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Abstract. Energy security, environmental degradation, and climate change have become
global topics of discussion. In response to these issues, the federal government of Nigeria
has developed the National Renewable Energy and Energy Efficiency Policy (NREEEP).
In this policy document, some programs were outlined for the Nigerian household sector.
A major initiative in the household energy policies is to incorporate energy efficient
appliances in all households by 2030. Here, we use the Long-range Energy Alternatives
Planning Systems modelling framework to analyse the effect of these policies on final energy
demand and CO; emissions. The paper also goes ahead to look at the knock-on effects if
the policies are sustained up to mid-century. Two scenarios are developed; the reference
(REF) scenario and the energy policy (EPO) scenario. Results show that final energy
demand of the Nigerian residential sector will increase from around 826 PJ in 2010 to 1580
PJ in 2030 and will further increase to 3011 PJ by 2050 in the REF scenario. In the same
scenario, CO; emissions increased from 6.1 MtCOsze in 2010 to around 15.4 and 37.2
MtCOze in 2030 and 2050 respectively. Our analysis suggests that if the household energy
policies are fully implemented in the EPO scenatio, about 61% and 58% reduction in energy
demand is achievable by 2030 and 2050 respectively when compared to the REF scenario.
The study further indicates that the direct total CO2 emissions in the EPO scenario will
increase by around 170% and 124% by 2030 and 2050 respectively, when compared with
the REF case. Our findings indicate that the current household energy policies are not
effective from the perspective of climate change mitigation. Hence, complementary policies
are recommended.
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1. Introduction

The 5% assessment report of the Intergovernmental Panel on Climate change (IPCC) established the impact
of anthropogenic activities on the climate. The report indicated that anthropogenic greenhouse gas (GHG)
emissions have increased since the pre-industrial era which has been driven mainly by population and
economic growth. This has led to higher concentrations of carbon dioxide, nitrous oxide, and methane in the
atmosphere [1]. The impact of climate change is felt by everyone and is seen in the melting of the polar ice
caps and the rising of the sea levels. Most GHG emissions arise from energy-related activities such as
combustion of fossil fuels for electricity generation, transportation, and other economic activities. This has
become the reason why energy production and consumption pattern has been given special attention in
tackling climate change. To reduce GHG emissions and thus combat climate change, the use of renewable
energy technologies is required [2]—[4].

Climate change has had severe impacts in Nigeria in the past decade. For examples; the Post Disaster
Need Assessment (PDNA) report following the 2012 flood in Nigeria showed that the total worth of the
damage amounted to USD 17 billion which was about 1.4% of the real GDP in that year [5]. The drying up
of Lake Chad from around 45000 km? in 1960 to below 3000 km? in 2007 is mainly because of the increasing
adverse effects of climate change in that region. Also, hydro-electric power generation has been highly
impacted on negatively from low water inflow into the dams and water transportation is also getting difficult
[6]. Considering these severe problems, climate change poses a daunting threat to the achievement of Nigeria
socio-economic development goals.

Nigeria is a signatory to the United Nations Framework Convention on Climate Change (UNFCCC),
Kyoto protocol, and Paris Accord. It has also been actively participating in the global action to mitigate
climate change. The federal government of Nigeria has developed the National Renewable Energy and
Energy Efficiency Policy (NREEEP) with the objective of providing energy security as well as mitigating
climate change. The policy document outlined robust programs that include large-scale deployment of
renewable energy technologies and the use of energy efficient technologies in the agriculture, commercial,
transport, industry and residential/household sectors of Nigetia [7]. The policies for the household sector
states that the Nation shall encourage the use of energy-efficient and environmentally safe technologies in
the household and provision of access to clean and modern fuels by 2030. The document also laid down the
short, medium and long terms strategies for achieving these policies [7].

The household sector is therefore, not left out in the efforts towards combating climate change as this
sector also contributes to national GHG inventory. Most of the household energy-related activities like
lighting and cooking produce GHGs [8]. Furthermore, the use of fossil fuel-based generators as backup for
the unstable power supply in the residential sector accounts for high GHGs emissions. It has been estimated
that a 5 kW diesel generator can produce twice the emissions of a coal power plant which is usually regarded
as the main cause of environmental pollution and produces about 1000 gCO,/kWh [9], [10].

Carbon dioxide (CO) has been identified as the most prominent GHG which is produced by
anthropogenic activities and accounts for about 60% of the increase in climate forcing since the pre-industrial
era. It is estimated that about 1440 billion tonnes of COz have been released into the atmosphere between
1751 — 2013 [11]. COz is not harmful to plants but dangerous to the climate with respect to human survival.
The increase of CO; in the atmosphere warms the lower atmosphere and cools the upper atmosphere and
this result to increase in the global surface temperature. CO; stays for a very long time in the atmosphere
compared to other GHGs. Methane (CH4) emissions take about 10 years to leave the atmosphere and possibly
converts into COz while Nitrous oxide (N20) takes about 100 years to leave the atmosphere. However, for
COz2, most of the emissions will leave the atmosphere before 100 years but a fraction of 20% will remain and
still exist in the atmosphere for over 700 years from the time of emission. This implies that our unborn
generations will suffer the consequences of our actions today if serious efforts are not taken towards reducing
COz emissions [12].

