively. In comparison to lighting technologies, the relatively high

capital costs of cooking implements remains a constraining factor in switching from traditional

fuels.

A second sensitivity test at 10% reveals that, for lighting purposes, the Pico solar, and battery

torch report a significant decline in returns, but are still economically viable, with an ERR of

96.7% and 68.5% respectively, while solar PYs are less sensitive to reduced inflation rates with

an ERR of 31.79%. The viability of wind turbines decreases substantially to -5.2% making the

technology unfeasible for rural households at 10% inflation rate. For cooking purposes, the

improved cook stove and LPG cook stove, while still economically viable, report a decline in

returns with an ERR of 52.3% and 42.4% respectively, while biogas reports an ERR of 19.75%

revealing a significant reduction in ability to pay for clean cooking technologies due to a 10%

expansion in inflation.

A third sensitivity test at 20% inflation rate reveals a significant decline in the economic viability

of clean energy technologies, with the most viable installation being Pico solar, with an ERR of

40.7%, battery powered flashlight (34.2%) and solar PYs (14.9%), with a substantially reduced

potential regarding willingness to pay for clean lighting technologies. For cooking purposes, the

improved cook stove and LPG gas cook stove also report a marked decline in viability and

potential willingness to pay with and ERR of 25.8% and 20.8% respectively, while biogas

reports an ERR of 9.8%. The most sensitive technology to an adjustment of inflation at 20% is
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wind turbine (-10%) followed by the large gas cooker (-1.5%), making them high risk

investments for low-income rural households at this rate of inflation.

The implications of expansionary inflation rates on the economic performance of low-carbon

technologies are varied. The returns of low-cost technologies such as Pico solar and battery

operated torches for lighting are substantially reduced but remain positive, and fairly robust. In

addition, the fairly limited range and comparatively low returns of viable cooking options at high

levels of inflation will significantly reduce market demand for clean cooking products, with an

implication that households will be more likely to maintain the use of traditional high-carbon

fuels for cooking. The comparative viability of technologies under different inflation rates is

summarized in Figure 4.16.
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Fig 4.16 Comparative returns of clean energy technologies to adjusted inflation rates

Source: Survey data, 2017
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As inflation rates increase, viable options for clean energy technologies are significantly reduced,

while low-cost lighting products like Pico solar and rechargeable "flashlights remain fairly robust,

implying that enlightened households are likely to adopt the cheapest clean lighting option and

retain the use of high-carbon fuels for cooking. This creates a need for financial interventions,

targeted towards LPG stoves, improved cookstoves and biogas digesters due to their positive

long-run returns, and fuel savings, to increase rural access to clean energy, supporting findings

by USA 10 (2017) who revealed a strong need for sustainable financial interventions to support

the uptake of clean cooking technologies to remote rural households. This is also supported by

Whelan and Muchapondwa (20 II) whose findings, based on a sensitivity analysis on biogas

systems, revealed that the viability of biogas is greatly affected by variations in discount rates,

capital and operational costs.

4.7 Review of Policy in line with off-grid clean energy development

This study examined Kenya's policy and regulation in line with off-grid clean energy

development in order to identify areas where additional regulatory and incentive schemes could

be applied to expand clean energy access to off-grid communities. The Government is keen to

enhance renewable energy generation through various legal provisions.

The Sessional Paper No 4 of 2004 (Ministry of Energy, 2004) lays the framework for the

delivery of affordable and efficient energy technology to the domestic market. The Energy Act

of7006 provides for the Energy Regulatory Commission, whose role includes approval of power

purchase agreements (PPAs), national energy planning and regulation. It also encourages the use

of renewable energy by providing incentives for their use. One incentive is the authorization to
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generate 4MW capacity of renewable energy without a license and tax exemptions for imported

renewable energy equipment. Through this Act the Rural Electrification Authority (REA) was

created to provide grid and off-grid clean energy provision for households and institutions.

TheREA planned to implement its goals through a number of strategies (REA, 2012a). The first

strategy was setting up electrification targets through phases, where; Phase 1 involved the

connection of all public facilities during the 2008-2012 period. Phase 2 aimed to increase

customer connectivity during the 2013-2022 period, with a goal of 65% connectivity. The second

strategy was to set up a rural electrification plan targeting the public facilities requiring

electrification. The third strategy involved partnership with local communities during the

implementation process (REA, 2012a). The strategies however focused largely on the

electrification of secondary schools, health centers and trading centers, thus crowding out low

income rural households. Thus, corresponding with studies by 8ampong and Phillips (2016), the

lack of clean energy access among the rural poor still remains a concern

Kenya's strategy for the energy sector is set out in the Updated Least Cost Power Development

Plan (LCPDP) Study Period 2011-2031 (GoK, 2011) which covers the period 2011-2030. The

plan aims to expand investments in low-carbon technologies, with geothermal providing 25%

wind and hydroelectric power plants providing 9% and 5% capacity respectively. The plan aims

to expand the power transmission line by 10,345 kilometers at the forefront, using KENGEN,

KETRACO and independent power producers (IPPs) (ERC, 2012). There are indications,

however, that less attention is paid to power distribution, especially to remote non-urban homes

in Kenya, thus questions arise (Cannon, 2018) about the viability of grid expansion, in terms of
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cost and logistics, to remote dispersed settlement, in light of the reduced cost of home clean

energy products that do not require connectivity to the power grid.

In 2010, Kenya promulgated the 20 I0 Constitution which "promotes sustainability and

independence of the energy sector to secure supply and protect the environment", thus the energy

policy is focused in line with these aspirations. Traditionally, the power sector has relied on grid

expansion and largely thermal based mini-grids to meet growing energy demand. However, the

poverty levels and the dispersed nature of remote rural settlements meant that grid expansion

could not meet the demand for clean energy at household level (Kimiyu et ai, 2012) Thus the

National Energy Policy 2015, under finalization, recognizes the gains of low-carbon energy by

providing a framework for low-carbon energy development in Kenya (Kimiyu et al. 2012)

To this effect the Government developed the National Climate Change Response Strategy

(NCCRs) in 2011 and the National Climate Change Action Plan (NCCAP) 2012-2017 (GOK,

2013), to address sustainable development and climate change. This Action Plan aims to promote

a green economy by creating new jobs through green growth, and attracting climate finance, and

technology transfer

Section 4.3.1 of the National Climate Action Plan identifies actions for rangelands by expansion

of renewable energy capabilities through wind, solar and biogas. It also mentions the

development of off-grid electricity generation systems "which are likely to use wind turbines,

solar panels and hydropower-based electricity that can provide electricity to 70% of Kenyans

who have no access to power" (GoK, 2013) Concerns are raised, however about remote low-

income households who have less capacity to adapt to climate hazards than wealthier
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households. Further arguments about low-carbon transitions is that they could exclude rural poor

households and may even have regressive impacts on their income generating activities as stated

by Bouye et al, (2018), requiring a need for a more inclusive planning approach with the

participation of poor and marginalized communities.

