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Energy poverty affects physical health, well-being, and ability to prosper. A large proportion of Kenyan population lack access to
electricity because they are located far from the national grid where it is uneconomical to extend electricity. This paper assesses
energy poverty situation in Kirinyaga and reviews its implication on standard of living. Kirinyaga is a rural county with the main
economic activity being agriculture and a few agroprocessing factories. Most rural households in Kirinyaga rely on fuel wood to
meet their basic energy requirements and lack access to electricity. Tea factories and educational institutions rely on fuel wood to
minimize cost of electricity. Kirinyaga residents, therefore, experience energy poverty as indicated by low electricity access and
reliance on traditional cooking fuels. Energy poverty in Kirinyaga has negative impact on indicators of standards of living, calorific
intake, life expectancy, and literacy levels.

1. Introduction

Energy poverty is one of the main global challenges of this
century despite major expansion of centralised electricity
networks [1, 2]. Energy poverty in developing countries
is caused by low levels of electrification and other forms
of networked energy provision resulting from economic
constraints and inefficient institutions [3, 4]. Energy poverty
eradication can be achieved through implementation of
Sustainable Development Goals (SDGs) Goal 7, which aims
at sustainable development through provision of affordable
and universal electricity access by 2030 [5]. Limited access
to energy is a major challenge to achieving SDGs [4–8].
About 83% of households in sub-Saharan Africa rely on
traditional fuels while 74% lack electricity [9, 10] and despite
the fact that energy resources are more than sufficient to
meet domestic needs, they remain underexploited and access
to modern services is limited [11, 12]. The Global Network
on Energy for Sustainable Development (GNESD) [13] states
that majority of the world’s poor live in rural areas with
limited access to modern energy services and thus depend on

traditional energy sources, e.g., biomass. The cost of energy
causes a heavy economic burden to low incomehouseholds in
developing countries, with households spending even more
than 20% of their total household income on energy uses
[14]. Hence, governments in developing countries require
innovativeways of tackling energy poverty in order to achieve
universal energy for all citizens [15].

The most common types of fuel in Kenya used for
cooking by households are firewood, charcoal, cow dung,
and agricultural residues like maize and sorghum stalks and
maize cobs [16]. Charcoal is used by over 82% of the urban
population and 34% of rural households, with demand likely
to rise with population growth, increased urbanization, and
development of cottage industries [17]. Although these are
renewable energy sources, their rate of exploitation may not
be sustainable and may lead to depletion in future [18],
thus need for alternative renewable energy sources. Further,
large consumption of biomass for energy purposes could
lead to biodiversity loss [19] and increased deforestation,
desertification, and land degradation [20].
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The challenges facing Kenya’s energy sector are well
documented. They include low electrification rate, reliance
on imported fossil fuels, transmission inefficiencies, frequent
power outages, high cost of rural electrification, demand for
electricity outstripping generation capacity, and inability of
power utility agency to connect all customers who apply for
connection [21–25]. A large proportion of Kenyan population
lack access to electricity because they are located far from
national grid where it is not economically feasible to extend
electricity [26, 27]. Most rural households in Kirinyaga
County are not an exception to the electricity access situation
prevailing in Kenya. Therefore, this paper reviews the energy
poverty situation in Kirinyaga County and its implications on
standard of living.

2. Assessing Energy Poverty
and Its Implication

Energy poverty is defined differently depending on the
context and the country of reference. Energy poverty may
be difficult to define universally, but there are many people
worldwide that suffer from some aspect of energy poverty.
Energy poverty is as a multidimensional concept including
calorific intake, life expectancy, housing quality, literacy, and
access to energy among other factors. When expressed from
a nonincome dimension, two energy indicators are found,
lack of electricity access and reliance on traditional cooking
fuels, e.g., wood, charcoal, and dung [28]. Energy poverty is
caused by a complex combination of factors including lack of
physical availability of certain energy types, lack of income,
and high costs associated with using energy [29]. One way
of estimating energy poverty is to assess the budget share
a household spends on fuels and electricity. In the United
Kingdom, a fuel-poor household is one that spendsmore than
10% of its income on all fuel use [30, 31]. Such a measure
may not be applicable to developing countries that use cheap
biomass fuels as this would underestimate the magnitude of
energy poverty [30]. Households that spend more than 10%-
15%of their incomeon energy permonth or year are generally
considered energy poor [28]. Energy development index, a
composite measure of energy use in developing countries,
which measure the progress of a country in implementing
modern fuels in its energy systems, is also used to measure
energy poverty [22, 32, 33]. The energy access-consumption
matrix is an energy poverty indicator that describes energy
poverty in terms of quantity of energy used and access
to different energy sources [29, 30]. Authors in [34] have
proposed multidimensional energy poverty index (MEPI)
a measure composed of five dimensions representing basic
energy services. MEPI measures the incidence of energy
poverty and quantifies its intensity.