Energy system models are used to describe and explore the futures of the energy system of a sector or
region. They are used to inform policy makers about the effectiveness and implications of various energy and
climate policies. Generally, two types of energy system models are used to analyse energy demand and GHG
emissions, namely: bottom-up engineering models and top-down macroeconomic models [13].

The bottom-up models use an engineering approach to allow a detailed representation of technologies using
different data but differ much in addressing energy consumption. They are further categorised as (i)
optimisation models (ii) simulation/accounting framework models and (iii) multi-agent models [14], [15].
The optimisation models are used to find the optimal/least cost choice of technologies to achieve a specific
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objective given certain constraints [16]. Examples are MARKAL/TIMES and MESSAGE. The simulation
models which are often described as the accounting framework type of models are used to simulate energy
demand based on various energy demand drivers like population and GDP and does not attempt to minimise
cost. Examples are LEAP and MAED [15]. The multi-agent models describe market imperfections like
strategic behavior and other non-economic parameters.

On the other hand, the top-down models describe the energy system as a whole in aggregate relationship
or on a national level. They normally consider energy demand through economic variables like GNP, prices
elasticities, exports and imports [17]. They are further categorised as follows: (i) input-output models (ii)
econometric models (iii) general equilibrium models and (iv) system dynamics model [15]. The input-output
models are used to provide a framework for describing the flow of a country's goods and services within the
various sectors of the economy. The econometric models use statistical relationships between economic
vatiables to make projections. The general equilibrium models describe the equilibrium of market optimum
prices and quantities [15]. The system dynamics models are used to describe the interaction in social systems
as a result of interdependencies while taking account of the dynamic changes over a period of time [18].

Over the years, there have been several studies on households using some of these models. Kannan and
Strachan [19] modelled the UK household energy sector with the UK-MARKAL and UK residential housing
stock models. The study was done in relation to the 60% reduction of CO2 emissions by 2050 as proposed
by the UK government. Utsav and Amrit [20] combined the MAED and MARKAL models to study the
energy usage pattern of the household sector of Kathmandu valley, Nepal. The base year demand was
projected with the MAED model while the scenarios were developed with the MARKAL model. Ejigu [21]
conducted a study on the energy consumption pattern of households in Bahir dar city, Ethiopia using the
LEAP model. The study consisted of about 350 households which were selected by random sampling. The
study was based on two scenarios; the business as usual and mitigation scenarios. In Nigeria, Ibitoye [22] used
the LEAP model to study Nigeria energy requirements in view of achieving the Millennium Development
Goals (MDG). The author established two scenatios; the Reference scenario and the MDG scenario and
compared energy estimates for the period 2005 — 2020. The result of the study showed that houschold
electricity energy demand will rise by 41% and the use of commercial fuels will double over the period of
study. Though several other studies on Nigeria houscholds are available in literature [23]—[31]; there have
been no detailed academic analysis of the current households’ renewable energy and energy efficiency policies.

Here we examine the impact of Nigeria houschold energy policies on energy consumption and CO»
emissions. We use the Long-range Energy Alternatives Planning System (LEAP) modelling framework to
project Nigeria’s household energy demand and corresponding CO» emissions for the period 2010 — 2050.
Scenarios are developed to analyse the energy savings as well as the CO2 emissions reduction potentials of
each household energy service sectors.

The remainder of this paper is structured as follows. Section 2 discusses the specific features of the
Nigerian household sector. Section 3 explains the research methodology and assumptions used in the study
which encompasses the LEAP model structure, input data and scenarios development. Section 4 presents the
results and analysis while the conclusions of the study are stated in section 5.

2. Nigeria Household Sector Characteristics

In this section, we review the current energy scenario of Nigeria in order to understand the basis and approach
for our energy demand projections. Total household energy consumption in Nigeria has gradually been
increasing in the last decade. Between 2006 and 2015, Nigeria’s household energy sector demand increased
by around 30% [32]. This energy is usually consumed in the form of kerosene, liquefied petroleum gas (LPG),
electricity, and biomass [7]. In 2015, the Nigeria household sector energy demand stood at 97661 ktoe which
was about 81% of total final energy consumption in the country [32]. The main energy service requirements
of Nigeria households are cooking, lighting, refrigeration, air conditioning, water heating and other electrical
appliances such as fans and audio-visuals.

Lighting energy requirement in Nigeria households is mainly satisfied by electricity and kerosene. The
electrified households which are concentrated in the urban areas use electricity and the non-electrified
households which are mostly found in the rural areas depend on kerosene for lighting. Other sources of
lighting like firewood, candles and dry cell battery torches are also used most especially in the rural areas.
However, the urban dwellers sometimes resort to kerosene lantern and dry cell battery torch during blackouts
which is very common in the country [33]. The technologies employed for electric lighting are the inefficient
incandescent bulbs and the efficient fluorescent lamps (CFLs) and light-emitting diode (LED) bulbs.
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Air conditioning and refrigeration services are mainly localised in the urban areas. The energy requirement
is completely satisfied by electricity. Most of the air conditioners and refrigerators in use are the inefficient
types and they are very old. The commonly used air conditioning technology is the window unit, though the
split unit type is gradually penetrating into the household sector. For refrigeration, the commonest technology
in use is the fridge (combined with freezer). However, with the increasing urbanisation and increase in
demand for comfort, the use of air conditioners and refrigerators will increase significantly in the future.

