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Abstract

Information on actual domestic electricity use in Burkina Faso, where the urban zones
and residential sector account for 74% and 33% respectively of the total electricity use,
remains very challenging to find, as little research currently exists. This study aimed
therefore, to provide the first ever insights into the actual urban residential electricity
use. A survey with 387 households, the first large-scale, city-wide household electricity
study undertaken in Burkina Faso to the authors’ knowledge, was conducted in the city
of Ouagadougou. Information on the households' characteristics and behaviours were
collected to yield a first comprehensive analysis on the actual city-scale domestic
electricity use. Findings demonstrated an average electricity use of 2395 kWh/year by
households. Cooling accounts for almost 40% of the total domestic electricity use,
followed mainly by cooking and food preserving (23%) and information-
communication-entertainment (19%) activities. Three groups of consumers were then
formed based on their electricity use level, to investigate interactions between
electricity use and households’ lifestyles. The study’s findings lay therefore, the
foundations for a better understanding of actual urban domestic electricity use patterns
and could help to develop more suitable policies and actions targeting energy

conservation in the residential sector.

Keywords: Urban households, City-scale survey, Lifestyle and activities, Electricity

consumption, Energy behaviour, Burkina Faso.
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1. Introduction

Economic growth, global development, as well as poverty eradication are recognised
as the main challenges of most developing countries in the sub—Saharan Africa region,
and access to modern forms of energy and their services are considered prerequisites
for reaching such objectives [1-3]. In Burkina Faso, the demand for primary energy
grew at an average rate of 6.67% from 2010 to 2018, while electricity demand
increased at a higher rate of 8.36% per annum [4,5]. Such rapid growth in electricity
demand is mainly due to the progress in urbanisation, which has increased on average,
4.13% per annum since 2010 [6]. Urban zones that account for 26.35% of the
population are responsible for 74% of the total electricity use, as appliance ownership
and use is higher [6—-8]. The generation capacity is however struggling to keep up with
such a growth in demand [9]. This results in frequent power outages, especially in hot
periods, despite the recent increases in energy imports from neighbouring countries
[9]. Sustainable electricity supply is therefore a long-term challenge that the country

faces, with urbanisation expected to reach 32.5% in 2030 [10].

The residential sector, which accounts for 72% of total primary energy and 33% of total
electricity use in the country [4], is therefore, one of the most contributing sectors to
greenhouse gas emissions due to the high prevalence of fossil fuels (47%) and imports
(45%) in the country’s energy mix [4,9]. This sector is therefore, a key target for
implementation of safer and cleaner energy resources and greener energy production
methods [11,12]. Furthermore, improving consumers’ behaviours and implementing
suitable energy efficiency policies, measures and programs are also crucial for
demand reduction whilst avoiding rebound effects experienced in other countries [13—

16].



In short, effective strategies are needed to improve energy provision and use, and as
a result, the living conditions of households in Burkina Faso. However, to do so, it is
essential to have accurate data about the lifestyles and energy behaviours of
households, which are widely considered as the main aspects that effect residential

energy consumption patterns [17,18].

Residential energy consumption has been widely investigated across the world, either
at the micro (i.e. household) or macro level (i.e. national), with the studies covering
aspects like households' characteristics and lifestyles [19-22], energy source choices
[23-25], appliance ownership and use [26—30], and households’ energy behaviour
[31-34]. At national levels, research is also being conducted, for example, the
residential energy consumption survey (RECS) is conducted every 4-5 years in the
U.S.A. [35], as well as China Residential Energy Consumption Surveys (CRECS)
[36,37]. Furthermore, at a supranational scale, studies are also carried out, for
instance, the "manual for statistics on energy consumption in households" [38] a joint

effort between European Union (E.U.) member states.

However, much less is known about residential energy consumption in the global
south. African studies, in particular sub-Saharan, are limited, with only a few studies
conducted, for example, in Ghana [26,39,40], South Africa [41-43], Nigeria [44—46],
Ethiopia [47] and Niger [48]. The studies are often conducted at a city or rural zone

level, with sample sizes varying from 60 to 539 households.

In Burkina Faso, studies on residential energy consumption are almost non-existent.
Apart from studies by the national institute of statistics (INSD/BF) on living conditions
of the population [49], which gathers some data on household energy expenditure, no

other studies have been conducted. To address this research gap, this study



undertakes a residential electricity consumption survey within 387 households in the
city of Ouagadougou. To the authors' knowledge this is the first large-scale, city-wide

household electricity study undertaken in Burkina Faso.

More specifically, the study will address the following research questions:

1. What are the socio-demographic characteristics, lifestyles and energy
behaviours of households in Ouagadougou, Burkina Faso?

2. What are the ownership and saturation rates of typical household appliances,
and how much do they contribute to electricity consumption?

3. How do households' socio-demographic characteristics, lifestyles and energy

behaviours influence their electricity consumption?

2. Methodology

2.1 City of Ouagadougou

Ouagadougou, known colloquially as "Ouaga”, is the capital and largest city of Burkina
Faso and the cultural, economic and administrative centre of the country. The city is
located in the central region of the country at latitude 12°21'58" N and longitude
01°31'05" W [50]. The city is located in the Sudano-Sahelian climatic zone, which gives
the climate, a hot and dry character, with average monthly temperatures ranging from
25°C in December to 33°C in April [51]. The average relative humidity is 48.5%, and
the rainfall varies from less than 50 mm in the dry months (December to April) to about
200 mm in August [51]. In addition to being the largest city in the country,
Ouagadougou is home to 45.4% of the country's urban population, with a size of
2,453,496 inhabitants grouped in 12 districts and 55 sectors [6]. The city was therefore

chosen because it gives a good representation of urban areas in the country and can



also serve as a basis for predicting the characteristics of electric consumption of the

other urbanising areas of Burkina Faso in the future.