The standard of living is the level of welfare available
to individuals or a group of people. It concerns the goods
and services people consume and the resources they have
access to [35]. It includes such factors as income, poverty
rate, quality and affordability of housing, gross domestic
product, inflation rate, affordable access to healthcare, quality
and availability of education, and life expectancy among
others [36]. One measure of living standards is Human

Development Index (HDI), which has three dimensions:
life expectancy, education level, and a decent standard of
living measured by per capita income [35, 36]. Energy access
directly or indirectly influences availability and consumption
of goods and services, hence effects on standard of living.

Access to energy is one cause of duality in developed and
developing countries [37, 38]. No country has been able to
raise per capita incomes without increasing the use of com-
mercial energy [39, 40]. Household consumption of energy
enhances standards of living because health is improved
through refrigeration; education enhanced through lighting
and improved communication; income is improved due to
increased productivity and the environment is conserved due
to reduced pressure on traditional energy sources [41]. When
people experience energy poverty it affects their physical
health, well-being, and their ability to prosper [42]. However,
despite the fact that electricity can cause societal change by
providing new activities and services, social and economic
development that improves quality of life and improves
livelihoods of rural populations does not always occur [43].

In this article, energy poverty is reviewed based on life
expectancy, literacy levels, calorific intake, and access to
electricity and reliance on traditional cooking fuels. There is
an overlap between the definition of energy poverty [28] and
that of standards of living [35], hence the choice of indicators
in reference [28]. This multidimensional approach offers a
broad understanding of the complexity of energy poverty and
its implications on standard of living of Kirinyaga residents.

2.1. Causes of Energy Poverty. Energy poverty in Kirinyaga
is caused by several factors. There is low access to electricity
because only 16.2% households have electricity while the
rest are not connected [44]. Despite the government’s effort
to subsidize electricity connections many household cannot
afford the initial connection charges, hence the low access.
High cost of modern sources of energy also leads to energy
poverty. In Kenya, the cost of electricity has been rising
despite expansion of electricity generation capacity. The high
cost of electricity reduces its consumption in households and
some businesses raise cost of essential goods and services
making them unaffordable [45]. The Kenya National Bureau
of Statistics (KNBS) notes that, between 2017 and 2018,
there has been a 22% increase in price of electricity for
consumers of up 50 kWh monthly and a 14% increase for
consumers of up to 200kWh [46]. Hence, many households
cannot afford to use electricity for cooking but mainly use
it for radio listening, television watching and lighting [47].
The number of households using LPG is about 3% [44]
because in rural areas, there are poorly developed markets
and distribution costs are high. Further, rural households
living on less than a dollar a day cannot afford the initial
cost of the cylinder and accessories costing about 400 US
dollars. Rural people are also afraid to adopt LPG because
of safety concerns [48]. Once they adopt LPG, they may not
afford to continue refilling the cylinder [49]. According to
[50], household in developing countries do not automatically
switch to LPG when their income improves. In most cases,
they practice energy stacking using LPG or electricity to cook
light meals, e.g., tea, dung for simmering, and fuel wood for
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cooking meals that take long to cook. In Kenya, the share of
households using LPG is 1.2% in rural areas and 13% in urban
areas while use of fuel wood predominates.

The level of income affects choice of cooking fuels.
Cleaner fuels are used by households with high levels of
income while traditional fuels are used by households of
lower socioeconomic profile [51, 52]. The net living wage for
rural Mt Kenya region is about 128 US dollar per month [53].
This low incomemakesKirinyaga rural households to depend
on firewood for cooking and also partly because most of the
firewood is collected not bought [53].Hence low income leads
to dependence on biomass fuels [54] which is a measure of
energy poverty.