The importance of expanding clean energy access to rangelands is given priority in the low-

carbon economy strategy, by supporting the use of improved cook stoves and LPG stoves

through awareness programs, soft loans and building innovative capacity for stove producers

(GoK, 2013). However questions arise about the commitment by State agencies to devolve

power, decision-making and funding to County level and community based organizations to

ensure that funds trickle down to unreached rural households. In addition, State agencies tend to

focus on supply factors without considering the specific demand needs of communities in remote

settings (Flintan, 2014).

The Sustainable Energy for all Initiative (SE4AII) 20 I I aims to achieve universal access to clean

energy. In support of this initiative the Kenyan Action Agenda (AA) presented a long-term

vision covering the period 2015-2030 (Ministry of Energy, 2016). Section 3.1.1.3 provides a

roadmap for the delivery of clean energy to all Kenyans, through grid and off-grid power

solutions, such as residential solar and improved cookstoves (Ministry of Energy, 2016).

The Kenyan AA also details the Last Mile Connectivity Project which is aimed at connecting

over 1.4 million households "within a radius of 600 meters to existing power distribution

transformers' at a reduced connection fee, by 2017. However, World Bank (2017) findings

revealed that over 40% of households still had no grid connection despite the Government's
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efforts, indicating that a large portion of rural communities have been excluded. The

achievement of AA goals is also constrained by financial constraints in delivering clean energy

to remote low-income households and lack of capacity and involvement across stakeholder

groups. The policy framework, including the challenges and opportunities for scaling up the

deployment of clean energy services for off-grid rural households is described in detail.

4.7.1 Framework for off-grid solar energy development

The Energy Regulatory Commission (ERC) has taken positive steps towards regulation and

promotion of the solar market by introducing the Energy (Solar photovoltaic's) Regulation, 2012

made under section 110 of the Energy Act, 2016, which applies to solar PV importers,

technicians and system owners, in order to improve the quality of solar products in the market. It

provides for the issue of installation completion certificates by licensed solar PV technicians,

detailing the location, capacity and warranty of the system. This ensures the accountability of

technicians and reduces unprofessional ism in the installation of solar PYs (ERC, 2012).

There are however a number of constraints to the expansion of the off-grid solar market. There

are as yet no clear policy provisions for the deployment of home solar systems for off-grid

households, and the country does not provide targeted subsidies for household solar PYs (KCIC,

2016). In addition, public funding for solar expansion is limited to rural public institutions,

leaving out off-grid households. Furthermore, there are no provisions for supporting stand-alone

solar PY installations for off-grid high potential farming areas.

The private sector is vibrant, and attempts to fill this gap, with largely approved products that

comply with international quality and Kenya Bureau of Standards (KEBS) certification. The
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sector also has successful private sector supply models such as the M-KOPA pay as you go

(PA YG) model that allows users to purchase solar kits by paying a deposit and clearing the

balance at a later date through M-PESA, which are electronic remittances through the phone.

However the market is challenged by the influx of low quality products which are largely

unregulated. The solar Pico market, which is very vibrant, due to the low cost of products, is also

largely unregulated with over 50% of counterfeit products that are largely defective and lack

durability (KCIC, 2016). Consumers also report low performance levels of home solar systems

during the long rains, calling for the adoption of affordable low-carbon smart back-up lighting

systems for off-grid rural households.

4.7.2 Framework for off-grid wind power development

Kenya has an installed capacity of over 5MW connected to the power grid in Ngong and a

310MW project at Turkana, with a goal of installing about 2GW of wind capacity by 2030. To

achieve this, the Government is encouraging independent investment in this sector through a

Feed-in Tariff (FiT) policy, 2012, which provides for a fixed tariff not exceeding US$ 11 per

KWh for installed capacity of up to 10 MW of wind power supplied to the grid (Ministry of

Energy, 2012). According to GIZ (2015) the sector is limited by several factors, such as FiT

tariffs that do not provide sufficient incentives for private investment in wind energy, the high

capital costs and insufficient data on wind potential in Kenya as well as the low technical

capacity for its development. In addition inadequate attention has been made towards the

development of stand-alone wind installations for off-grid households or community groups at an

affordable cost, yet most of the areas of high wind potential are located in rangelands far from

the grid.
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Reuters (2015) noted that, despite evidence of private sector initiatives in off-grid wind

installations, the Government has not actively engaged the private sector in the development of

this resource for off-grid areas and initiatives for capacity building and innovation in this sector

are lacking. Lack of community participation in the planning process and low awareness about

the potential benefits of this technology also hinders popular support for its off-grid

development.

4.7.3 Framework for biogas off-grid development

The Government through Article 103-106 of the Energy Act of 2006 (Article 103-106)

empowers the Ministry of Energy to promote renewable energy development, placing emphasis

on the 'expansion of the local manufacturing sector by providing specific incentives to existing

renewable markets such as biogas and municipal waste'. However, the Act does not define

specific guidelines for the promotion and development of biogas directed towards off-grid

households, including the necessary legal and regulatory framework for its deployment (GTZ,

2009). In addition, off-grid biogas rural energy expansion for the household sector suffers low

priority in energy sector planning and there is evidence of low technical capacity for the adoption

of this technology at household level (Muvhiiwa et ai, 2017). Despite this, the technology has

gained a lot of interest among rural households, microfinance and non-governmental

organizations working in partnership with experts and donors to expand the delivery of biogas

digesters to rural households and institutions, which include the Africa Biogas Partnership

Program (GTZ, 2009).

The rural uptake of biogas, however, is slow due primarily to the high investment cost of

equipment, lack of credit programs to increase access and insufficient targeted Government
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support towards this sector. This is compounded by the unregulated design and construction of

biogas digesters and lack of monitoring and follow-up of installations by promoters (GTZ,

2009). Socio-cultural barriers also exist, such as the perception that the units are cumbersome to

operate and the preference for traditional open fire grilling of food among rural households,

calling for increased government intervention to increase awareness and enhance the uptake of

this technology to remote households.

4.7.4 Framework for development of energy efficient cookstoves

Kenya has been recognized as being in the forefront in the development of improved cookstoves

yet the majority of remote rural households are still relying on traditional fuels such as firewood

for cooking (USAID, 2011). The cook stove initiative was promoted through the Kenya

Renewable Energy Project 1981. Policy support for the cookstove is also provided for in the

National Climate Change Action Plan 2012-2017. The key actors in the deployment of

cookstoves are private developers, consisting of a vibrant "jua-kali" or informal sector, non-

governmental organizations, women's groups, household users and the carbon finance market

(USAID,2011).