I
I
I
Type of method
used

Fig. 1. Framework of the survey methodology

Total approached

2.2 Survey design and data collected

Questionnaires were used to collect data as they have been identified as a suitable
method for gathering data [52] and are often used in energy consumption studies [53].
The survey sample size (n) was determined as 384 at a 95% confidence interval and
a 5% margin of error (e) [54]. Random sampling was used in the survey to ensure that
each household had an equal chance of being selected. However, the selected
households surveyed in each district depended on the readiness of the respondents
to participate. Throughout the sampling process, attention was also paid to selecting
samples with different household backgrounds and domestic economic levels. The in-
person interview was the primary data collection method (Fig. 1), as it was identified
as the most common completion option and the method that produced the highest

response rate [53]. Nevertheless, some households preferred to self-report the
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guestionnaire sheets. Responses were obtained from 387 households out of the 522
households approached (74.1% participation rate) from September 2021 to February
2022, following a pilot test of the questionnaire in August 2021. As the city of
Ouagadougou consists of 12 districts, the overall sample size was made of a
combination of the sample sizes in the districts, and the number of selected houses

was proportional to the total number of households in the corresponding district.

Table 1 shows the characteristics of each district, the number of surveyed households
and the final sample size. It can be noticed a general overestimate of the number of
people per household in the districts regarding the results of the survey when

compared with those of the country’s last census (RGPH, 2019) [55].

Table 1. Structure of Ouagadougou and number of surveyed households

N aes popularion Nemberof L e
Istrict (km?) size households household households household
1 18.65 102 016 25771 4.0 23 6.0
2 12.70 83 436 20 203 4.1 23 4.8
3 60.56 311 406 66 595 4.7 56 5.0
4 82.81 207 647 49 088 4.2 36 6.0
5 21.40 129 984 33115 3.9 28 53
6 29.00 222 854 49 619 4.5 39 6.5
7 32.68 282 837 70 180 4.0 32 55
8 66.57 152 880 36 098 4.2 15 4.9
9 88.27 336 483 79 889 4.2 34 3.9
10 27.96 263 969 63 579 4.1 45 4.9
11 48.30 254 928 62 221 4.1 44 5.8
12 44.13 66 826 15811 4.2 12 6.2

Total 533.03 2415 266 572 169 4.2 387 54




The survey content, as shown in Table 2, consisted of seven main items characterising

households’ lifestyles and behaviours regarding electricity use: household and dwelling

characteristics, appliances ownership and use, daily life activities, electricity use and

energy behaviours, and other various elements.

Table 2. Items covered by the survey’s questionnaire

ltems investigated

Content or description

Household characteristics

Dwelling characteristics

Appliances ownership and

use

Dalily life activities

Electricity use

Energy Behaviour

Others

Family status and size, total income, family members’ age and
relation to the HRP, education level, employment status.

Building type, number of storeys, period of construction, numbers
and usage of rooms, floor area, tenure type, and presence of
HVAC and DHW systems.

Number and characteristics of appliances, pattern of use per type
of day (weekdays/weekends) and appliance purchase condition
(new / used / mixed).

Presence and daily life activities related to household appliance
use (cooking, lighting, Information, communication and
entertainment, cooling and others).

Electricity sources, monthly electricity consumption (amount and
cost) and electricity account information.

Awareness and practices of energy conservation, awareness of
appliance labelling and influence on purchase, awareness and
behaviours of standby consumption.

Level of satisfaction with utility services, frequency and duration
of power outages and load shifting preferences for load

curtailment to avoid power outages.

2.3. Data processing

In order to understand the patterns of electricity consumption and the influence of

households’ appliance and daily life activities on electricity use, it is essential to access

the household’s electricity consumption breakdown. On-site measurement has been

demonstrated as the most accurate solution, however, it remains a challenging activity
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as it is complex, expensive (high costs for initiation, operation and maintenance of
sensors) [52], and requires much effort from both the participants and the researchers
[38]. Therefore, to determine the electricity consumption breakdown in the surveyed
households, this study makes use of more traditional survey methods, which have also
been widely used in literature about residential electricity use [28,34,56-59]. Indeed,
along with the number, type and other characteristics of the appliances, the
participants were asked to state their daily duration of use of each home appliance. As
a result, five main categories of appliances were defined corresponding to the daily life
activities of the households: Cooking and food preserving, Lighting, Cooling,

Information, Communication and Entertainment (ICE) and Others (Table Al).

With such data, the Active Appliance Electricity (AEC, kWh/year) consumption (Eq.
(1)) is calculated as the sum of the electricity consumption of all appliances in the

household while performing their primary functions [58].
AEC = ¥}, CC; X ACU; + X7y Py X NH; + Y=y IEU), (1)

Where CC is the consumption per cycle or load (kWh/cycle or load) for appliances
operating per cycle or load, such as washing machines, ACU is the total annual usage
(cycles or loadsl/year), andlis the number of these typical appliances in the
household. P is the nominal rated power (kW) of the appliances, like the iron, electric
stove, ACs, fans etc., NH and m are respectively the corresponding annual usage
(hr/year) and m their total number in the household. IEU is the annual electricity use
(kWhlyear) of appliances, such as refrigerators, based on their characteristics (type,

volume, brand, age) and r their total number in the household.
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The standby electricity consumption (SEC, kWh/year) was also determined (Eq. (2))
as the multiplication between the standby power of the corresponding appliances (kW)

and the number of hours (hr/year) that they are left on standby [58].
SEC = ., SPs x SU; (2)

Where SP refers to the power of the appliances when operating in standby mode (kW)
and SU to the annual standby usage hours (hours/year) and w to the total number of

standby appliances.

Also, the annual electricity use for lighting (LEC, kWh/year) was also determined as

shown by Eq. (3) [58].
LEC = ¥9_,LP, X LH, (3)

Where LP refers to the power of each of the households’ lights (kW), LH and o
respectively to the annual usage hours of each lamp (hr/year) and their total number

in the household.

Finally, the household’s total annual electricity consumption (TEC) was calculated as

the sum of the households’ active, standby and lighting electricity consumption (Eq.

(4)).
TEC = AEC + SEC + LEC ()

The power ratings and features of the appliances were measured in retail stores and
selected from standard products in the market following the actual characteristics of
appliances (size, capacity, model, brand, age) in the surveyed households [28] due to
inaccessibility for measurements in situ. Therefore, it corresponds to the Product-
based measurement method for estimating standby electricity use [60]. Also, for some

typical appliances that are not used every day, like weather-related ones (fans,
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humidifiers and air-conditioners etc.), the number of use days per year was determined

based on discussion with the occupants.