Failure to adopt cleaner renewable sources of energy
also contributes to energy poverty. Biogas and solar energy
are viable alternatives to fuel wood but only 0.8% of the
households in Kirinyaga use biogas, while 0.1% use solar
for cooking [55]. The reasons for low adoption of these
technologies could be perceived demerits of biogas and solar
cookers which are small and may not be used to prepare
some staple foods [47]. Adoption of biogas is hampered
by high initial investment costs, e.g., the cost of a family
size floating drum plant in most African countries averages
1667 US$, whereas in Kenya, the fixed capital investment
costs are 1535 US$ (8m3); 2198 (16m3); 12 176 (54m3); and
26,090 (124m3), which is not affordable to many households
[56], hence retention of fuel wood as the main cooking
fuel. Most of the rural households also lack information on
the alternative sources of energy. Vandalism of transformers
is a major hindrance to provision of electricity in Kenya
[57]. This causes great losses to the service provider (Kenya
Power) and the consumers. For instance, in 2012, Kenya
Power spent 4 million US dollars replacing transformers,
while on average, Kenyans stay without power for 25 days a
year [58]. Continued use of fuel wood is also partly caused
by cultural preferences. In Peru, some households believe
that food cooked on biomass burning stoves is tastier than
that cooked using LPG stoves, while collecting firewood and
cooking are considered as vital normal chores that enhance
social interaction [49]. In Kenya, some people believe that it
is not possible to prepare some traditional meals using LPG
because of taste preferences [59]. These cultural barriers trap
some households in energy poverty.

2.2. Energy Consumption and Standard of Living. There
is a nexus between energy consumption and living stan-
dards. According to [60], the Minimum Income Standard
(MIS) explores annual incomes necessary for different family
groups to be able to afford items needed for a minimum
acceptable living standard inEuropean countries. Proponents
of MIS argue that goods and services necessary for decent
living are influenced by prevailing standards and customs of a
given society. Hence they differ between cultures and evolve
over time. Hence there are differences in MIS in developed
and developing countries and even within a country.

The living conditions in our homes notably hygiene,
liveability, and basic amenities affect our well-being. Assess-
ment of recent global trends in provision of energy access in
relation to living conditionswhich include energy for cooking

and electricity, water provision, sanitation, and nutrition
indicates that growth rate of all these living conditions
are far below those of gross domestic product. Further,
deprivations in living standards are more prevalent among
low income earners especially in sub-Saharan Africa [6].
Energy is vital in providing essential human services that
improve living standards. Some essential aspects of human
welfare include long and productive life, enjoying good
health, access to knowledge and education opportunities,
ability to earn adequate income to provide households with
adequate nutrition, shelter and other material, and aesthetic
needs. All these needs may be improved when modern
energy services are provided. Modern energy sources also
lead to job creation [61]. Use of modern fuels promotes
communication and improves environmental sustainability
by reducing deforestation and enhancing energy efficiency
[62]. Energy poverty thus prevents people frommeeting basic
daily needs such as cooking, lighting, heating, cooling, and
communication all of which are necessary for an acceptable
quality of life [63]

3. Manifestation of Energy Poverty in
Kirinyaga County

This section describes the contribution of households, tea
factories and educational institutions to energy poverty in
Kirinyaga. They were selected because they all rely on fuel
wood, one of the aspects used to assess energy poverty.
They also illustrate how high cost of energy and low access
to energy can lead to energy poverty. Tea factories are the
only large industries in Kirinyaga hence selected to showcase
possible impacts of low access to energy on the economy of
the regions where they are located.

3.1. Household Energy Poverty. Kirinyaga County is one of
the 47 counties in Kenya.There are about 154,220 households
in total landmass of 1478.1 ha giving amean land holding size
of 0.0958 ha/household.The economy is driven by agriculture
where 87%of the population derives their livelihood from the
sector and accounting for 72%of household income [64]; thus
the county is rural in nature.

Major households’ energy sources in Kirinyaga County
are firewood (68.6%), charcoal (38.6%), and gas (18.8%)
[31]. These energy sources are corroborated by sale of forest
produce for firewood (Table 1) and a survey on households’
sources of cooking fuel (Figure 1). National grid electricity
connection to rural homes and urban areas accounts for 7.5%
and 15%, respectively [64].