Cooking is the most energy intensive activity in Nigeria households. Cooking activities consume about
80% of total household energy consumption and biomass (firewood, charcoal, animal dung etc.) makes up
about 90% of cooking fuel. The continual reliance on biomass has led to the clearing of many forests in the
country and this contributes to climate change. Also, the pollution resulting from burning of biomass for
cooking leads to respiratory diseases and has been responsible for about 79000 deaths annually in Nigeria
[34]. Other cooking fuels in Nigeria household sector include kerosene and LPG. The use of LPG is quite
marginal and can mostly be found in urban dwellings [35], [36]. This can be attributed to the price differential
between the different cooking fuels, awareness, cultural preferences and the availability of the fuel. For
example, most of the rural dwellers find it very easy to collect firewood for cooking since it is readily available
at no cost. However, this won’t be the case with kerosene and LPG which are expensive to purchase and
sometimes not even available at vendors [35]. The technologies employed in cooking are usually the
inefficient traditional three-stone stove system for burning fuelwood, kerosene, and LPG stoves.

Water heating is another energy service that consumes a significant amount of energy in the Nigeria
household sector. Hot water is used for bathing and making of tea and other beverages which are usually
served hot. However, the demand for hot water for bathing varies with the season. Nigeria has a tropical
equatorial climate which is hot for most period of the year. Hence only a few people; most especially those
in the urban areas use hot water for bathing. The technology commonly used for water heating in Nigeria
households is the electric kettle which is concentrated in the electrified urban areas. Water heaters (geysers)
are also used for water heating but can only be found in few homes in the urban areas as most homes were
built without them. Many rural dwellers and non-electrified urban dwellers satisfy their hot water needs with
the same technologies for cooking [23].

Other residential appliances such as ceiling fan, radio, and television consume significant amount of
energy and account for about 60% of electricity use in households. These electrical appliances are usually
owned by the electrified households. Ownership also depends on income as this can be observed in the
urban-rural ownership dichotomy in the country. The current electrical appliances in use are mainly the
inefficient types [37].

3. Methodology and Assumptions

In this paper, the LEAP modelling tool is applied to project Nigeria household energy demand and the
associated COz emissions from 2010 - 2050. Energy modelling and scenario analysis are the commonest
methods for energy policy analysis. Energy models are used to explore the future and the implications of
energy policies in a quantitative approach. The results of the models are used to inform policy makers of the
implications and effectiveness of various policies.

3.1. The LEAP Model Structure

LEAP is a scenario-based energy-economy-environment modelling tool developed by the Stockholm
Environment Institute, Boston with financial support from the World Bank and United Nations
Environment Program (UNEP). The LEAP model simulates energy scenarios with several modules and it’s
user-friendly and transparent. It uses an accounting framework to systematically analyse national energy
systems by tracking energy consumption up to resource extraction. Working on the LEAP model consist of
four modules; the assumptions, demand, transformation, and energy production modules. The data in LEAP
are arranged in a hierarchical or tree format based on the sector level, sub-sector level, end uses and
technologies. With respect to the demand side, LEAP endogenously calculates the energy demand as the
product of the activity level and energy intensities for all end uses [38]. LEAP can analyse energy demand in
four ways: final energy demand, useful energy demand, stock and transport analysis. The particular approach
to use depends on the modeller, the research problem, and the available data. Energy demand in LEAP can
be obtained from Eq. (1) — (4).
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Final Energy Analysis,E = Y-, 0Q; X [; )
whete E= energy demand; Q;= activity level and I;= energy intensity
Useful Energy Analysis,E = Q X (%) 2)
where u = useful energy intensity and n= efficiency
Stock Analysis,E =S XD 3)

where S= Stock and D= device intensity

Transport Analysis,E = S X ;l—E )

whete M= Vehicles miles and FE= Fuel economy

GHG emissions are computed in LEAP as per equation 5.
G=XYE XEf 5)

whete G represents the total GHG emission, E energy demand by a given fuel and Ef the emission factor
of the fuel.

LEAP also consist of a Technology and Environmental Database (TED) which provides information
regarding the cost and environmental impacts of a portfolio of technologies available worldwide. This is
possible because the LEAP model is equipped with the IPCC Tier 1 GHG emission factors! (Global
Warming Potentials from the IPCC assessment reports) and also air pollutants emission factors. The TED
also include qualitative data in addition to the quantitative data that provides information on the
appropriateness and major environmental concerns of a group of technologies. However, the TED does not
encompass electricity emission factor for household demand because the emission factors of TED is for
emissions at the point of release and as such, it doesn’t include emissions from the upstream that occur during
electricity generation [38]. For a detailed documentation of the LEAP model, see user guide [38].

For quantifying Nigeria household energy demand, the Nigeria household sector is disaggregated into
urban and rural households. This is to show the common characteristics of urban-rural divide which is very
common in developing countries like Nigeria. The energy consumption pattern of urban and rural dwellers
varies considerably in Nigeria. Most urban dwellers are engaged in the industrial and services sectors and
usually consume much of electrical energy in meeting domestic energy services such as refrigeration and air
conditioning while most of the rural dwellers are engaged in agricultural activities and usually possess few
electrical energy consuming devices [35]. The urban and rural lighting service demands are further
disageregated into electricity and kerosene lighting. This is to show further differences in the energy
consumption pattern of electrified and non-electrified households. Figure 1 shows the disaggregation of
Nigeria household sector.

! https:/ /www.ipcc-nggip.iges.or.jp/ EFDB/main.php
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Fig. 1. Tree structure of Nigeria household LEAP model.