Finally, the interactions between electricity use and the households’ lifestyles and
energy behaviours were investigated. For this purpose, households were grouped into
thirds based on their TEC, which was sorted from the smallest to largest. Such a
method has been used in previous studies [61—-65]. The first third of the sample was
referred to as the “low consumers”, the second as the “medium consumers”, and the
last as the “high consumers” [64]. In this study, the sizes of the groups were 129

households.

3. Results

3.1. Socio-economic characteristics
48.8% of the surveyed households consisted of couples with children, 25% are
(multigenerational) families, and 16.8% are single-parent families. Other household
types represented 11.7%. The average household size was 5.4, with 10.1% of the
participants housing up to 2 persons, 46%, between 3 and 5 persons, and 44%, 6

persons and more.

72.3% of the surveyed households' respondent person (HRP) were aged between 29
and 61 years old, 7.5% were 62 years old or more, and 7.5% were up to 28 years old.
44.4% of the HRPs were full-time employees, 3.6% were part-time employees, 31.8%
had their own business, and 20.2% were unemployed or retired. The majority of the
HRPs are literate (87.6%), with 46.3% reaching college education level, 33.3%
secondary school and 8% only primary school. The 12.4% lasting never attended

school. 70.8% of the participants earned a monthly income between 100,000 and
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550,000 CFA Francs (FCFA) i.e., US$ 173-947%, 10.3% earned up to 100,000 FCFA
(~ US$ 172), 10.6% between 550,000 and 850,000 FCFA (US$ 948-1463) and 8.3%

more than 850,000 FCFA (> US$ 1463).

Table 3 shows the survey results for the main households' socio-economic and
dwellings characteristics compared to those of the last census and study on the
households’ living condition (both in 2019) [49,55], for not only the Ouagadougou city,
but also at the urban and national scales (where data available). It can be noticed for
the socio-economic characteristics that the survey overestimates the proportion of
single person’s households and underestimates that of multigenerational families. It
underestimates the households’ sizes with respect to the national scale findings, and
also under-represented young and middle aged HRPs with respect both to the urban
and national scales’ findings. Finally, on the socio-economic class of the HRPs, the
study overestimates the proportions of other HRPS (retired and non-employed) with
respect to the urban scale, which is the reflexion of the underestimations of the young

and middle aged HRPs previously notified.

3.2. Characteristics of the dwellings
The average dwellings’ floor area is 101.6 m?. The dwellings are mostly built on one
storey (88.1%), with 57.4% detached houses, 32% multi-family houses, 0.8%
apartments, and 9.8% semi-detached houses. In addition, 65.3% of the participants
own their dwellings, while 32% privately rent theirs and 2.6% live in freely rented
dwellings. Finally, 7% of the dwellings were built before the 1980s, 29.8 % between

1980 and1990 and 63.3% after the 2000s.

L With a conversion rate of 580.94 from US$ to FCFA francs (March 2022)
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Table 3. Households’ socio-economic and dwellings main characteristics (%) of the

study (O387) compared to the results of the 2019 census in Burkina Faso

Characteristics This Ouagadougou Urban scale Country
Study (2019) (2019) scale (2019)
Family composition
Single 5.2 2.5 n/a 1.8
Simple couple 1.6 1.7 n/a 2.6
Others* 2.6 2.8 n/a 1.4
Couple with children 48.8 44.2 n/a 54.2
Multigenerational Family 25.0 334 n/a 23.3
Single parent family 16.8 154 n/a 16.6
Household size
1 5.4 n/a n/a 9.4
2 4.7 n/a n/a 11.3
3 12.9 n/a n/a 14.5
4 16.8 n/a n/a 14.3
5 16.3 n/a n/a 12.9
6+ 44.0 n/a n/a 37.6
Construction type
Multi-family house 32 32.3 31.1 17.9
Apartment block 0.8 2.5 1.6 0.6
Semi-detached house 9.8 9.3 7.7 3.0
Detached house 57.4 56.0 59.6 78.6
Tenure type
Others 0.1 1.0 1.1 1.2
Free rented 2.6 9.4 8.2 4.6
Privately rented 32.0 24.6 27.4 10.9
Owned 65.3 65.0 63.3 83.3
Age of the HRP (Years old)
~28 7.5 n/a 22.1 23.4
29 - 39 18.6 n/a 31.6 27.2
40 - 50 31.0 n/a 21.9 20.3
51-61 22.7 n/a 17.4 13.9
62 + 20.2 n/a 7.0 15.2
Socio-economic class of the HRP
Others 20.2 n/a 6 n/a
Unskilled manual workers 3.6 n/a 3.5 n/a
Manual-skilled and semi-skilled 8 n/a 15 n/a
Non-manual 21.2 n/a 28.3 n/a
Own account worker / farmer 315 n/a 34.7 n/a
Supervisors / managers / professional  15.5 n/a 12.5 n/a

* Shared accommodations households.
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On the dwellings’ characteristics, from Table 3, it can be noticed for example for the
dwellings’ type of construction that the study showed similar findings with respects to
the census results for the Ouagadougou city and at the urban scale. The same can be
said for the dwellings’ tenure types. However, the results for the owner-occupied
dwellings and the detached dwellings are under-represented with respects to the
national scale findings. This can be explained by the rural areas, which have a big
share (74%) in the national population, and in which dwellings are most of the time

detached and owner-occupied.

3.3. Appliance ownership and saturation
Two features of the appliances are defined in this section to yield a comprehensive
investigation of appliance ownership in urban households of Burkina Faso: appliance
ownership and saturation. Appliance ownership refers to households owning one or
more typical appliances, while appliance saturation refers to the amount of a given

appliance per household [26,66,67].

Figure 2 shows the distribution of the number of appliances owned. Households own
an average of 23 appliances (Fig. 2 (a)), with an average of 11 lighting fixtures (Fig. 2
(c)) and 12 other? appliances (Fig. 2 (b)). The number of total appliances ranged
between 3 and 93. The number of lighting fixtures ranged from 2 to 50 and the number

of other appliances between 0 and 59.

Appliances' ownerships are displayed in Figure 3. 100% of the participants own indoor
lighting, and 97.7%, outdoor lighting. LED lights account for 74.9% of the total number
of lighting fixtures, while ballast fluorescents, compact fluorescents and other lights

share respectively 15.6%, 4.7% and 4.8%.