3.2. Tea Factories and Energy Poverty. Tea processing in
Kenya experiences challenges of energy shortage, with about
99% of thermal energy used in the factories coming from fuel
wood and other biomass and remaining coming from fuel oil
[65]. Between 2008 and 2013, the 65 Kenya Tea Development
Agency (KTDA) factories countrywide used 3,927,939m3 of
firewood to generate thermal energy.During the sameperiod,
the factories released 20,490,923 seedlings to neighbouring
communities for future supply of firewood. This is an equiv-
alent to 4,740,559m3 of expected firewood. KTDA planned
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Table 1: Sale of minor forest produce in Kirinyaga from 2003-2011.

Year 2003 2004 2005 2006 2007 2008 2009 2010 2011
Monthly fuel license (head loads) 2013 8666 10980 556 9987 6239 6083 7237 7828
Fuel wood (stacks) 7 75 537 - 3203 1561 1263 - 2699
The (-) means there are no sales in form of stacks. Source: [121].

Table 2: Fuel wood and electricity consumption for tea factories in Kirinyaga and man-hours lost due to power outages.

Factory Electricity consumption (kWh)/Year Fuel wood Consumption (m3)/Year Time lost due to power outage (Hours/Year)
2013/14 2014/15 2013/14 2014/15 2014/2015

Kimunye 19 64020 1562872 19146 16397 597
Mununga 29 51323 2768678 22108 19441 300
Ndima 22390725 2187767 20989 15008 343
Kangaita 2253139 2101757 15046 11942 321
Thumaita 2455871 2215411 20302 10032 504
[122].

Firewood, 75.4

Charcoal, 14.9

Biogas, 0.8
LPG, 2.7 Paraffin, 5.4 Electricity, 0.5 Solar, 0.1 Others, 0.2

Figure 1: Percentage distribution of households by source of cooking fuel in Kirinyaga [55].

also to acquire and plant 40,300 acres of exotic trees for wood
fuel and indigenous trees for conservation. It is estimated
that between 1000-2500m3 of firewood is used per month
per factory at a cost of 17-20 US$/m3, which translates into
US$ 102 of firewood per ton of tea produced. The high cost
of fuel wood contributes to the overall high energy cost of tea
production ranging between 25 and 40% [66]. KTDA intends
to be using fuel wood in their operations for a long time
to come because they are investing heavily on buying land
to plant trees. Consequently, energy poverty will remain a
problem, because of continued use of fuel wood [67]. Over
the years, there has been a rise in the cost of electricity,
furnace oil, wood fuel and diesel, eventually reducing the
profit of smallholder tea farmers [68]. KTDA decided to
reduce energy costs by converting boilers from using diesel
to wood fuel consumption. This raised demand for wood
and forced KTDA to venture into the wood energy project
in order to provide a sustainable source of wood fuel for
the factories [69]. The Tea Research Foundation of Kenya,
however, warns that the switch fromusing grid electricity and
petroleum based products should be done with care because
it will exacerbate cutting down of trees for fuel, leading to

reduced tree cover [70]. Essentially, a shift from expensive
diesel and electricity to comparatively cheaper wood fuel is a
shift frommodern to traditional energy sources.This practice
by the tea factories exacerbates energy poverty.

Kirinyaga County has five small holder tea factories man-
aged by KTDA.They include Kangaita, Thumaita, Mununga,
Ndima, and Kamugunda [64]. These factories consume a lot
of fuel wood to fire the boilers, which generate steam for
withering and drying tea leaves. The main source of fuel
wood is decommissioned forests. However, some factories
have their own fuel wood plantations; e.g., Kangaita Tea
Factory has a 700-acres farm of which 150 acres of eucalyptus
plantation was decommissioned and the remnants used as
firewood in the factory.These factories also outsource the fuel
wood from local farmers and other counties like Embu [66].

Table 2 shows the amount of fuel wood and electric-
ity consumed by tea factories in Kirinyaga for two years.
Although data available does not indicate consumption
trends because it covers only two years, it shows high con-
sumption of both traditional and modern energy. In the year
2014/15, totalman-hours lost due to power outages were 2065,
which is a common occurrence. This problem is confirmed
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Table 3: Number of educational institutions in Kirinyaga.