The sector is constrained by low quality standards and inadequate quality regulation enforcement

by the Kenya Bureau of Standards. The low quality control in production is evident within the

informal sector that largely lacks capacity to develop high-end cookstoves. In addition, there is

low investment capacity in remote rangelands due to high distribution costs as a result of poor

road infrastructure and low intermittent demand for clean cookstoves. Rural households are

challenged by the cost implications are concerned that emission levels of improved models are

still relatively high creating a need for the supply of high quality cookstoves.
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The Kenyan Government also recognizes the importance of LPG stoves as a clean technology

and has taken concrete measure to expand the adoption of this technology countrywide. This

includes the removal of 16% value added tax (VAT) in 2016 which was originally introduced in

2013 under the VAT Act 2013 (EIA, 2016). In addition, the Government simultaneously

increased the cost of kerosene by Ksh7.20 (about US$ 0.07) in order to increase the adoption of

cleaner cooking fuels. The Government also reduced import duty on low-carbon stoves from

25% to 10% to enhance their expansion (Global Alliance for Clean Cookstoves, 2016).

4.7.5 Financing of green off-grid energy development in Kenya

Funding for rural clean energy development comes principally from the Government and

international donors and channeled to State energy actors, principally the Rural Electrification

Authority (REA). The Feed-in Tariffs (FiT) Policy (2012) was developed to as an incentive for

private sector investment in renewable energy generation. It allows the sale of renewable energy

from private contractors at a predetermined tari ff, such as, 0.2 US$/K Wh for off-grid solar; 0.11

for wind and 0.1 OUS$/K Wh for biogas, with a maximum capacity of 10 MW for grid and I MW

for off-grid solar (ER C, 2016). The rates, however, are not sufficient to attract investment in the

rural off-grid household sector. Boampong and Phillips (2016) noted that the PiT tariffs could

lead to upward pressure on pricing of clean energy products and they do not address the high

upfront costs of renewable energy technologies. In addition, most FiT tariffs have conditions that

IPPs sell power to the central grid, further denying energy-deprived communities access to clean

energy.
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The Ministry of Energy (GoK, 2012) also notes a few challenges relating to the relatively slow

uptake of FiT Policy in Kenya by private firms, such as the data quality informing the tariff

levels, and a general lack of awareness about FiT among potential investors in this sector. In

addition the guidelines on the Power Purchase Agreement (PPA) negations are unclear leading to

lengthy discussions with private developers (KCIC, 2016). In addition, there is low technical and

financial capacity for community-based clean energy initiatives.

The Clean Development Mechanism (COM) enables developing countries to earn emission

reduction credits through emission-reduction projects. As a continent Africa has benefitted very

little from CDM making only 3% of global projects, of which a few are in Kenya, such as the

Bagasse Cogeneration Project in Mumias Sugar Company, Olkaria Geothermal Expansion

Projects, Lake Turkana Wind Consortium and the Karan Biofuel Project (UNFCCC-CDM,

2016). GTZ (2007) through case studies in Kenya, Tanzania, Ethiopia and Uganda, noted that

countries including Kenya do not have a policy framework that adequately provides for CDM.

Ellis et ai, 2013) identified a number of reasons for Kenya's poor participation in COM, such as

barriers to obtaining start-up finance from financial institutions, limited technical and human

resource capacity and "weak institutional capacity, coupled with Government bureaucracy"

creating opportunities for rent-seeking (Ellis et ai, 2013), and making it difficult for potential

developers to implement low carbon CDM projects. Off-grid renewable energy generation and

its expansion, supported by new form of climate finance, can foster economic growth and

improved competitiveness in remote rural areas, yet no policy initiatives or strategies have been

targeted towards attracting financing through CERs for off-grid renewable energy projects.
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Kenya is a member of the Climate Investment Fund's Scaling-up Renewable Energies Program

(SREP). It is funded by donors with the goals of promoting international cooperation in climate

change and supporting developing countries in climate-resilient initiatives. SREP provides

funding to geothermal, solar water heaters and mini-hydropower plants (Ministry of Energy

Kenya, 2012), however it has unclear provisions about funding for household or community-

based off-grid clean energy initiatives.

4.7.6 Institutional deployment for off-grid clean energy development

The key institution involved in deployment of clean off-grid energy under the Energy Act, 2006

is the Rural Electrification Authority, which is responsible for rural electrification. The

institutional structure of energy deployment, despite Constitutional provisions, is generally

dominated by the Central Government effectively locking out other stakeholders (Ikiara et al

2009). This creates an unstable macro-economic environment and low incentives for off-grid

clean energy deployment by County Governments, private developers, community groups and

non-governmental organizations.

The 2010 Constitution provides for a system of devolved government, where the County

Government in Part 2 of the Forth Schedule is responsible for "County planning and

development, electricity and gas reticulation and regulation within their jurisdictions" (Kenya

Law, 2013). According to IDIS (2014) "energy planning is at the center of devolution debate,

where counties have requested more control over energy planning to attract more private

investment and inclusive clean energy access for the populations that they govern". The Rural

Electrification Authority is setting up offices in every county in order to decentralize its
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operations, yet questions arise about the level of county government control over low-carbon

energy generation, regulation and expanding clean energy access to unreached rural

communities. Questions also arise about the capacity of county governments to handle the task

of energy planning and regulation due to the "low technical capacity at county level and

evidence of misallocation of public funds" (lOIS, 2014). The role of international financers also

comes into play in the devolution debate, as donors, such as JICA are concerned about clean

energy capacity at county level and prefer for energy programs to remain centralized (lOIS,

2014).

The private sector actors are also involved in clean energy generation under Kenya's FiT (2012)

and account for just under 30% of the country's installed capacity (Boampong and Phillips,

2016) Studies by Cannon (2018) and Boampong and Phillips (2016) reveal a number of gaps in

institutional clean energy deployment for off-grid areas, the principle barrier being financial

capacity. Installers and users of clean energy need access to financial capital in order to purchase

and install clean technologies, however, the main constraint is the tight regulations and

conditions imposed by banks before approving a loan, creating a need for government

intervention through appropriate economic instruments such as a tariff reductions, subsidies and

favorable financial schemes to support deployment of private firms, households and non-

governmental institutions in clean energy expansion.

Issues of governance, according to IOIS (2014), also come into play in renewable energy policy,

which provides for independent power producers (IPPs) to supply power directly to off-grid

consumers. For example, the issuing of licenses and concessions to private producers is often

influenced by rent seeking activities. Opportunities exist for political elite and respective heads
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of energy sector state agencies to grant concessions to serve private interests (lOIS, 2014)), and

this can only be held in check by pressure groups, creating a need to expand the political space

for civil society. Energy sources and technologies compete for attention and support of policy

makers ancl international donors, thus expansion strategies are usually shaped by political ancl

clonor priorities for exploitation of clean energy. Currently the national focus by the government

ancl development partners is on geothermal energy and grid expansion for public institutions,

thus crowding-out attention towards residential off-grid renewable energy, making it a low

priority on the pol itical landscape. This means that the balance of risk-taking leans heavily on the

private and NGO sector, while the government and Rural Electrification Authority focuses on

off-grid energy development for public institutions, further excluding energy deprived low-

income households.