2 The appliances excluding the lighting fixtures: cooking, cooling and ICE appliances.
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Among the other appliances, 97.2% of the participants own at least one fan, 96.1%, at
least one television, out of which 60.7% have a screen of up to 32", 20.4% have a 32
— 65" screen and 18.9% have a screen of 65" or more. Out of the 32% of participants
that had at least one air-conditioner (AC), 10.7% have a 1 horsepower (hp) AC, 75.4%,
a1l.5hpAC, 10.7%, a 2 hp AC and 3.3% a 2.5 or more hp AC. Fridges are owned by
78% of the surveyed households, with 19.4% of them having a capacity of less or equal
to 100 litres (L), 36.7%, a capacity between 100 and 200 L, 31.4%, a capacity between

200 and 300L and 12.5% a 300L or more capacity.

Families with dependent children and couples with and without dependent children
dominated appliance ownership. Indeed, Outdoor lighting, televisions, satellite
receivers and fans are owned by all couples with non-dependent children. A television
is owned by almost all couples with dependent children (99.5%), while satellite
receivers and fridges are owned by at least 80%. They also have the highest laptop
ownership rate (59.9%). Families with non-dependent children dominated ownership

of ACs (57.1%) and were followed by families with dependent children (41.1%).
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Fig. 2. Distribution of the total number of appliances (a), number of other appliances

(b) and number of lighting fixtures (c)

Figure 4 shows the saturation of appliances. Indoor lighting has the highest saturation
rate with an average of 8.7 units/household, followed by fans (4.3), outdoor lighting
(2.5), televisions (1.4) and satellite receivers (1.1). The rest of the appliances had a
saturation of less than 1 unit/household, with laptops, fridges and ACs having more
than a 0.5 saturation and the other appliance saturations ranging from 0.3 (iron) to 0.03

(washing machine).
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Fig. 4. Households' appliance saturation
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3.4. Appliance use
The use patterns of appliances are also fundamental to understand how ownership
influences electricity consumption. For this purpose, during the survey, participants
were asked to indicate, on average, how long each appliance was used daily. Figure
5 gives the average daily appliances’ operating hours. After the almost unceasing
operation of Wi-Fi routers (23.4 hours/day) and refrigerators? (21.7 hours/day), lighting,
cooling and some of the ICE appliances are the most used. For the cooling appliances,
fans operate for an average of 10.3 hours/day, followed by air-conditioners (5.2
hours/day) and the humidifiers (4.7 hours/day), which is a reflection of the hot and dry
climate in Burkina Faso. Television (7.7 hours/day) and satellite receivers (8
hours/day) are the most used ICE appliances, followed by sound systems (4.7
hours/day). Outdoor lights (9 hours/day) operate slightly more than indoor lights daily
(8.3 hours/day) due to their use at night until the morning for safety reasons. The rest
of the appliances had operating hours, ranging from 3.7 hours/day (radio) to 0.2
hours/day (blender). Finally, a range of other appliances, referred to in this paper as
"Others", such for example, as working machines (tailoring machines, wood piercer),
sports devices and electronic pianos, demonstrated an average time of use of 3.8

hours/day.

8 Refrigerators refer here to either fridges or freezer (which are grouped together here due to the small

number of freezers)
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Wi-fi Router 23.4
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Fig. 5. Households’ average appliance time of use per day

Figure 6 shows the use patterns of the main appliances on weekdays and weekends.
The weekday pattern of use of lighting (indoor and outdoor combined) demonstrates
two peaks occurring at 05:00 and 20:00, with the first peak (05:00) corresponding to
the time people wake up to prepare to go to school/work (Fig. 6 (a)). After that, outdoor
and indoor lights are turned off until a stabilisation around 15% until 16:00. This
percentage reflects households that keep the indoor lights on during the day as they
choose to close curtains/blinds on doors and windows due to the very dusty character
the climate can give the atmosphere. The fraction of users starts increasing at 17:00
corresponding to households returning home, as most public offices and schools close
between 16:00 and 17:00. The usage keeps increasing until 20:00 where the users’

fraction reaches almost 100% corresponding to people being at home doing the
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evening activities, and then starts to drop as people start going to bed. An almost

identical use pattern can be observed for the weekends (Fig. 6 (b)).

Weekday use of fans also (Fig. 6 (a)) had two peaks, with the first occurring around
12:00 to 13:00 corresponding to some of the householders being at home during the
day as well as those who return for midday breaks. The second peak occurs around
19:00 to 21:00 when most households are home, doing activities mainly in the living
room with their fans turned on. At night, the pattern of use stabilises at least at 90% as
households keep the fans on for sleeping between 23:00 and 05:00. The same patterns
are displayed at the weekend (Fig. 6 (b)) except that the proportion of usage is greater
as there are more people at home during the weekends. Air conditioners also displayed

an almost identical use pattern as fans, albeit with fewer users at the operating times.

Weekday patterns of television use also demonstrated two peaks (Fig. 6 (a)), with the
first one occurring around 12:00 to 13:00 corresponding also to turning-on by
householders at home and those who come for midday breaks. The second peak
occurs around 19:00 to 21:00 when most users are home watching TV programs. At
night, the fraction of users drops corresponding to people going to bed. The same
pattern is evident at the weekend (Fig. 6 (b)), although with an increased fraction of

users as more people are home during the weekends.

Finally, refrigerators, indicated a largely unceasing use, which can be seen either on
weekdays (Fig. 6 (a)) and weekends (Fig. 6 (b)). Slightly less than 80% of the users
keep their refrigerators running in the night. The number of users starts increasing in
the morning at 07:00, stabilises until 16:00 and then slightly increases until 20:00,

corresponding to some users turning on the appliances for use for dinner. After 21:00
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the fraction of users’ drops as some people prefer using only when in need, so they do

not keep refrigerators on at night.