Type of institution Number of institutions Enrolment
Early Childhood Development Education 348 14,672
Primary schools 326 111,400
Secondary schools 143 39,988
Tertiary institutions 29 -
Total 846 166,060
Source: [60].

by the Kenya Association of Manufacturers who document
loss of between 12-36 hours of productive work every week
because of power rationing during dry periods [69]. Lack of
energy restricts labour productivity [40]. Additionally when
electricity is unavailable the factories revert to using diesel
generators. Each factory has two standby generators and on
average, each generator consumes about 100 litres of diesel
per hour translating to 200 litres per hour per factory [71].The
use of diesel to complement grid electricity confirms that the
factories are facing energy shortages and this increases pro-
duction cost of tea. Consequently, tea factories in Kirinyaga
lack sufficient energy in terms of traditional and modern
energy sources and thus are facing energy poverty. In a
vicious circle, tea factories also contribute to energy poverty
through use of fuel wood. Additionally, when there are power
outages, there is lack of electricity access, a measure of energy
poverty.

Production costs account for 60% of the tea prices
attained at the Mombasa auction and at least 30% goes
towards energy costs [72]. This lowers the profit margin of
the small holder farmers who rely solely on tea farming
since the cold climatic is not suitable for growing other
food crops eventually reducing their purchasing power. The
economy of the tea growing areas will also be negatively
affected because tea factories are the only industries in
Kirinyaga. Less profit will limit growth of the tea industries
eventually lowering employment rate because local residents
are mainly involved in tea plucking and other jobs. Tea
factories are also involved in maintenance of roads in their
areas of operation [73] whereby about 10% of the earnings is
allocated to infrastructural development. Dwindling profits
may hamper this activity negatively impacting on the whole
region’s economy because the roads allow movement of other
commodities thus encouraging growth of other businesses
in the area. When local residents engage in businesses, their
income is improved thus raising their standard of living.

3.3. Educational Institutions and Energy Poverty. Kirinyaga
has a total of 846 educational institutions with an enrolment
of approximately 166,060 students (Table 3). Most of these
institutions have boarding facilities and provide meals for
their students. Someof the day schools also providemeals and
the main source of fuel for cooking is firewood. A secondary
school student uses about 0.524kg of firewood daily without
considering type of cooker, school type, and number of meals
cooked [67]. Using this information, the estimated firewood
consumption for the secondary schools is 39,988 × 0.524kg

= 20,954kg per day. Since students are in school for about
nine months in a year, the annual usage of firewood for 270
days is 5,657,580 kg/annum (5,658 tons/annum). This figure
is an underestimate of firewood use by educational institu-
tions because the Early Childhood Development Education,
primary schools, and tertiary institutions are not accounted
for. Suffice to say that educational institutions make a major
contribution to energy poverty in Kirinyaga through use of
firewood.

Apart from educational institutions, there are othermajor
firewood users, e.g., prisons, hospitals, restaurants, and other
common social gatherings like weddings and funerals [67,
74, 75]. In most cases, their contribution to energy poverty is
ignored, but cumulatively and over a long period of time their
use of firewood affects demand and supply and eventually
prices of firewood.