4.7.7 Framework for public-private partnerships

The legal framework for public-private partnerships (PPPs) was developed with the enactment

of the Public-Private Partnership Act No 15 of2013 (revised 2016) also called the PPPA, which

has created a harmonized framework for the implementation of PPPs in Kenya, showing how

projects should be prepared, tendered, approved and implemented. Ongoing contracts with

independent power producers (IPPs) are fairly vibrant, but there is inadequate focus on public-

private partnerships for the off-grid household sector.

In June 2015 the National Treasury issued a Legal Notice 91 of 2015 (PPU, 2016), which

provides tax exemptions on foreign loan for investors in clean energy infrastructure, however no

provision has been made for the extension of loans for the off-grid rural household sector. In the
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same year the National Treasury also granted a t 5% withholding tax exemption for services

rendered under a power purchase agreement, thus creating incentives for foreign investors, but

this has not provided sufficient incentives for foreign investment in off-grid rural energy

delivery. In relation to stamp duty, the Legal Notice No. 106 of 2015 grants exemptions from

stamp duty on the registration of security documents relating to loans from foreign sources

utilized in investing in clean energy infrastructure (PPU, 2016). The primary aim of the

Government in granting these exemptions is to attract more investments in the energy sector in

order to lower the cost of doing business and the cost of clean energy. The exemptions are

notable; however they focus on grid and mini-grid energy infrastructure at the exclusion of clean

off-grid rural household installations, which are likely to be left out by investors.

The use of value added tax (VAT) exemptions and zero-rating of import duty on renewable

energy equipment and accessories such as solar panels and batteries is a way of enhancing

competitiveness of clean energy resources for investors through price mechanisms. However the

guidelines regarding the implementation of this policy are ambiguous, creating room for rent-

seeking activities. In addition VAT was restored on solar PVs at 16% in 2013, creating adverse

effects on business operators and reducing the competitiveness of clean off-grid technologies for

investors. Currently the Rural Electrification Authority (REA) assists off-grid rural community

group initiatives by preparing feasibility studies and providing transformers and technical

capacity (REA, 2014). This assistance, however, is not available to private developers, yet this

initiative has the potential of encouraging firms to set up business in remote off-grid rural areas.

This however, will also require a review of the current FiT policy to enhance business energy
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supply capacity into off-grid areas. Private developers are also challenged by poor access to off-

grid rural locations due to poor road, communication and security infrastructure in remote areas.

Regarding clean energy licensing requirements, small scale renewable energy projects under the

capacity of I MW do not need a license, while projects between 1 and 3MW require electricity

permits from the Energy Regulatory Commission (ERC). Renewable energy projects above

3MW require a license from ERC, the process of which is technical, with a detailed list of

requirements and documents as listed in Energy (Electricity (Licensing) Regulations, 20 I0, with

22 clearances required for investors in this sector in order to build a generation plant (Mazera et

ai, 2016). The extensive regulatory requirements are a constraint to large scale private sector

investment in the clean off-grid sector and may need to be revised in order to expand the uptake

of rural clean energy.

4.7.8 Stakeholder involvement in Clean Energy Policy

The 1992 Rio Provision No. 10 Declaration of Constitutional provrsion for stakeholder

involvement in Energy Policy 1992 states that "environmental issues are best handled with

participation of all concerned citizens at the relevant level" (UNEP, 2016). In Kenya, the right to

public participation is provided in Article 174(c) of the Constitution which puts forward the right

to information, such as clean energy policy and initiatives, as a fundamental right. Public

participation is also provided for at County level, where Article 196 (1) (b) requires that the

County Assembly "facilitates public participation in the legislative and other business of the

Assembly". This requires the full engagement of communities by local County leaders in order

to set agendas that they want to have addressed at County Assembly level.
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Effective participation depends on the public, which includes marginalized or minority groups,

having access to accurate and comprehensive information yet there is a notable absence of public

scrutiny frameworks, and the role of media in framing the public discourse in clean energy is

lacking, effectively constraining clean energy expansion to off-grid rural areas. This is

evidenced by the lack of awareness among remote rural communities, and County officials about

clean energy policy and programs.

To support this, Huijsstee, (2012) notes that government officials also seem to be reluctant to

share information with civil society players and private organizations and are often

uncomfortable negotiating standards with stakeholders. In addition, public participation is not a

well understood concept among remote rural communities and they do not understand the

essence of engaging the government on issues such as clean energy policy making and

legislation. The process of public engagement by State and County government is largely

unstructured and there is inadequate capacity building for the citizens to enable them to engage

in the policy making process in an informed and meaningful way, excluding them further from

clean energy access.

4.7.9 Capacity building and innovation

Kenya's experience, with regard to human capacity and innovation in the off-grid clean energy

sector is inadequate. To address this gap, the Green Economy Strategy and Implementation Plan

2016-2030, on Social Inclusion and Sustainable Livelihoods (Thematic Area 5), plans to

prioritize on technical and vocational training (TVET) and transform policy on Education for

Sustainable Development to enhance the transition to a green economy (GoK, 2015). Currently,
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government sponsored off-grid renewable technology training programs for artisans are often

sporadic and a large number of local artisans involved in the delivery and installation process

have informal training and are not certified (DaSilva et ai, 2016). To address this, the Energy

Regulatory Commission (ERC) developed the Energy Solar Photovoltaic System Regulation

2012 with the intention of improving the quality and maintenance of solar PVs through a

certification of techn icians.

Findings by UNDP (2016) noted that the lack of consumer education is a notable barrier to rural

clean energy adoption. In addition, there are no government sponsored clean energy vocational

training programs for artisans, a gap which the private educational sector is attempting to fill, but

questions arise concerning the quality of vocational education by private colleges, given the lack

of skill capacity in clean energy training. Studies done by JICA (2015) reveal that a few

universities, such as Kenyatta University, University of Nairobi and Jomo Kenyatta University of

Science and Technology are providing training and research, programs on clean energy

technologies but less than 17% of teachers nationally have received formal training in clean

energy technology (J ICA, 2015). A number of international agencies and non-governmental

organizations, such as USAID and World Vision International, have also attempted to fill this

gap by funding informal courses targeting solar PY systems.