The usage patterns of the other appliances depend on the occupants' activities and
behaviours. For example, some prefer to use irons in the morning before going to
school/work, while others prefer to use them on the weekends to prepare all the clothes
for the week. Kettles are used in the morning to make coffee/tea for drinking before
leaving home, but also in the evening for the same reason or for other cooking
purposes. Electric stoves and microwaves/ovens are commonly used in the evening
for cooking dinners, but some houses also use them in the morning to heat food.
Desktops and laptops are used mainly in the afternoon and evening when people are
back home on the weekdays and by some home workers during the daytime. During
the weekends, daily use increases as more people are home. Game consoles and
DVD/VCR devices are used mainly during the weekends and sometimes on weekdays,
especially during holidays. Washing machine users prefer to use it on weekends to

wash all the clothes.
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Fig. 6. Households’ daily pattern of use for the main appliances during weekdays (a) and weekends (b)
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3.5. Electricity use

3.5.1. Total electricity use
Figure 7 shows the distribution of the annual recorded electricity consumption of the
surveyed households obtained from the consumers' electricity bills. On average, a
household consumes 2395 kWh/year (standard deviation of 1687), with consumptions
ranging from 181 kWh/year to 10188 kWh/year. The average consumption
corresponds to 295,631 FCFA/year (509 US$/year) spent on electricity, equivalent to
at least 10% of the annual income of 42% of the participant and at least 6% of the
annual income of 68% of the participants. The first 25% of the participants consume at
most 1079 kWhl/year, while the last 25% consume at least 3254 kWh/year. The
average consumption per capita is equivalent to 496 kWh/year, with the "single person”

households showing the highest consumption per capita (884 kWh/year), while the
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multigenerational families, which have the largest average household size (9

persons/household), showed the lowest consumption per capita: 379 kWh/year.

3.5.2. Electricity use breakdown
In order to determine the electricity consumption breakdown, the method explained in
section 2.3 and Egs. (1) to (4) were used. The theoretical mean annual electricity
consumption (TEC) was 2 573 kWh/year, 7.4 % greater than the mean annual recorded
electricity consumption. At the aggregated level, the theoretical aggregated electricity
use of the overall sample is 6.2% higher than the aggregated measured electricity use.
With regards to such estimations, it was judged therefore useful to proceed with the
electricity use breakdown. Figure 8 shows the average annual electricity per
appliance*. Due to their higher ownership, saturation, and operating hours, appliances
such as air-conditioners (1833 kWh), fans (369 kWh) and refrigerators (up to 519 kwh)
demonstrated high consumptions. However, appliances like electric stoves (1027
kwh), kettles (392 kWh), irons (314 kWh), microwaves (312 kWh) and washing
machines (294 kWh) also demonstrated significant electricity uses due to their high
operating powers. The other appliances displayed values from 278 kWh/year

(television) to 19.89 kWh/year (radio).

Figure 9 shows the breakdown of TEC per appliance and activity for the households.
Again, ACs remained the major consuming appliance (Fig. 9 (a)), accounting for 24.6%
of the total electricity use, followed by refrigerators (16.7%), fans (15.1%), lighting
fixtures (14.5%) and televisions® (13.5%). The rest of the appliances accounted for the

remaining 15.6%.

4 The average annual electricity per appliance refers here to the average for the households in which
this typical appliance is present.
5 The televisions are considered jointly with the satellite receivers here.
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Cooling was the most significant consuming activity with a share of 39.9%, (Fig. 9 (b)),
followed by food cooking and preserving (22.7%), ICE (19.1%) and lighting (14.5%)

activities. The other activities represented only 3.8% of TEC.
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Fig. 8. Average annual electricity consumption per appliance
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Fig. 9. Electricity consumption breakdown by appliance types (a) and activities (b)
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3.6. Energy behaviour and electricity use
The literature has demonstrated the energy-saving potential related to occupants and
their behaviours to be around 10-25% in residential buildings [68]. However, seeking
occupants' behaviour modifications for energy consumption reduction involves
complex interactions of technical and social phenomena [69,70]. In this section, the
energy behaviours of the participants and their interactions with electricity use were
investigated. With the methodology described in section 2.3, three groups of
consumers based on their annual electricity consumption were formed, namely the low,
medium and high consumers. Table 4 gives the electricity consumption statistics for
the three groups along with those of the overall households. In average, the medium
consumers use more than twice the electricity used by the low consumers, while the
high consumers more than twice the electricity used by the medium consumers and

little less than five times that of the low consumers.

Table 4. Descriptive statistics of electricity consumption

o Low consumers Medium consumers High consumers Overall sample
Statistics (kWh)
group (n=129) group (n=129) group (n=129) (n=387)
Mean 870 1976 4339 2395
Standard deviation 252 465 1406 1687
Minimum 181 1252 2862 181
Maximum 1250 2862 10,188 10,188

For the electricity use break-down, air-conditioners remain the main consuming
appliances for the high consumers (33.6%), followed by refrigeration appliances
(15.1%) and other appliances (16.7%). However, for the low and medium consumers,
fans (25.8% and 20.6% respectively) were the more significant appliances, followed
by refrigerators (20.3%) and televisions (20.5%) for the medium and low consumers

respectively.
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Regarding the activities, like for the overall sample, cooling, remained the leading
activity despite the group (up to 44.7%). However, cooling is followed by
cooking/preserving for the medium and high consumers due to their higher ownership
and use of the refrigerators and other kitchen appliances. Whereas, the use of ICE
appliances was the second most significant activity for the low consumers. The low
consumer group, which consists mainly of low incomes households (82% of them earn
up to 250,000 FCFA francs, 430US$, monthly), cannot easily afford to buy air-

conditioners and other cooking and preservation appliances.

3.6.1. Energy conservation awareness and practice
Out of the overall sample, 35.9% declared not to be aware of energy conservation.
41.9% did not undertake any energy conservation actions, whereas 27.4% did so
regularly, and 30.7% sometimes. Figure 10 shows the practical actions of energy
conservation undertaken by the households. Most of the low consumers do not
practice energy conservation (50.4%), while for the medium group this share is 47.3%.
In comparison, the high consumers, which consist mainly of households headed by
advanced literate persons (68.2% of them went to university/college), have a smaller
number of households practising no energy conservation actions (28.7%), with the rest
(71.3%) undertaking mostly, basics actions like turning-off unused appliances and
unplugging standby appliances when not in use, but also some advanced actions like

installing typical® efficient lighting fixtures and solar PV/water systems.