4. Implications of Energy Poverty
on Living Standards

4.1. Energy Poverty and Access to Energy. Inmany developing
countries, biomass for cooking accounts for over 90% of
household energy usage, with sub-Saharan Africa having the
world’s largest share of per capita wood fuel consumption
when compared to the global average per annum [76]. This
scenario is most pronounced in rural areas in developing
countries because they have limited access to clean energy
sources, especially for cooking. The share of poor household’s
income spent on fuels forms a significant proportion of
their expenditure and sometimes can overtake other essential
items like schooling and health costs when local fuel prices
rise [77]. The average share of Africa’s household spending
used on energy is 13%; thus the households suffer energy
poverty because they spends more than 10% of their income
on all fuel [30, 31]. Poor people without access to clean and
affordable energy spend a large share of their scarce income
on expensive and unhealthy forms of energy, which provide
poor or unsafe services, e.g., dry cell batteries, rudimentary
and inefficient kerosene lamps, charcoal, and candles [77].
Eventually these people are trapped in a vicious cycle of
poverty. Many households in Kirinyaga have experienced
firewood shortages since the late 1800s. This was partly
caused by the rising population and caravan traders from
the coast that traded in foodstuffs and firewood. This led
to tree felling and land clearing for settlement and growing
of food items that were in demand. The fuel wood shortage
continued in the 1900s because of land privatization, which
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ended the communal property regime that allowed people
to collect firewood from communal land especially forests.
Privatization also made some people landless and poor
and unable to buy alternative fuels [78]. The problem has
persisted, with most farms lacking trees and households face
challenges sourcing fuel wood. Further, women and girls
travel long distances to the forest to collect firewood; a chore
that would take a whole day and sometimes crop residues are
used despite their low calorific value [49]. Lately, supply of
biomass is less than demand as forests decline and prices of
fuel wood rising [69]. Fuel wood use in Kirinyaga is indicator
of energy poverty. This can be observed from data showing
sale of forest produce for firewood (Table 1).

Table 1 indicates that the community in Kirinyaga is
facing fuel wood scarcity and that is why they go to buy fuel
wood from the forest. Most of the fuel wood is sold in form
of head loads because it is mainly for domestic use while
the stacks are for commercial purposes. The data confirms
consistent supply of wood for domestic use, a clear indication
that residents near the forest are energy poor [71].

Figure 1 shows the types of fuels used by different house-
holds for cooking in Kirinyaga. It indicates that firewood
(75.4%) and charcoal (14.9%) are the main sources of energy
[55]. The firewood is mainly used by rural households and
charcoal by urban residents. Firewood and charcoal account
for 90.3% of energy for cooking, while all the other modern
energy sources account for 9.7% (Figure 1).This high reliance
on traditional energy is an indication of prevalent energy
poverty. There is a higher incidence of poor health among
the energy poor populations of most countries compared
to nonenergy poor households [79]. Use of fuel wood for
cooking causes indoor air pollution. It is estimated at indoor
air pollution causes 3-4 million early deaths per annum and
accounts for 18% of all ischemic heart diseases and 33% of
lower respiratory infections globally [59]. Since Kirinyaga
residents mainly rely on fuel wood, they are likely to face
similar consequences. Poor health affects productivity within
a household and can lower living standards especially if a lot
of the resources are directed towards medication.

In Kirinyaga, there are 7.5% rural households with elec-
tricity and 40 trading centres are not connected to the
national grid [64]. Energy consumption indicates heavy
reliance on traditional cooking fuels (firewood and charcoal)
and minimal access to gas and electricity (modern fuel
sources), which indicate that rural household inKirinyaga are
experiencing energy poverty. Further, a study on living wage
focusing on rural Mt Kenya area found that collecting and
preparing firewood took half an hour to one hour per day [53]
and this time would be spent on other productive activities
or leisure thus improve living standards. In rural areas of
developing countries, access to modern energy helps to raise
the standard of living of rural populations by enabling them
to acquire items like radios, television sets andmobile phones
[80]. Low electricity access in Kirinyaga is thus a barrier to
acquisition of these electrical items associated with higher
standard of living.