3.2. Input Data and Energy Demand Drivers
3.2.1. Input data

The current and future estimates of the total population and urbanisation level of Nigeria was taken from the
United Nations 2015 medium variant revision of world population prospects [39]. The annual households’
population growth rate was estimated from the Nigeria 1991 and 2006 population censuses [40], [41]. The
houschold characteristics were taken from the following sources: Living Standard Measurement Surveys
published by the Nigeria Bureau of Statistics [33], [42], Renaissance capital survey of Nigeria middle class [43]
and the report of the end-use metering campaign of residential houses in Nigeria which has been published
by the Energy Commission of Nigeria (ECN) in collaboration with the Federal Ministry of Environment
(FMENY), United Nations Development Program (UNDP) and the Global Environment Facility (GEF)
[37]. The annual growth rate of household appliances ownership has been estimated from the 2003 Nigetia
demographic and health survey conducted by the Nigeria Population Commission (NPC) [44] and the Nigeria
Energy Calculator (NECAL) 2050 report [45].
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3.2.2. Drivers of energy demand

Number of housceholds, population growth rate and level of urbanisation are very pertinent for household
energy demand analysis. Here, these parameters have been used as the driving factors of Nigeria household
energy demand. As population and urbanisation increases, it is expected that the demand for energy services
will also increase and vice versa. In reality, other factors like income, cultural preferences, and energy prices
may affect energy demand but, we didn’t consider them in this paper.

The population of Nigeria in 2010 was around 160 million and it has been estimated to grow at a rate of 2.6%
and gradually decline to a rate of 2.3% by 2030 and 1.8% by 2050 corresponding to a population of
approximately 400 million persons by 2050. Urbanisation in 2010 was 43.6%. It has been projected to increase
up to 60.6% by 2030 and 74% by 2050. The total number of households in 1991 and 2006 was 16,448,944
and 28197085 respectively and we have projected it to continue growing at an annual rate of 3.6% to around
122 million by 2050. The future projections of population and number of households are presented in Figs.
2 and 3 respectively.
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140 -
120
100

80

60

million households

40

20

2010 2020 2030 2040 2050

Fig. 3. Nigeria number of households’ projection.
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3.3. Scenarios Development

Scenario analysis is used in this study to explore the energy demand and GHG mitigation potentials of Nigeria
houschold energy policies. In doing the same, two scenarios are developed, namely: Reference (REF) scenatio
and Energy Policy (EPO) scenario.

3.3.1. Reference (REF) scenario

Energy services information used in creating the REF scenario are described as follows:

Cooking: Useful energy analysis is done for the cooking sector. This is achieved in LEAP by providing the
useful energy intensity of cooking and the efficiencies of the cooking technologies. In 2010, the activity levels
of cooking fuels in the urban households were 51.7% kerosene, 2.1% gas, 0.8% electricity, and 45.5%
fuelwood. In the same year, 7.9% of the rural dwellers depend on kerosene; 0.4% gas; 0.2% electricity, and
91.5% depend on fuelwood for cooking. The useful energy intensity for cooking in Nigeria is given as 800
M]/capita/year as in [35]. However, this value is being multiplied by 5.5 and 6.0 which ate the average sizes
for urban and rural households respectively and thus, the useful energy intensity used in this study is estimated
at 4400 MJ /household/year and 4800 MJ/household/year for the urban and rural households respectively.
The efficiencies of the cooking technologies are given as 95%, 60%, 55% and 18% for electric stove, gas
stove, kerosene stove and traditional three-stone stove respectively [30].

Lighting: lighting demand is satisfied by electricity in the electrified households and kerosene in the non-
electrified households. However, other sources of lighting like wood, grass, candle and dry cell batteries are
also used for lighting most especially in the rural areas. In this study, we consider these other sources of
lighting as part of kerosene lighting. In 2010, electricity access rate in Nigeria was at an average of 55.9%.
The urban and rural households had access rates of 87.1% and 35.5% respectively. With respect to lighting
technologies, 41% of urban households make use of incandescent bulbs, 58% use CFLs, and only 1% use
LED bulbs while we assume that 80% of the rural dwellers use incandescent bulbs and the remaining 20%
use CFLs. The average annual household lighting energy intensity is 454 kWh/household of electricity [37].
Using incandescent bulb as a base (100% efficiency), we estimated the efficiencies of CFL and LED as five
and ten times higher respectively relative to the incandescent bulb. Also, for the non-electrified households,
we assume that kerosene lanterns are the only means of lighting. Since most of the lighting is done in the
night between 3 — 7 hours daily and based on local experts’ opinions, we assume that only 10% of the total
annual household kerosene consumption is used for lighting. The kerosene consumption per household in
2010 has been estimated at 81 liters [32]. Using this value, the energy intensity of kerosene for lighting has
been estimated at 281 kJ /household/year.

Refrigeration: The energy demand for refrigeration service is satisfied by electricity. In 2010, 42% of the urban
dwellers and 8.3% of rural dwellers had refrigerators. The annual growth rate of refrigerator ownership in the
urban and rural households is estimated at 2.2% and 0.7% respectively. The energy intensity of refrigerator
(fridge) is given as 496 kWh/household/year [37].

Alir conditioning: Air conditioner requires energy in the form of electricity. In 2010, 4.4% of the urban dwellers
and 0.9% of rural dwellers had air conditioners. It has been estimated that by 2050, 75% and 15% of urban
and rural households respectively will own air conditioner. The energy intensity of air conditioners is given

as 828 kWh/household/year [37].