Innovative capacity for renewable technologies is low and there is no framework for the

provision of targeted Government sponsored incentives and awards targeting the research and

development of low-cost, high performance and locally assembled low-carbon energy products

by the informal and academic sector. To address this gap, the University of Southampton is

working with the Ministry of Energy and Petroleum to develop a Kenyan National Energy
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Laboratory in order to foster research and innovation in clean technology (University of

Southampton, 201 S). Chan (2015), also, reports experiences of an innovative group of

University students in Njoro, Nakuru County who successfully attempted to assemble a wind

turbine using local materiais, with the capacity to power a 12W battery, sufficient for powering

three computers and 12 hours of study for a class of local students. A key lesson learned is the

high potential of producing affordable, innovative off-grid products in the green economy if the

country invests in research and human capacity by building partnerships with local and

international education and research institutions.
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CHAPTER 5 CONCLUSION AND RECOMMENDATIONS

5.1 Introduction

This section presents the summary of study findings the recommendations and suggestions for

further research.

5.2 Summary of findings

The study sought to evaluate the socio-economic viability of low-carbon off-grid power as a

policy strategy for accelerating inclusive access to clean energy. This was achieved by

examining the policy framework and the role of energy sector actors within Kenya's

Constitutional and regulatory framework, through a critical literature review and key informant

interviews. Data used to analyze the social viability and ranking of renewable off-grid

technologies was collected from a sample of 151 respondents using systematic random sampling

and semi-structured interview guides and analyzed using descriptive statistics. To evaluate the

economic viability of renewable off-grid technologies, financial information was collected

through retail and industry surveys and secondary research. Data was analyzed using levelised

cost of energy, Net Present Value and Economic Rate of Return quantitative models, and

subjected to sensitivity tests in order to develop a ranking of viable options for unreached

households.

The literature reviewed and analyzed pointed to a growing awareness of the need for policy and

regulatory reforms, with a strong emphasis on an inclusive planning approach and devolved

functions, with the active participation of energy sector actors in order to successfully accelerate
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inclusive rural access to clean energy. The social analysis revealed a positive perception by

unreached households concerning the social benefits and willingness to pay for clean energy,

with a strong preference of solar products for lighting and LPG gas stoves for cooking while the

economic analysis pointed towards the viability of small-scale Pico and solar PV lighting

products and portable LPG and clean cook-stoves to meet household cooking needs. The key

study findings, in line with study objectives, are described in detail.

5.2.1 The role of energy sector actors in the renewable off-grid sector

The analysis of energy sector actors within the off-grid framework revealed how power and

resources in Kenya are distributed and its implications towards accelerating universal access to

clean energy. Key findings indicate that the institutional structure of clean energy deployment is

largely dominated by the Central Government, effectively locking out other stakeholders and

creating low incentives for off-grid clean energy deployment non-state actors. In addition the

Government's policy and financial support is largely directed towards institutional and large-

scale off-grid installations crowding out the household off-grid energy sector from targeted

expansion plans, subsidies and grants.

There are unclear provisions regarding devolved decision-making and allocation of funds to

County Governments, targeted towards household off-grid clean energy development. In

addition, there is a low level of awareness and technical capacity regarding clean energy

development at County level and the role of County Government in the quality regulation of

household renewable off-grid products remains unclear.
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Research findings revealed that Kenya's private sector, including informal vendors, is a

significantly dominant player of the household off-grid market by providing financial

investment, credit opportunities, awareness and delivery of renewable energy products to remote

households. In addition, Non-governmental organizations (NGOs) are strong participants in the

household off-grid sector by providing financial and technical support as well as informal

training programs. Women, within the framework of women's groups are also strong actors in

this sector.

The key constraints for private and non-governmental agencies in clean energy development are

access to Iinance, due to high prevailing interest rates, and lengthy corporate registration and

regulatory compliance procedures. In addition, private sector actors do not benefit directly from

state or county-level support in the form of targeted subsidies for the household off-grid sector,

constraining their penetration into remote areas. The household off-grid market was discovered

to largely unregulated, with evidence of unclear policy on tariff structures and low quality

standards for off-grid energy products. There are also unclear guidelines in the implementation

of import tari ff exemptions for household clean energy products at the Customs office creating

opportunities for rent-seeking among officials.

Study results revealed a human capacity gap in the renewable off-grid sector, with an absence of

formal State sponsored training institutions for artisans and inadequate education or awareness

programs for potential end users in remote communities. In addition, findings revealed an

absence of regulatory support for innovation on low-cost, locally made off-grid household

products, specifically wind turbines and biogas kits that remain unaffordable for rural

households. The capacity gap was also made evident in the low level of awareness and
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stakeholder participation in national clean energy policy and planning. Local Government

officials and communities, including women, living in remote rangelands of Kenya are

significantly excluded from national policy and planning process for the off-grid sector. In

addition, end users do not benefit from State or County level grants or awareness programs that

would facilitate the expansion of rural access to clean energy, while the role of media in shaping

public policy and stakeholder awareness of clean energy is largely underutilized.

5.2.2 The social viability of household renewable off-grid technologies

This study evaluated the social viability and acceplance of household renewable off-grid energy

technologies. Key findings reveal that average household income for communities in remote

rangelands falls helow US$ 30 monthly, well below the global poverty line of $1.9 a day.

Household grid power access is 2%, yet a significant portion of rural households (27%) reside

less than a kilometer from the power grid network, indicating that grid expansion does not

translate into grid power access by low-income communities in rangeland settings. The principle

household concern relating to high-carbon fuel use is high income expenditure on fuels and

healthcare costs arising from indoor pollution, the greatest expenditure being on allergy related

complaints consuming 43% of income. In addition, low intermittent income is discovered to be

the key factor constraining household access to clean energy, implying a need for Government-

sponsored financial interventions to expand rural clean energy access.

There is a significantly high level of social awareness about clean energy especially among

female respondents, which is largely perceived to be grid electricity, creating a high preference

for electric products for lighting and cooking. In the absence of grid electricity, households are

willing to trade-off ease of doing business and time-saving attributes of grid power in their
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selection of alternative off-grid clean energy sources. Social acceptability for clean energy by

households in the rangelands are largely influenced by traditional and cultural values, clean

energy awareness, gender perceptions, mobility of residents, and attachment to places of

residence, where the higher the attachment the greater the motivation to upgrade to clean

energy, in line with findings by Devine- Wright (2008) and Asefa (2007).

A small portion of households, all male-headed (17%), are unaware about clean energy, the

principle reasons being lack of awareness programs, indifference about clean energy and

nomadic lifestyle. In addition, remote communities willing to upgrade are generally unaware

about off-grid clean energy products in the market and are likely to buy low quality products.

This creates a strong need for community awareness programs channeled largely through the

radio and television media, which are reported to be the principle sources of information

regarding off-grid clean energy awareness. There is a strong household consensus, however

regarding willingness to pay for clean energy, amounting to. 86% of respondents, and a

significantly positive perception about the household benefits of clean energy, as most

households believe that it would create 60% income savings and 70% savings on healthcare

expenditure. A further analysis of clean energy preferences revealed a strong preference for Solar

PYs and Pico solar lamps in the absence of electricity, and a preference for LPG stoves, followed

by improved cookstoves,

5.2.3 Economic viability of household renewable off-grid technologies

The study sought to evaluate the economic viability and sensitivity of renewable off-grid

technologies to macroeconomic indicators, discount rate and inflation. Energy consumption data

indicates that average household savings of 44% - 66.2% on fuel cost and would be made if
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households switched from high-carbon fuels to off-grid clean energy sources for lighting and

cooking, in line with findings by Kost et al (2013) regarding clean energy sources as a feasible

and profitable alternative to fossil fuels.