4.2. Energy Poverty and Calorific Intake. Food access occurs
when a household is empowered to provide a balanced diet

for all its members [81, 82]. In Kenya, food availability is
determined by cereal supply particularly maize. Per capita
food availability has declined by more than 10% over the
last three decades while per capita consumption of maize
has increased by 3% per annum [83]. Maize, the staple
food in Kenya, makes up more than a third of the calorific
intake. Most people depend on ugali (a thick porridge of
maize flour and water), accompanied by vegetables, meat, or
fermented milk. Githeri (a dish of boiled maize and beans)
or irio (mashed maize, beans, vegetables, and potatoes)
are also common [84, 85]. Based on Food Agricultural
Organisation’s (FAO) recommendations, the daily per adult
equivalent calorie requirement for Kenyans is 2250 Kcal/day
[86]. Majority of Kenyans have not achieved the FAO target
mainly because of high poverty levels, inadequate diversifi-
cation of food production and consumption, and high cost
of protein [83, 87]. The average per capita calories intake
in Kirinyaga is 2405 Kcal [88], which is slightly higher
than the recommended value of 2250 Kcal [86]. This is
attributed to export horticultural farming, which seems to
have a positive effect on food security status in the county.
DespiteKirinyaga residents being food secure, theirmain diet
consists of githeri, ugali, and rice together with vegetable or
meat stew. Cooking of githeri using dry grains take about
three hours, ugali take about 30 minute, and rice take about
40 minutes [89]. A household relying mainly on githeri as
its main diet consumes 1400 kg more wood per annum than
one relying on nonwhole grain meals [74]. Fuel wood is
scarce and many households cannot afford to use modern
fuels to cook githeri which is the main staple food and
hence prefer to use fuel wood or charcoal. Use of these
traditional sources of energy byKirinyaga residents translates
into energy poverty. Empirical studies show that fuel wood
shortage affects food consumption patterns. This leads to
fewer meals being cooked, cooking of foods that require less
fuel, substitution of raw and colds dishes, increased time
and effort to collect or purchase firewood, and consumption
of less nutritious food [74, 90–92]. Many families also opt
to buy food from street food vendors because of their life
style [53], e.g., to reduce fuel cost, despite the negative health
risks and also most street food is not balanced [93, 94].
Street foods are not always prepared and handled in hygienic
conditions. They can cause food-borne illnesses that can lead
to death of the consumers [95]. Energy poverty thus makes
people consume street food that compromises their health,
eventually affecting their living standards.

4.3. Energy Poverty and Life Expectancy. Energy is the driving
force of human development and modern societies. Energy
access promotes economic and human development and
changes agrarian societies to industrial ones. Industrializa-
tion in turn improves household incomes, thus eliminating
many contagious diseases, lowering child mortality rates,
and improving life expectancy [96, 97]. Many healthcare
facilities in developing countries are incapacitated due to lack
of energy access which is essential for storing vaccines and
carrying out life-saving operations [98]. Improved energy
access in the healthcare facilities will help to raise life
expectancy by ensuring timely provision of services. The
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Table 4: Electricity consumption and life expectancy for selected countries.

Country Electricity Consumption/kWh per capita (2014)a Life Expectancy in Years (2015)b

Kenya 167 67
Australia 10 059 82
Canada 16 109 82
Singapore 8 845 83
United States 12 987 79
Source: [104, 123].

availability of energy and the efficiency with which it is used
enable humans to improve their living standards, live longer,
and increase their numbers [99]. High life expectancy is
thus an indication of high access to food, medicine, shelter,
education, and low levels of disease and violence [100].

China is a classic illustration of the relationship between
energy poverty and life expectancy. A tripling of energy
consumption since 2000 has raised female life expectancy
from 73 years in 2000 to 78 years in 2014 [101]. Each tenfold
increase in electricity access translates into ten years increase
in life [102]. Consequently, energy poverty leads to reduced
life expectancy. The low electricity access in Kirinyaga, i.e.,
7.5% of rural households and 15% of urban centres [64], could
be the cause of life expectancy of 63 years [103]. Kirinyaga
residents life expectancy is slightly lower than the Kenya’s life
expectancy at birth, which is 67 [104], and much lower when
compared to countrieswith higher electricity access (Table 4).

Other than electricity consumption, there are other fac-
tors influencing life expectancy. Socioeconomic inequalities
in health status exist globally even in developing countries
[105]. Countries with more income than the global average
income have higher life expectancies by 6.4 years [106].
Within a country, people with higher incomes generally have
a longer lifespan than poorer people [107]. For instance,
in Canada life expectancy is slightly lower than Singapore
despite the higher electricity consumption. This is attributed
to inequalities in Canada where regions with lowest life
expectancy also process high rates of smoking, obesity, and
heavy drinking all of which lead to poor health. These
regions also have long-term unemployment rates, lower
levels of education, small immigrant populations, and higher
aboriginal populations and are located in remote areas [108].
The aboriginal people in Canada have life expectancies that
are five or more years less than those of the total Canadian
population [107]. In Singapore, despite lower electricity
consumption, theWHO ranked her third globally for average
life expectancy. Singapore’s success is attributed to having
the largest proportion of births attended by skilled personnel
and lowest mortality rate caused by unintended poisoning.
Further Singapore ranked third for lowest traffic deaths,
fourth position for lowest deaths due to air pollution, lowest
deaths due to cardiovascular and chronic respiratory diseases,
and lowest mortality due to unsafe water and lack of hygiene
among others [109]