Water Heating: Water heating requirement is mainly satisfied by electricity. The commonest technologies in
use for water heating are the electric kettle and electric heater (geysers). Electric kettles/heaters in Nigetia
households are rated 2 kW on average and are used daily for an average time of 30 minutes [46]. For annual
energy intensity, it has been estimated at 365 kWh/household/year. An average of 62% of urban households
own electric heater and kettle [23], while we estimated an average of 18% ownership in the rural areas.
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Other electrical appliances (fan, TV, and iron): These appliances mainly require energy in the form of electricity for
operation. In 2010, an average of 67% of the urban dwellers and 25% of rural dwellers own these appliances.
The annual growth rate of these other electrical appliances ownership in the urban and rural households is
estimated at 1.2% and 1.5% respectively. The energy intensity of audio-visual (TV, DVD player, and radio)
is given as 122 kWh/household/year [37]. However, with the inclusion of other appliances, an energy
intensity of 250 kWh/household/year has been assumed in this study.

The REF scenario is developed under the assumption that the number of households and other energy
demand driving parameters will continue to grow in the current trend as highlighted in section 3.2.2. It is also
assumed that technologies and energy efficiency pattern will remain in the status quo without any policy
intervention.

3.3.2. Energy policy (EPO) scenario

The NREEEP declared the nation's intent to increase energy security, improve energy access especially in
the rural areas, create employment and the protection of the environment. The demand side of the energy
sector has been identified for potentials of energy saving through energy efficiency, renewable energy
technologies, and energy conservation measures [7].

With respect to the household sector, the NREEEP states that the nation shall encourage the use of
renewable energy technologies and energy-efficient appliances for cooking, heating, air conditioning, lighting
etc. The main program of the household energy policies is to introduce energy efficiency standards and state
of the art technologies for households. The strategies identified in achieving these policies are grouped into
short, medium, and long terms and can be summarised as follows:

Short term (2015)
e  Encouraging the use of energy efficient stoves and renewable energy technologies such as solar water
heaters.
e Introduction of labelling for household appliances.
e Promoting the uses of LED and CFL bulbs and phasing-out of incandescent bulbs
Medium term (2020)
e Consolidation of short term strategies.
e Addition of energy efficiency standards to the National building code.
e Introduction of smart meters in all households by 2025.
Long term (2030)
e Consolidation of medium term strategies.
e 100% access to clean energy and use of LPG for cooking in all households by 2030.
e 40% reduction of energy intensities by 2030.

Given this background, this scenatio is developed on the premise that everything stated in the NREEEP for
households will be achieved by 2030 while the energy demand drivers will continue in the same trend as in
the REF scenario. Energy services information modelled in this scenario are described as follows:

Cooking: Energy efficiency in cooking can be achieved by replacing the poor domestic cookstoves with
improved ones just as in the NREEEP. We therefore, assume that the energy intensity for cooking will reduce
by 10% in 2020 and 40% by 2030 in both urban and rural households. We also assume that by 2030, all
households will switch to LPG as the only source of cooking fuel. The interpolation function of LEAP is
used in this regard for both urban and rural households.

Lighting: 1t is expected that all households will be electrified by 2030 and as such, electricity will become the
only sources of lighting. Energy efficiency in household lighting system can be achieved by replacing energy
inefficient lamps with efficient ones. We assume that the Nigerian government and other stakeholders in the
Nigeria energy sector begin to encourage the use of energy-saving lamps and demand side management (DSM)
techniques and by 2015, both urban and rural households will gradually start replacing incandescent bulbs
with energy efficient bulbs. Thus, we assume that the use of incandescent bulbs will end by 2025 and 2030 in
the urban and rural households respectively. Also, we assume that the government will sustain efforts in
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encouraging best energy efficiency practices and by 2025 the share of CFLs and LEDs will be 75%, and 25%
respectively in urban households and the same in rural households by 2030. In this scenario, we further
assume that electrification rate in the urban households of the country will hit 100% by 2025. For the rural
households, we assume that electricity access will reach 65% by 2020 and with much efforts by the
government through rural electrification projects, it will become 100% by 2030. Hence, the use of kerosene
lantern for lighting will be totally stopped by 2030.

Alir conditioning, refrigeration, and other electrical appliances: The electricity use of air conditioners and refrigerators
are rapidly increasing as the technologies are getting old and thus becoming more inefficient. Here we assume
that government will keep raising awareness on the benefits of energy efficiency and introduction of labelling
for residential energy appliances. We also assume that government will set up and begin to implement
Minimum Energy Performance Standards (MEPS) and thus, both producers and consumers begin to shift
towards energy efficient appliances. We therefore, assume that with the introduction of more energy-efficient

air conditioners, refrigerators and other electrical appliances, energy intensities of these appliances will reduce
by 10% in 2020 and 40% in 2030.

Water heating: Here we assume that the government begins to provide incentives such as a subsidy for
renewable energy technologies. Therefore, households will gradually start installing solar water heaters to
conserve energy and in turn reduce energy demand from central utility and by 2030, the use of electricity for
heating in all households will reduce by 10%. The interpolation function of LEAP is being used in this regard
for both rural and urban households.

4. Results and Analysis

4.1. Energy Demand
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Fig. 4. Total final energy demand projection in the two scenarios.