¢ Efficient lights other than the LED lights, which already have a high saturation in the sample due to a
project of the Energy Ministry that consist of substituting fluorescent and other inefficient lights with 3

LED lights per household in the main urban cities of the country within which Ouagadougou.
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Fig. 10. Energy conservation actions practiced in the households

3.6.2. Standby electricity consumption (SEC)
In addition to awareness and practices of energy conservation measures, SEC was
specifically investigated as a feature of households’ energy conservation behaviours.
Participants were asked about their awareness of the standby mode and if they unplug
their standby appliances when not in use. The survey results were used to determine
the SEC of the households. The method explained in section 2.3 and Eq. (5)
was used. The average, maximum, minimum, and standard deviation values for the
number of standby appliances, standby power, usage time, and electricity consumption

are given in Table 5 for the overall sample and the groups of consumers.

The high consumers, as it may have been expected, tend to have more standby

appliances (7). This translates into higher average standby power (17.9 W) and usage
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time (8.4 hours/days) per household for this group and, therefore, into a higher SEC

(53.4 kWhl/year).

Table 5. Standby power, usage time and electricity consumption

Standby L Overall Low Medium High
Statistics
features sample consumers consumers consumers
Number of Mean 4.6 2.6 4.1 7.1
standby St. dev. 3.3 1.6 2.2 3.9
appliances Minimum 0.0 0.0 0.0 1.0
Maximum 30.0 9.0 13.0 30.0
Standby power Mean 12.6 8.3 11.6 17.9
St. dev. 9.8 4.7 9.3 11.5
Minimum 0.0 0.0 0 5.0
Maximum 80.0 32.0 80.0 75.0
Standby usage Mean 4.6 2.1 3.3 8.4
time St. dev. 6.9 3.3 3.5 9.9
Minimum 0.0 0.0 0.0 0.0
Maximum 48.6 24.9 18.7 48.6
Standby Mean 29.5 14.1 21.0 53.4
electricity St. dev. 47.5 22.3 22.3 70.0
consumption Minimum 0.0 0.0 0.0 0.0
(kWhlyear) Maximum 434.3 146.9 112.5 434.3

Table 6 show the SEC breakdown per appliance for the overall sample and groups of

consumers. For higher consumers, the desktop had the highest share, within the total

SEC (44.7%), followed by satellite receiver (17.1%), laptop (14.9%) and televisions

(9.3%). For medium and low consumers, satellite receivers had the highest share

(more than 30% for the two groups), followed by laptops and televisions. The television

(24.2%) had a higher share than the laptop (12.7%) for the low consumers, while the

latter (21.3%) has a higher share than the television (19.1%) for the medium

consumers. The other appliances accounted for less than 10%.
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Table 6. SEC breakdown (%) by appliance

SEC breakdown Low Medium High Overall

(%) consumers consumers consumers sample
Television 24.2 19.1 9.3 14.0
Satellite receiver 39.7 34.7 17.1 24.9
Desktop 10.7 14.3 44.7 32.1
Laptop 12.7 21.3 14.9 16.1
Radio 5.8 6.4 2.9 4.2
Sound system 5.1 2.4 5.2 4.5
DVD/VCD 1.6 1.0 0.9 1.0
Game console 0.4 0.7 3.5 2.3
Printing machine - - 0.7 0.4
Kettle 0.0 0.1 0.1 0.1
Microwave/Oven 0.0 0.0 0.6 0.4
Washing machine 0.0 0.0 0.1 0.1

Finally, Table 7 shows the share of the SEC within the TEC for the overall consumption
and the share of SEC within the TEC for each appliance. The SEC represents 1.2% of
the TEC for the overall sample, with a slightly higher share for the low consumers
(1.6%) than the other groups (1.1% respectively). For the share of SEC within TEC per
appliance, radios stand out from other appliances as SEC represents more than 25%
of the TEC for radios, either within the overall sample or the consumer groups. Within

the low and medium consumers, radios are followed by laptops, satellite receivers and

desktops, while for the high consumers, the order is inversed.
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Table 7. Share of the SEC within the TEC for overall use and per appliance

Share of SEC in TEC (%) Overall Low Medium High
sample consumers  consumers  consumers
Total SEC 1.2 1.6 1.10 1.11
Television 14 2.3 1.6 1.1
Satellite receiver 13.0 16.2 12.4 12.1
Desktop 18.1 10.7 7.1 23.9
Laptop 12.8 18.4 13.2 11.9
Radio 31.6 26.9 36.4 30.9
Sound system 8.6 12.7 13.5 7.5
DVD/VCD 8.9 5.9 10.5 10.7
Game Console 4.5 1.4 4.0 4.9
Printing machine 1.6 - - 2.7
Kettle 0.1 0.0 0.1 0.1
Microwave/Oven 0.2 0.0 0.0 0.3
Washing machine 0.3 - 0.0 0.3

3.6.3. Appliance behaviours and satisfaction with electricity utility
Detailed results of appliance behaviours and satisfaction with electricity utility are
provided in Appendix B, with only the key findings presented below. In relation to
appliance purchasing, almost all of the participants (92.2%) prefer to purchase and use
new appliances, while a few prefer second-hand (3.1%) and mixed’ appliances (4.7%).
Regarding appliance energy performance, a high proportion of the medium and low
consumers (at least 79.8%) did not know and, therefore, did not purchase their
appliances according to their energy performance labels. High consumers had a higher
awareness (41.1%) of energy performance labelling of appliances, with 28%
considering this criterion when purchasing appliances. Price is one of the main other
influencing factors for purchasing appliances regardless of the consumer group (Fig.

11). For low (50%) and medium (39.2%) consumers, price is the main criterion, while

7 For some appliances, they prefer buying new ones, while for some they prefer buying second-hand
ones.
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high consumers mostly prefer using price in combination with other factors such as

brand/design (36.8%).
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Fig. 11. Other influencing factors for appliance purchase

Participants were asked to indicate which appliances they would like to include in
potential load shifting actions to help the utility services prevent temporary power
supply curtailing during critical hours of use. Figure 13 shows that refrigeration
appliances were the primary preference within the low (50%) and medium consumer
groups (44.3%). Following refrigeration appliances, medium consumers prefer turning
off cooling appliances (37.7%), while low consumers prefer turning off television
(24.2%). ACs were the first preference for load shifting among high consumers
(49.3%), followed by refrigeration appliances (24.7%), televisions (15.1%) and fans

(11%).
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Fig. 12. Appliance preferences for load shifting

Finally, consumer satisfaction with the services provided by their utility company was
assessed. It emerged that the majority of the participants were more or less satisfied
(34.4%) or satisfied (25.6%) with the utility services. However, 30.7% were unsatisfied
or not at all satisfied. Finally, few indicated that they were very satisfied (1%) or neutral

(8.3%). The same tendency was observed for each group of consumers.