A ranking of results revealed that Pico solar lamps are the most viable lighting technology for

remote households followed by solar PY kits and battery powered torches due to their relatively

low cost and resilience under macroeconomic uncertainties. Economic rankings also revealed

that portable gas cookers are the most economically viable technology for household cooking

closely followed by clean cook-stoves, and biogas digesters although the initial investment costs

remain a barrier to low income households, creating a need for financial interventions. Findings

also reported negative economic returns for household wind turbines. However, at reduced

inflation rates below 5%, wind turbines would be economically viable as a community-based

initiative.

5.2.4 Effect of Policy regulations and guidelines on off-grid clean 'energy development

The study examined Kenya's policy and regulation in line with off-grid clean energy

development. Key findings revealed that Kenya's direction is clear in terms of clean energy

development as highlighted in the Energy Act of 2006 and the National Climate Change Action

Plan 2012-2017, which recognizes the need towards a low-carbon green economy. However

questions arise regarding the financial support of such programs and how to ensure funds trickle

down to remote rural households through respective County Governments.

In support of the Sustainable Energy for all Initiative (SE4AII) 20 II the Kenyan Action Agenda

(AA) presents a long-term vision for universal clean energy access, covering the period 2015-
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2030. The achievement of AA goals however, are constrained by functions that are largely

dominated by State institutions at the exclusion of County Government and energy sector actors,

with unclear provisions for devolved funding for clean energy access.

There no clear policy provisions for the deployment of the full range of home clean energy

systems for off-grid households in remote rangeland settings, and the country does not provide

direct subsidies targeted for low-carbon household clean energy products. In addition, public

funding for solar expansion is largely limited to rural public institutions, leaving out off-grid

remote households. The private sector is vibrant, and attempts to fill this gap, but the sector is

challenged by the high cost of credit and influx of low quality products which are largely

unregulated.

National funding for clean energy development comes principally from the Government and

international donors, and the bulk of finance for rural electrification is channeled through the

Rural Electrification Authority, with no evidence of devolved clean energy funding to County

Governments. The Feed in Tariff (FiT) Policy (revised 2012) rates are not sufficient to attract

private developers towards rural clean energy development, and the pol icy does not provide clear

guidelines or incentives for private investment in off-grid areas.

A number of reasons have been identified for Kenya's poor participation in Clean Development

Mechanisms. This includes barriers to obtaining start-up finance from financial institutions,

limited technical and human resource capacity and weak institutional capacity. The country is

also financed by international partners under the Climate Investment Fund's Scaling-up

Renewable Energies Program (SREP), which focuses largely on geothermal, solar water heaters
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and small hydro plants, effectively crowding-out funding for household or community-based off-

grid clean energy initiatives.

This study reveals a number of gaps in institutional clean energy deployment for off-grid areas,

the principle barrier being financial capacity and high interest rates. The institutional structure of

energy deployment, despite Constitutional provisions, is generally dominated by the Central

Government, effectively locking out other stakeholders. Questions also arise about the

knowledge capacity of county governments to handle the task of energy planning and regulation.

Currently the national focus on geothermal energy is crowding-out attention for off-grid clean

energy development for the household sector, making it a low priority on the political landscape.

This means that the balance of risk-taking leans heavily on the private sector, while the

government and Rural Electrification Authority focuses on off-grid energy development for

institutions, further excluding energy deprived low-income households.

The legal framework for public private partnerships reveals that there are unclear guidelines, on

public-private partnerships for remote off-grid energy development. From the tax perspective,

the Government has put in place various tax incentives and exemptions to support domestic and

international investments in the energy sector. However they focus on grid and mini-grid energy

infrastructure at the expense of rural off-grid household installations. The use of VAT

exemptions and zero-rating of import duty on renewable energy equipment reveals unclear

guidelines, creating room for rent-seeking activities. Private developers are also challenged by

poor access to off-grid remote locations and rangelands due to poor road networks and security

infrastructure.
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Regarding stakeholder participation in clean energy policy there is a notable absence of public

scrutiny and stakeholder engagement, which has constrained effective participation in clean

energy policy. In addition, Kenya's policy framework for human capacity development and

innovation in the off-grid clean energy sector is inadequate creating a technical capacity gap ..

Innovative capacity for renewable technologies is also inadequate, and there is no framework for

the provision of Government incentives and awards for the development of low-cost, innovative

and locally assembled energy products by the informal and academic sector.

5.3 Conclusion

The principal conclusion is that low-carbon off-grid technologies for households are socially

and economically viable 3S an alternative policy option for powering remote communities to

achieve inclusive access to clean energy, with the most viable technologies being Pico solar and

solar panels for lighting and LPG and clean cookstoves for cooking. However clean energy

access to remote rural areas is largely constrained by low household income and low engagement

between State, County and civil society, including remote communities and women, who are

strong actors, in clean energy planning for the off-grid sector.

The household clean energy market is not well regulated, with evidence of low quality products.

Devolved funding and decision-making for the household off-grid sector at county level is

largely absent and there is a low technical capacity for clean energy regulation and development

at County level, thus counties are not in a position to provide targeted clean energy delivery and

support to low-income deprived households. The policy framework and national funding largely

prioritizes on grid expansion and off-grid power expansion to rural institutions and trading
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centers, crowding out low-income households. Private investors are constrained by lengthy

licensing regulations and high interest rates and there are insufficient policy incentives through

public-private partnership to expand clean energy to remote off rural areas

5.4 Recom mendations

Based 011 study conclusions, the following recommendations can be made:

l. There is a need for a multi-stakeholder low-carbon off-grid energy planning approach

involv ing [ational, County level regulatory authorities and energy sector actors,

including community leaders and women, in compliance of Article 174 (c) of the Kenyan

Constitution, to accelerate the diffusion of renewable off-grid energy to remote, deprived

households.

II. The role of County Governments in the delivery and regulation of the household off-grid

energy sector, provided for in Part 2 of the Fourth Schedule of Kenya's 2010

Constitution, needs to be implemented and expanded to enhance the diffusion of

technologies to deprived households. This includes the provision of clean energy grants,

enforcing the quality control of home energy products and sponsorship of clean energy

awareness programs for rural communities.

III. National grants targeted for clean off-grid energy access by remote rural households can

be extended through budgetary allocations devolved to County level, as local officials are

in the best position to identify and assist needy remote households.