From Fig. 4, energy demand is expected to increase steadily under the two scenarios up to 2050. Results
indicate that total final energy demand in the REF scenario will increase at an annual rate of 3.47% from 826
PJ (Petajoule) in the base year to 1580 PJ in 2030 and will further increase by 2050 to 3011 PJ, which is about
two and four times increases respectively compared to the base year. Analysis also showed that for urban
households, energy demand will increase from 284 PJ in 2010 to 778 PJ in 2030 which is roughly 200%
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increase while in the rural households’ energy demand will increase from 542 PJ to 802 PJ in 2030 which
represents about 48% increase. The result suggests that 49% and 66% of the total final energy demand by
2030 and 2050 respectively will come from the urban households. This is can be attributed to the expected
increase in urbanisation by 2030 and 2050 as more people move from the rural areas to the urban areas and
this will, in turn, increase the energy demand of the urban households. Detailed energy demand projections
under the REF scenario are shown in Table 1.

Figure 4 also shows the total final energy demand in the EPO scenario. The results show that total final
energy demand will decrease at an annual rate of 1.41%, from 826 PJ in the base year to 622 PJ by 2030 which
corresponds to a decrease of 24.7%. However, it will further increase to 1258 PJ (52.3%) in 2050 compared
to the base year. The increase in energy demand after 2030 is due to the fact that though the current policies
are in place, other energy demand drivers like the number of households will continue to increase even
beyond 2030. Consequently, the demand for energy will continue to rise. It is therefore important to promote
other policies that can reduce energy demand even after 2030. This result will be important for energy policy
decisions beyond 2030.

Table 1. Breakdown of energy demand projection under REF scenario (PJ).

Branch 2010 2020 2030 2040 2050
Utrban total 284.1 475.4 777.8 1,251.4 1,986.8
Cooking 248.8 416.4 681.3 1,096.2 1,740.3
lighting 12.1 20.3 33.1 53.3 84.6
Refrigeration 2.6 4.4 7.2 11.6 18.4
Air conditioning 0.1 0.2 0.3 0.4 0.7
Water heating 14.8 24.8 40.6 65.4 103.8
Others electric 5.6 9.3 15.3 24.6 39.1
Rural total 542.0 667.6 802.2 930.9 1,024.3
Cooking 524.4 646.0 776.2 900.7 991.1
lighting 10.2 12.5 15.1 17.5 19.2
Refrigeration 0.3 0.3 0.4 0.4 0.5
Air conditioning 0.0 0.0 0.0 0.0 0.0
Water heating 5.5 6.8 8.1 9.4 10.4
Others electric 1.7 2.0 2.5 2.9 3.1
Grand total 826.1 1,143.0 1,580.1 2,182.3 3,011.1

With respect to energy demand reduction, Fig. 5 shows that total final energy consumption will drop
considerably in the EPO scenatio. The result suggests a reduction of 958 PJ in total final energy demand by
2030 which represents approximately 61% reduction when compared to the REF scenario. Analysis also
indicate that about 56.6% of energy savings will come from rural households in 2030, as they all gradually
move away from the use of traditional biomass to modern fuels for their energy services. If the energy
efficiency policies are further maintained up to 2050, about 58% or 1753 PJ could be saved compared to the
REF scenario. We also observed that energy savings in 2050 will be more in the urban areas accounting for
around 60.5% of the total energy savings which is because of urbanisation. From the energy service demands,
it may be noted that most of the energy saved in the EPO scenario by 2030 and 2050 are coming from the
cooking sub-sector in both urban and rural households as a result of gradual shift from inefficient traditional
three-stone stove system to efficient LPG stoves. This result further validates the fact that cooking is the
most energy intensive activity in the Nigeria household sub-sector and greater efforts towards reducing energy
demand should be focussed on the energy intensity of cooking. Table 2 shows the detailed energy demand
reduction in the EPO scenario.
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Fig. 5. Comparing total final energy demand reduction.

Table 2. Decomposition of energy demand reduction in EPO scenario compared with the REF scenario

)2
Branch 2010 2020 2030 2040 2050
Utban total - -129.8 -415.5 -068.4 -1,061.2
Cooking - -109.2 -357.4 -575.0 -912.9
lighting - -7.9 -20.5 -33.0 -52.4
Refrigeration - -0.9 -2.9 -4.6 -7.3
Air conditioning - -0.0 -0.1 -0.2 -0.3
Water heating - -9.9 -28.4 -45.8 -72.6
Others electric - -1.9 -6.1 -9.8 -15.6
Rural total - -221.4 -542.2 -629.1 -692.3
Cooking - -220.2 -529.1 -614.0 -675.6
lighting - 1.9 6.2 7.2 7.9
Refrigeration - -0.1 -0.2 -0.2 -0.2
Air conditioning - -0.0 -0.0 -0.0 -0.0
Water heating - -2.7 -5.7 -0.6 -7.3
Others electric - -0.4 -1.0 -1.1 -1.3
Grand total - -351.3 -957.6 -1,297.5 -1,753.4

4.2. Fuels Consumption

Ratio of fuels consumption for the two scenarios are shown in Fig. 6. In the REF scenario, biomass energy
will continue to dominate the Nigeria household sector with shares of 78.7% by 2030 and 73.5% by 2050.
This is followed by kerosene, electricity and LPG with shares of 12.9%, 7.9% and 0.5% respectively by 2030.
However, by 2050, the share of kerosene will be 16.4%, electricity 9.4% and LPG 0.7%. In the EPO scenatio,
energy efficient appliances are introduced and the consumption of biomass and kerosene which are mainly
for cooking will stop by 2030. LPG is seen to be the most consumed fuel by 2030 and 2050 with shares of
about 91.7% and 90.8% respectively. Talking about reduction in fuel use, electricity consumption will
decrease by 58.7% in 2030 and 59.6% in 2050 when compared with the REF scenario. The reductions in
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electricity consumption is due to the use of less energy intensive appliances. However, the consumption of
LPG will increase by around 73 and 61 times by 2030 and 2050 respectively relative to the REF scenario.
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Fig. 6. Fuels demand by ratio under the two scenarios.