Nevertheless, there is a positive correlation between per
capita energy consumption versus life expectancy [100].
Consequently, it can be postulated that if electricity access in
Kirinyaga is improved, there is an expected increase in life

expectancy in line with existing global trends. In Kenya only
a quarter of all hospitals have uninterrupted electricity supply.
Poor access to affordable and clean energy leads to high
maternal and childmorbidity andmortality in rural areas and
negatively affects recruitment and retention of qualified staff
in health facilities. Households in rural areas also spendmore
money seeking skilled maternal and newborn care [110]. Poor
access to health access arising from poor energy provision
negatively impacts on the life expectancy.

4.4. Energy Poverty and Literacy Levels. Energy poverty
influences literacy levels. Cleaner and affordable energy
leads to better provision of clean water, sanitation, lighting,
and energy for cooking in boarding schools [111]. Rural
electrification also entices qualified teachers to these areas
due to improved quality of life associated with electricity
access [112, 113]. Electricity allows digitization of learning
through use of electronic equipment, e.g., computers and
overhead projectors for learning [114–116]. Access to modern
fuels also reduces time spent looking for fuel wood; hence
rural children have more time available for learning [117].

Children in electrified homes attain higher education
levels than those without electricity and improved study time
at home results in better grades at school [118]. In Kirinyaga,
areas with higher electrification rates, e.g., Kirinyaga Central
Constituency, have more residents with higher education
level thanMweaConstituency, which has lower electrification
rates [119]. Hence access to modern energy sources improves
literacy levels. A study conducted in Nicaragua showed a
positive and significant relationship between a home having
electricity and all the children completing primary school
[120] and in Philippines, a similar study showed a correla-
tion between energy access and education [81]. Education
empowers individuals to get well-paying jobs, thus enhancing
their consumption power which can translate to higher living
standards.

5. Policy Implications of Energy Poverty

Based on the impacts of energy poverty on living standards
described in this paper, it is imperative that steps are taken
to mitigate against them. Kenya is a low income country
and the government has a responsibility to raise the living
standards of its people especially in the rural areas. Some of
the suggested policy options include the following:

(i) Promotion of renewable energy technologies, e.g.,
biogas to replace fuel wood through government
subsidies.
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(ii) Lowering the cost of installing and consumption of
electricity to make it affordable to all people.

(iii) Diversifying the energy mix to reduce dependence
on hydropower and fossil fuels and hence enable
reduction of electricity prices.

(iv) Educating people on the negative impacts of smoke
from fuel wood.

(v) Promoting use of energy efficient cooking stoves and
hence reducing indoor pollution.

(vi) Subsidizing the cost of LPG to make it affordable to
poor rural populations.

6. Conclusions

Kirinyaga residents are facing energy poverty as manifested
in reliance on traditional fuels by households, educational
institutions, and agroprocessing industries, coupled with low
access to electricity. Energy access directly or indirectly
influences availability and consumption of goods and services
and hence affects peoples’ standard of living. Low energy
access thus lowers people’s living standards. The low access
to electricity has led reliance on traditional fuels. Use of
solid fuels leads to indoor air pollution which is associated
with premature death caused by respiratory and heart ail-
ments. Fuel wood scarcity and associated high cost have
affected the dietary patterns of Kirinyaga residents through
switching from their traditional foods that take long time
to cook, to foods that demand less fuel, thus impacting on
calorific intake. Some residents have resorted to street foods
exposing themselves to health risks associated with street
food. Diseases resulting from consumption of street food can
lower living standards if household income is largely diverted
to health issues. Regions with higher electrification rates
have more residents with higher educational levels and life
expectancy. Electricity access improves school completion
rates, thus enabling the residents get well-paying jobs which
in turn improves their purchasing power eventually raising
living standards. Electricity access improves provision of
health care and reduces maternal and child morbidity and
mortality, thus raising the life expectancy. Access to modern
energy services therefore has a positive impact on standard of
living.
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