IV. To attract private investment, Clean Development Mechanisms and development

financing 111 rural off-grid development, there should be increased political space and
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public scrutiny by civil society and pressure groups, including the media, to enhance the

accountabil ity and transparency of publ ic energy sector institutions.

v. In line with global best practices, a framework for light regulation in the area of licensing

and approvals may be extended to business operators within the clean off-grid household

sector. This includes a one-stop business registration procedure to fulfill licensing and

regulatory requirements. Support for the informal sector should be scaled up as they are

strong players in the awareness and delivery of clean energy to remote rural markets.

This includes elimination of licenses, financing of low-interest loans, loan guarantees and

awards to support investment and innovation in clean energy products.

VI. To regulate the quality of household off-grid renewable products, quality standards and

international certification requirements of imported household clean energy products

should be clearly specified at all border points and tightly enforced in partnership with

County oflicials.

VII. To support the diffusion of clean off-grid energy to remote households, attractive

financial initiatives can be provided, through public-private partnerships, supported by

national and international grants, such as low-interest loans or easy hire-purchase terms

to households. Financial initiatives should also be targeted towards women's groups,

since they have a strong potential for expanding clean energy access to remote areas.

Potential actors include cooperative societies, private developers, non-governmental

organizations and micro-finance organizations.

VIII. To enhance private investment in the rural off-grid sector, more viable private investment

models are needed for expansion of clean energy into remote settings. This includes the

use of green bonds, which are designed to fund projects that have positive environmental
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benefits creating incentives for investors. Other incentives include favorable Feed-in

Tariffs, investment tax credits, givmg investors the opportunity to offset low-carbon

investment against income tax, and loan guarantees supported by the Government and

international financial agencies.

IX. In order to fill the technical capacity gap In the up-take of renewable off-grid

technologies, there is a need for increased investment 111 local vocational institutions,

scholarships and training programs for County Government officials, trainers, artisans

and end-users, in partnership with local and international educational linkages, as they

require a higher level of technical competency. This can be supported through a review of

curricula in technical training institutions to incorporate off-grid clean energy technology.

x. To enhance awareness among remote rural communities and sensitize them about the

health and financial benefits of clean energy, national awareness and community

education programs can be implemented in partnership with County Government, non-

governmental institutions and the local media. To enhance stakeholder participation in

public policy on clean energy, there is a need for state and non-state institutions,

including the media to build stakeholder capacity through national awareness programs

and make remote communities understand the essence of engaging the authorities at

Government and County level in the policy and legislative process, as this would

translate into inclusive clean energy access.

5.5 Policy Recommendations

Based on study findings and conclusion, the following policy recommendations can be made to

accelerate rural access to clean energy:
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I. The National Energy policy and planning framework can make special provisions for

expansion and funding of the household renewable off-grid sector into rangelands and

other deprived areas, with the input of stakeholders, particularly remote communities,

who are most excluded from rural low-carbon energy programs.

II. Targeted subsidies to support low-income remote households can be provided for

selected viable off-grid clean energy products such as solar PYs, LPG stoves and clean

cookstoves, with logistical support to ensure that products reach remote markets.

III. The Energy Regulatory Commission (ERC), in partnership with County Government,

can provide a framework for the regulation of the off-grid household sector through light

regulation of private developers but increased quality control of home-based renewable

energy products.

IV. The Feed-in-tariffs Policy for off-grid energy supply which provides for solar and biogas

technologies should cover the entire range of low-carbon off-grid technologies and

revised upwards to provide incentives for private investment 111 the remote rural

household sector.

v, A Household Off-grid Clean Energy Fund, sustained through budgetary, donor funding

and CDM mechanisms can be developed and devolved to County Governments to

accelerate investment and growth of clean power to remote rangelands and deprived rural

communities, in achievement of Kenya's Action Agenda 2015-30. This fund can be used

for clean energy grants to support energy sector actors, low-interest credit facilities for

households and women's groups, training and awareness programs.
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Vi. Fiscal measures, which include increased licensing fees, logging penalties and carbon

taxes for wood fuel and kerosene products, can be implemented to reduce the adverse

health impacts on households and enhance forest and rangeland conservation efforts.

vii. Expanded fiscal support for the off-grid household sector can be provided by the Ministry

of Finance through budgetary allocations. A provision for this allocation to County

Governments should be clearly specified.

VIII. To promote investment in this sector, import tariff and VAT exemptions should cover all

categories of home off-grid energy products and clearly enforced at State departmental

level to minimize opportunities for rent seeking, while enhancing regulatory

transparency.

IX. To reduce off-grid supply-side constraints, infrastructure development of remote rural

areas is required, through the construction of roads, communication, security networks

and market support structures, in order to attract private investment in the off-grid

household sector.

x. Finally, policy support, grants and innovation awards for informal sector artisans,

universities and research institutions can be provided to develop local innovative, high-

quality and low-cost off-grid energy products, as affordability is a strong determinant for

inclusive household access to clean energy.

5.6 Areas for further study

From the study results, further studies should be conducted on the following areas:
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I. Mechanisms for financing increased household access to off-grid technologies, such as

the various subsidy models, and carbon financing, need to be further explored to

accelerate inclusive access to clean energy.

II. There is a need for more research to explore the role of the informal sector in the delivery

of affordable off-grid home energy products in order to expand inclusive rural access to

clean energy.

III. Further studies are needed to examme gender perspectives in expanding rural clean

energy access.

IV. More research is required to exarrune the technical viability of renewable off-grid

technologies and the level of technical competencies needed to support growth in this

sector.

v. Further studies are needed to assess the impact of low-carbon off-grid technology

innovation 011 clean energy diffusion.

VI. Finally, further studies are required to examine the mechanisms for expanding domestic

and foreign private sector investment into the household off-grid clean energy sector.
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APPENDICES

APPENDIX I. HOUSEHOLD INTERVIEW GUIDE

This interview guide is for the purpose of assessing the social impact of energy consumption. The identity

of the respondent will not be required. Please answer all questions to the best of your knowledge. Where

boxes are provided please tick the appropriate box.