4.3. CO; Emissions
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Fig. 7. Total CO; emissions projection in the two scenatios.

Figure 7 shows the results of the REF scenario and it indicates that CO; emissions will increase at an annual
rate of 4.71% from 6.1 MtCOze (million tonnes of COzequivalent) in the base year to 15.4 MtCO:ze by 2030
which represents a 153% increase. Urban households accounted for a share of 90% to the final CO» emissions
by 2030 while the rural households account for 10%. By 2050, CO. emissions is seen to increase by around
five times compared to the base year. Since energy consumption in Nigeria is linked to CO. emissions [47],
the high and low increases in CO» emissions in the urban and rural areas respectively can be attributed to the
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increase in urbanisation and thus the demand for energy setvices gradually increases in the urban areas and
gradually drops in the rural areas. Also, this can be attributed to the fact that LEAP doesn’t calculate biogenic
CO; emissions such as emissions from fuelwood in which many Nigerian rural households depend upon for
their energy services. LEAP considers biogenic CO» emitters as net zero emitters. However, there is a caveat
here as we are not certain about the sustainability of biomass consumption in Nigeria. Therefore, further
study will be required in this context. The detailed CO2 emissions projections for the REF scenario are
presented in Table 3. Figure 7 also shows the results of the EPO scenario and it indicates that CO; emissions
will gradually increase at an annual rate of 7.30%, from 6.1 MtCOze in the base year to 41.6 MtCOse by 2030
which represents about seven times increase with respect to the base year. Urban households accounts for
over 50% of the final CO; emissions in 2030 and 2050 respectively.

Table 3. Breakdown of CO; emissions projections in the REF scenario (MtCOxe).

Branch 2010 2020 2030 2040 2050
Urban total 5.0 8.4 13.8 22.1 35.1
Cooking 5.0 8.4 13.8 22.1 35.1
Gas 0.2 0.3 0.5 0.8 1.3
Kerosene 4.8 8.1 13.3 21.3 33.9
Lighting® 0.0 0.0 0.0 0.0 0.0
Kerosene 0.0 0.0 0.0 0.0 0.0
Rural total 1.1 1.3 1.6 1.9 2.1
Cooking 1.1 1.3 1.6 1.9 2.1
Gas 0.0 0.1 0.1 0.1 0.1
Kerosene 1.0 1.3 1.5 1.8 2.0
Lighting 0.0 0.0 0.0 0.0 0.0
Kerosene 0.0 0.0 0.0 0.0 0.0
Grand total 6.1 9.7 15.4 24.0 37.2

2CO; emissions reductions from kerosene lighting couldn’t be accommodated in the table because it’s so
small with respect to the unit (MtCOxze).

It may be noted that CO» emissions from electricity lighting and electrical appliances were not accounted
for in Table 3. This is because, LEAP only calculates emissions from the point/source of production; in this
case, the electricity generation plants of Nigeria. Thus, if emissions from source of generation were accounted
for in this paper, it is expected that the total CO2 emissions from the household sector will increase
significantly above the current values presented in Table 3 owing to the fact that Nigeria electricity supply
system is dominated by fossil fuel (85% natural gas) [48].

Figure 8 presents the comparison of the results of the EPO scenario to the REF scenario and it indicates
that final CO; emissions will increase in the EPO scenario by 26.3 MtCOse in 2030 which is about 170%
compared to the REF scenatio. In the same year, larger percentage (62.4%) of the increase in CO2 emissions
in the EPO scenatio is obsetved to come from the rural households. This is because, by 2030, over 90% of
the rural households that depend on traditional solid biomass for cooking will now be using LPG and this
will, in turn, increase CO» emissions. The knock-on effect suggests that by 2050, total CO2 emissions will
increase by 46.1 MtCOze which represents approximately 124% increase compared to the REF scenario. This
result suggests that the Nigeria energy efficiency policy for the household sector is not effective in terms of
CO2 emissions mitigation. Hence, better policies should be developed in order to meet up with the household
sector energy demands as well as limit CO2 emissions. Detailed results of the CO, emissions mitigation are
shown in Table 4.
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Fig. 8. Comparing total CO, emissions reduction.

Table 4. Decomposition of CO, emissions reduction in the EPO scenario compared to the REF scenario

(MtCO2e).