4. Discussion and policy implications

While most existing literature has investigated residential electricity consumption in
developed countries, this study contributes to improving the limited body of literature
on developing countries by providing information on the interaction between
households’ lifestyles and electricity use in urban zones of Burkina Faso. A discussion

of the key findings and the policy implications are discussed below.
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The results demonstrated that most households own common appliances, such as
lighting fixtures, televisions, fans and refrigerators. Their price, which was also found
to be the most influential factor affecting appliance purchases, probably explains the
high levels of ownership, as the price for buying these types of appliances are cheaper
than those for ACs or heavy machineries for example. However, with the expected
increase in urbanisation and economic status of households, it is likely that the
saturation of these common appliances will increase, as well as their affordability. This

may lead to higher electricity demands in future.

Furthermore, the survey demonstrated that most households generally did not have
information about possible energy conservation they could implement at home and
more specifically about the energy performance ratings of appliances. Therefore,
actions such as awareness campaigns and policies to encourage the purchase of more
efficient appliances could be a significant opportunity in Burkina Faso. In 2014, a joint
regional energy efficiency program (PREE, 2014-2021) was launched by the UEMOA
countries, for which, one of the main objectives was to increase the use of energy-
efficient electrical appliances by consumers. As a participant of such an initiative,
Burkina Faso launched a primary law within the energy sector and many decrees
regarding energy efficiency for residential appliances in 2017. However, energy
performance rating labels have not yet successfully been implemented in the

appliances market as initially foreseen by the project.

Despite households in Burkina Faso having similar levels of ownership and saturation
rates of common domestic appliances as other countries and specifically developing
ones [26,71], electricity use was lower when compared to them [26,28,58,72,73]. This
could be attributed among other things to the high tariffs used by the electricity utility

and the lower performance of the electricity grid within the country. Indeed, the
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electricity utility, the only one in the country, has one of the highest electricity tariffs in
the West-African region [7]. Also, the grids' performance is among the worst, with an
average of 84 interruptions, accounting for 60 hours/year of outages for customers [5].
This likely leads into the significant level of customer disappointment observed in this
study. Improving generation capacity with high penetration of renewable energy, could
be explored to make electricity services more affordable for the consumers. Some
solutions like off-grid generation and distribution, as well as individual distribution kits

may further help improve efficiency in the use of electricity by avoiding losses.

Three groups namely the low, medium and high consumers were created to analyse
interactions between households’ lifestyles and electricity use. Most likely due to the
hot and dry environment, weather-related appliances such as fans and air-conditioners
demonstrated extensive use by households. Fans that are more affordable for
purchasing are widely used by the low consumers and some of the medium
consumers, while air-conditioners are used more by high consumers. This translates
into cooling being the most electricity consuming activity among all the groups. Results
showed that households with fans consumed 1.5 times more electricity than those with
no cooling appliances. This increases up to 5 times more when households own ACs.
Therefore, attention should be paid to ownership and use of weather-related
appliances, when planning for future increases in electricity demand and opportunities
for energy efficiency. Some alternatives, such as improving the buildings’ fabric energy
performances through materials/technology to reduce heat gains [74-76], could be
considered, but affordability of such solutions remains challenging for the population,
along with a lack of research on their effectiveness in hot and dry climates, even in

urban zones [77,78].
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Furthermore, the government has initiated incentive policies to increase the integration
of renewable energy systems, such as solar domestic hot water or photovoltaic
systems, as an alternative to fulfil the energy consumption needs of households.
However, their saturation is still limited, as demonstrated by the study, despite the
considerable potential that Burkina Faso has for using such technologies. This low
uptake may be explained by issues of affordability and consumers’ trust about the
systems' performance. Further policies and initiatives, possibly including incentives,

needs to be considered and implemented by the government.

Awareness and incentive measures should also be maintained for lighting fixtures.
Through the Energy Ministry, the government initiated a campaign for substituting
fluorescent and other inefficient lights with 3 LED lights per household in the main
urban cities of the country in 2018. The campaign is expected to be progressively
extended throughout the country to eventually reduce the national power demand by
19.9 MW. Such initiatives, have been demonstrated as a valuable mean for electricity
access increase, if well planned [79]. However, this study demonstrated that non-
efficient lighting was still present in 24% of the participants’ households. Effort should
therefore be maintained to achieve a 100% share of efficient lights to reduce lighting
electricity use, which accounts for 14.5% of the Total Electricity Consumption (TEC),

and also encouraging households to switch off lights when not in use.

Furthermore, attention should also be paid to Standby Electricity Consumption (SEC).
Although this represents only 1.2% of the TEC, the ICE appliances were found to
account for the majority of SEC (96%) which are more generally affordable appliances,
and as income levels increase in future, a higher share for SEC could occur. This was
demonstrated in the study with low consumers who, despite being made up of low-

income households, showed high ownership levels of ICE equipment leading to a
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higher share of SEC. Education and information could be enhanced to avoid increasing

SEC in future.

The study also demonstrated a general lack of understanding of good practices for
energy conservation. Indeed, 35.9% of the participants declared they were not aware
about energy conservation, whilst amongst those that were aware, 6% did not practice
it and 30.7% not regularly. Furthermore, 80% of the participants were not aware about
energy performance labelling. Here also education and information campaigns about
energy conservation/efficiency could be implemented. Televisions appear to be good
medium for transmitting such information, as the survey demonstrated a high
ownership and significant daily usage. Furthermore, the low consumers who
demonstrated more exposure to lack of information about energy conservation, also
had high ownership rates and usage of televisions. In addition, implementing
information and education campaigns in school programs and administration/services
information could be a further avenue. Finally, possible financial incentive measures
to increase saturation of efficient appliances could be considered, as most participants
in this study indicated that they preferred to purchase new appliances, and price was

the most important factor influencing appliance choice.