SECTION A: DEMOGRAPHIC PROFILE

I. Occupation of the household head Gender: D Male D Female

2. Marital status D Single D Married

3. Average monthly income D Below 3000 D 3000-1000 D 10,000-30,000

D 31000-50,000 D Above 50,000

4. Number of household occupants: Adults _ Children _

5. Number of rooms in your house 6. Home ownership DYes D No

7. Is Y0l!rhouse made of D permanent material D Semi-permanent D Temporary material?

8. No of years in your current dwelling D Less than I year D 1- 3 years Dover 5 years

9. How far from home is the nearest electricity pole? _ Kilometers

10 In how many years do you expect to be contacted to electricity power? Years
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SECTION B: SOCIAL ACCEPT ABILITY OF RENEW ABLE ENERGY

II. Are you are aware of renewable or clean energy (wind, electricity or solar)? DYes D No

12 [f no, tick reason for lack of awareness

D No community education D No access to radio / TV D No interest in clean energy

o Nomadic lifestyle D Other (please explain)

13. [fyes tick your source(s) of information about clean energy

D Radio D Television D Newspapers/Magazines D Community Education D Market

D School D Friends D Family D Other (please specify) _

14 [fyes, state the clean energy product would you prefer for lighting (by entering rank 1,2,3,4,5,6)

D Electric lights D Solar Panels D Wind power D Gas lamps D Rechargeable solar lamps

D Battery powered torches

i. Give reasons for your highest preference

ii. Give reasons for your lowest preference

15 Which clean energy source would you prefer for cooking? (Enter rank 1,2, 3, and 4)

D Electricity D Biogas power D Clean cook stoves D Portable gas cooker (LPG)

I. Give reasons for your highest preference _
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II. Give reasons for your lowest preference _

16. Would you be willing to switch to clean energy if it was available? DYes D No D N/A

17. Ifno, state why clean energy would not be an option. DToo expensive D Nomadic lifestyle

D Temporary shelter D Unwilling to change social traditions D Equipment too costly

D Preference for traditional fuels D Accident risks D Other (specify) _

18. If yes what are the main challenges to accessing clean energy?

D Financial challenges Explain _

D Social I lifestyle barriers Explain _

D Cultural barriers Explain _

D Products are unavailable D Government failure D KPLC failure D No barrier

D High cost of equipment D other challenge (explain) _

SECTION C: ENERGY USE AND DEMAND

19. Tick the energy source(s) you currently use for cooking:

D Charcoal stove D Firewood D Kerosene Stove OJas Cooker Omall Gas Burner

D Electric cooker Dlectric Hot-plate Dher (please specify) _

20. Tick the energy source(s) you use for lighting: D Kerosene lantern Dmall tin lamps
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D Candles O::lectric light bulbs Dnergy-saving electric (LED) lights

D Car battery-powered lights Diesel generator-powered lights Der (specify) _

21. How much income on average do you spend on selected energy sources for cooking per month?

Kerosene: Firewood --- Charcoal ___ Gas (LPG) __ Electricity _

22. How much income on average do you spend on selected energy sources for lighting per month?

Kerosene Candles Electricity Torch Battery

Car battery recharge _ Generator diesel fuel ----

23 If you are using electricity, tick the challenges you are facing and suggest any improvements

Tick Electricity use challenges Specification Suggested improvements

Takes long to get connected Connection time (months)

High cost of connection Total Connection Cost

High cost of power Average monthly power bill --

High cost of electrical Total cost of fittings --
fittings
Frequent blackouts Average weekly blackout hours _

Power rationing Daily rationing hours

Poor service level Average service response time __

Other challenge (specify)
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24. If you are not using electricity or clean energy, tick the challenges you are facing with current fuel

use, and the expected benefits of clean energy use

Tick Concerns of fuel-based energy users Tick Expected improvements from clean
energy use

High cost offuel Income savings on fuel

Enter monthly spending on fuel Expected monthly savings

Health risk from pollution Clean, healthy environment

Enter medical spending in 2016 for: Expected annual healthcare savings:

Allergies ------------ Percent

Cough infections

Asthma

Eye problems

Other health problems ( specify)

Accident risks Reduced accidents from clean energy

Number of burn incidents in 2016 ------------ Percent

Other injuries (specify)

Takes long to collect fuel Time savings in accessing fuel

Collection hours daily Expected hours saved daily --
Fuel burns out too quickly Increased fuel-hours

Average daily hours of fuel use Expected extra daily fuel hours __

Restricted access to fuel supply Clean energy readily available

Cannot provide home security lighting Provides security lighting

Limited study hours for children Extra study hours

Average daily study hours Expected extra study hours

Cannot charge cell-phone Capacity to charge cell-phone

Other challenge (specify) Other benefits (Specify)
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21. If you intend to switch to clean energy, what would be your expected source of finance?

o Government support 0 NGO support 0 Self-help group 0 Cooperative society loan

o Personal savings 0 Sale of livestock 0 Other source (please specify)

22. Explain what you would do if Government and NGO support was unavailable _

Thank you for your participation in this survey.
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APPENDIX II CHECKLIST FOR KEY INFORMANT INTERVIEW

This key informant checklist is for the purpose of assessing the role of energy sector actors in the delivery

of clean energy to off-grid households. The identity of the respondent will not be required. Please answer

all questions to the best of your knowledge.

1. Position of the key informant

2. Awareness of National Energy Policy in line with off-grid clean energy

3. On-going rural clean energy programs at :

I. Mini-grid level

II. Off-grid institutional level

III. Off-grid household level

4. Key factors constraining effective delivery of clean energy to rural households.

5. Funding sources for clean energy delivery (please select):

I. Government

II. Donors Idevelopment partners

III. Financial institutions

IV. Others (please specify)

6. Perceived inclusiveness of actor in renewable energy policy formulation and planning

I. Inclusive

II. Partially inclusive
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III. Excluded

7. Obstacles to participation of key stakeholders in renewable energy policy and planning

8. Noticeable gaps or limitations of renewable off-grid energy policy and programs

9. Suggested improvements or reforms for off-grid renewable energy policy and programs

Thank you for your participation in this survey.
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APPENDIX III ANALYSIS OF STUDY OBJECTIVES

--
Objective Data collection Measurable variables Method of data

instruments analysis

To examine the role of Key informant Institutional Descri ptive
energy sector actors in interviews responsibilities
clean off-grid energy Clean energy delivery
delivery constrai nts,

Green financing,
Policy participation
Regulatory gaps

To evaluate economic Retail surveys Capital cost Levelised cost of
viability of clean off-

Feasibility studies
Fixed Costs energy

grid technologies Variable costs
Income savings

Net present value,
Literature review Discount factor Economic rate of

Generation capacity return

Sensitivity analysis

To evaluate social Household interview Occupation Descri ptive
viability of clean off- schedules Household size
grid technologies Income Paired sample t test

Energy use and
expenditure Friedman test
Willingness to pay
Clean energy preferences KendalJs W test
Clean energy financing

To examine the effect Literature review Policy framework for off- Content analysis
of policy, regulations grid clean energy
and guidelines on off- Green financing
grid clean energy Pri vate-publ ic
delivery partnerships

Public policy
participation
Capacity building and
innovation
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APPENDIX IV IMAGES OF CLEAN OFF-GRID HOUSEHOLD PRODUCTS

Fig 6.1 Pil'o solar kit (Source Lighting Global)

.. ...
<# I

Fig 6.2 Solar PV kit (NREL, 2(16)

r
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Fig 6.3 Vertical Axis Wind Turbine (Source: Energy Without Carbon, 2011)

Fig 6.4 Biogas digester (Source: TREC, 2016)
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Fig 6.S Clean energy cook stove (Source Global Alliance for Clean Cookstoves, 2016)
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