Branch 2010 2020 2030 2040 2050
Utban total - 3.0 9.9 15.9 25.2
Cooking - 3.0 9.9 15.9 25.2
Gas - 7.1 23.1 37.2 59.1
Kerosene - 4.1 -13.3 -21.3 -33.9
Lighting? - -0.0 -0.0 -0.0 -0.0
Kerosene - -0.0 -0.0 -0.0 -0.0
Rural total - 6.8 16.4 19.0 20.9
Cooking - 6.8 16.4 19.0 20.9
Gas - 7.5 17.9 20.8 22.9
Kerosene - -0.6 -1.5 -1.8 -2.0
Lighting® - -0.0 -0.0 -0.0 -0.0
Kerosene - -0.0 -0.0 -0.0 -0.0
Grand total - 9.8 26.3 34,9 46.1

bCO; emissions reductions from kerosene lighting couldn’t be accommodated in the table because it’s so
small with respect to the unit (MtCOxze).

A new energy policy (NEPO) scenario is developed in order to understand how changes in policy could
impact the total CO; emissions with respect to the EPO and REF scenarios. We consider the option of
changing the cooking equipment of all households in both urban and rural areas by 2030. We assume that by
2030 and beyond, the share of cooking technologies in the urban households will be as follows: 30% LPG,
55% electricity and 15% improved wood stove while in the rural areas it will be 30% LPG, 60% improved
wood stove and 10% electricity. We also assume that the inefficient traditional woodstoves are replaced with
the improved woodstoves having efficiencies of 45% while other variables remain at EPO scenario levels.

The result of the new scenario (Fig. 9) shows that with the introduction of new policies (NEPO scenatrio),
COz emissions will fall by 70% in both 2030 and 2050 which represents 29.1 and 58.3 MtCOze reduction
with respect to the EPO scenario. Furthermore, when compared with the REF scenatio, it was obsetrved that
COz emissions will fall by 18.8% (2.9 MtCOze) by 2030 and 32.8% (12.2 MtCOze) by 2050. Hence, we may
infer that there is the need to incorporate some new policy programs in the NREEEP from the perspective
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of GHG mitigation. Moreover, from energy demand side, our analysis suggests that final energy demand in
the NEPO scenario will reduce by around 3.3% by 2050 relative to the EPO scenario. Thus, creating a better
trade-off between final energy consumption and CO; emissions in the Nigerian household sector.
Furthermore, the biomass that will be saved in the NEPO scenario can be used to replace the fossil fuels
used in firing boilers in the Nigerian industrial sector which will in turn, further reduce the total CO; emissions
of the country.
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Fig. 9. Impact of new energy policy on CO; emissions.
5. Conclusions and Recommendations

A preliminary attempt has been undertaken in this paper towards analysing the energy demand and CO;
mitigation potentials of the Nigerian household energy policies. We disaggregated the Nigeria household
energy service demands into six, which are cooking, lighting, refrigeration, air conditioning, water heating and
other electrical appliances for both the urban and rural households. Among all these energy services, cooking
continues to remain the most energy intensive activity in the Nigeria residential sector even across the two
scenarios. Increase in electrification was also identified to have a similar effect on energy consumption. Our
analysis suggests that achieving one goal might impede the realisation of another desirable goal. Nigeria has
the potentials of saving huge amount of energy if the conventional pattern of energy usage is changed.
However, this will not have a corresponding effect on climate change mitigation most especially in the
cooking sub-sector, in the sense that moving away from the use of traditional biomass to LPG for cooking
by all households will significantly increase CO» emissions. Hence, low-carbon cooking alternatives are
required.

To keep the journey towards low-carbon development in Nigeria on the right track as related to the
household sector, it is recommended that the use of biogas from wastes, liquid biofuels, improved wood
stoves, efficient electric stoves and solar cookers for cooking should be integrated into the NREEEP. In
addition to these, we also recommend that these policies should be sustained beyond 2030 and further energy
savings and CO» mitigation policies should be introduced as new and environmentally friendly cooking
technologies are developed. However, there exist technological, financial, political and institutional challenges
with regards to deploying these low-carbon technologies in the Nigeria residential sector. Many households
especially those in the rural areas are not aware of these technologies and thus, more effort is needed in
organising awareness programs. Research and development should be accelerated in the country to develop
efficient, affordable and clean cooking fuels and technologies. Renewable energy technologies like solar
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cooker requires huge initial capital outlay thus, support in the form of financial/fiscal incentives are still
required. With respect to political and institutional frameworks, the National Assembly should back the
NREEEP with an act of parliament given the numerous potentials it can bring in the context of energy
security and low-carbon economy. This action will also provide a road map of low-carbon development for
subsequent governments. Furthermore, the executive arm of government should intensify efforts in
strengthening the Energy Commission of Nigeria (ECN) and the Federal Ministry of Environment (FMENYV)
who are in charge of energy and climate policies respectively, in order to carry out their mandates effectively.
This is because, only when policies are backed with the appropriate measures of full implementation can the
benefits of the policies be seen.

We suggest going further with this study by assessing the economic implication of the NREEEP as well
as other co-benefits it can bring such as the reduction of deaths due to indoor air pollutants. Finally, it is
worthwhile to state that our analysis has been limited due to non-availability of data which is a major problem
in Nigeria. Notwithstanding, we tried as much as possible to rely on the local data available. Data from foreign
organisations was used only where we couldn’t find local data, and we made some assumptions based on
previous experiences and local experts’ opinions. While acknowledging these limitations, we believe that our
analysis will be useful to Nigeria policy makers. They can use our results as a preliminary evidence to assess
the effectiveness of different household energy policies in order to formulate strategies to help achieve
international climate agreements, satisfy unmet energy demand as well as have insights for policy decisions
beyond 2030.
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