Finally, the results indicated that most high consumers prefer to sacrifice their thermal
comfort, instead of experiencing power outages, as the AC (49.3%) was identified as
their main preference for load shifting during critical demand periods, followed by
refrigerators (24.7%). Whereas, low and medium consumers designated refrigerators
(50% and 44.3%) as their principal element for load shifting, followed by the television
(24.2%) for the low consumers and AC (19.7%) for the medium consumers. These
findings perhaps indicate the understanding of the consumers on the potential impact

of curtailing the use of these appliances on their electricity load. It also showed a
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willingness to cooperate in demand side management measures/programs. The
results suggest that appliances, like ACs, refrigerators and televisions could serve as

first targets for such initiatives.

4.3. Limitations of the study and future research

In order to fill the significant gap on residential electricity consumption in developing
countries with hot and dry climates, this study provides several insights on the
interaction between urban households’ lifestyles and electricity use in Burkina Faso.

However, the findings are limited by some restrictions given below.

First, even if the sample size targeted was reached, it remained low and was designed
as this due to constraints like costs. As a result, it overestimates and underestimates
in some cases, the results when compared to the characteristics of the true
populations. This puts some concerns on its representativeness. Future large-scale
surveys are therefore, needed to have a consistent and representative sample size in

order to have a clear analysis on the results obtained from this study.

Second, even if the methodology used for determining the electricity use and its
breakdown for the surveyed households has been shown to be reliable in previous
studies, this method is subject to issues like information-reporting and appliances
operation modes. Some households indeed, even after agreeing to participate, may
feel observed, and this may have led to differences between actual characteristics and
behaviours and those reported. Some also could have underestimated or
overestimated their appliance usage patterns, which led to the individual differences.
Future research should encompass in-situ measurements for not only guarantying
accuracy, but also investigate trends in use and characteristics of domestic electricity

use.
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Finally, although limitations exist the value of the current study's findings stands. The
study can serve as a reference for forthcoming studies in Burkina Faso and other
developing hot and dry climate countries. Also, it provides valuable insights for energy
planners, designers, and policymakers as some information like TEC breakdown and
SEC were unveiled. This could help set priorities and determine targets for designing

and implementing energy policies in the residential sector.

5. Conclusion

This study collected data on the urban households’ characteristics and behaviours
between September 2021 and February 2022 within 387 households in the city of
Ouagadougou, to provide insights into the urban residential electricity consumption in
Burkina Faso. To the authors' knowledge, this is the first-ever study conducted to
provide information on city-scale electricity consumption in Burkina Faso. The key

findings of the study were:

e Couples with children and multigenerational families who represent 71.5% of
the surveyed households, are the dominant family typology within urban
households of Burkina Faso. The average size per household is around 5.2,
with the households headed mostly by Men and ages of HRPs laying between
29 and 61. Most of the HRPs are literate, and 70.8% of the households earn
incomes between 100,000 and 550,000 FCFA francs (US$ 173-947). The
average dwelling floor area is estimated as 101.5 m2, with most (89.4%)
consisting of detached and multi-family dwellings, and having an average of 6

rooms.
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At least 78% of the households own “essential” appliances, such as fridges,
fans, televisions, satellite receivers and lighting fixtures, which operate at least
7.7 hours a day. On the other hand, more powerful and non-common
appliances, such as air-conditioners are owned only by up to 32% of the
participants and are used for an average of up to 5.2 hours daily. Lighting
fixtures showed higher saturation, while essential appliances are owned at
around 1 unit/household.

Households use, on average, 2395 kWh/year, while per capita and floor area
(m?2), the consumption is around 422 kWh and 23.58 kWh, respectively, which
are lower values in comparison with other survey studies globally reported in
the literature. For the electricity use breakdown, weather-related appliances, like
fans and air-conditioners contribute the most to the total electricity consumption
(TEC) accounting for 15.1 and 24.6%. As a consequence of this, cooling
activities use the most electricity (39.9%), followed by cooking/preserving,
information-communication-entertainment (ICE), lighting and then other
activities.

In order to investigate the interactions between electricity consumption and
lifestyles and energy behaviour, three groups of consumers, namely the low,
medium and high consumers, were formed based on their annual electricity
consumptions. The average TEC were 870, 1976 and 4339 kWh/year for the
low, medium and high consumers respectively. The findings suggest that even
if cooling remains the most consuming activity for all the consumers, air-
conditioners are the leading consuming appliances among the high consumers,
while fans play the same role among the low and medium consumers. Also,

cooling is closely followed by ICE activities for the low consumers, who own and
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showed a high share of ICE appliances in their TEC due to their easier
affordability. This also leads to a higher share of standby electricity consumption
(SEC) within the TEC for this group, with ICE appliances being responsible for
96% of SEC.

Finally, the study demonstrated a general lack of knowledge and good practices
of energy conservation amongst the households. There appears to be a need
to increase information and education campaigns in Burkina Faso to support
future energy efficiency actions and policies.

Overall, the results of this study increase understanding of households’
lifestyles, their patterns of appliance ownership and use, and residential
electricity consumption. Potential actions and policies were discussed and these
could be used by stakeholders in the energy sector, such as policy makers, grid
operators, and building designers. This study may also serve as a reference for
the characteristics, behaviours and patterns of electricity consumption of other
growing cities in Burkina Faso or other hot climate developing countries with

similar contexts and characteristics.

42



CRediT authorship contribution statement
Komlan Hector Seth Tete: Conceptualization, Investigation, Methodology, Data

processing, Software, Analysis, Writing — Original draft.

Y. Moussa Soro: Conceptualization, Methodology, Validation, Analysis, Writing -

Review and edition, Supervision.
S. S. Sidibe: Methodology, Analysis, Writing — Review and edition.

Rory V. Jones: Methodology, Analysis, Writing — Review and edition.

Declaration of Competing Interest

The authors declare that they have no known competing financial interests or personal

relationships that could have appeared to influence the work reported in this paper.

Data availability

Data will be made available on request.

43



References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

S.0. Oyedepo, Energy and sustainable development in Nigeria: the way forward
Sustainable energy Renewable energy Energy efficiency Energy conservation

Review Background, Energy. Sustain. Soc. (2012) 1-17.

S. Kumar, P. Shrestha, P.A. Salam, Energy Access of the Urban Poor in
Bangkok , Thailand, Sustain. Futur. ENERGY 2012 10th SEE FORUM. (2012)

1-8.

B. Tarekegne, R. Sidortsov, Evaluating sub-Saharan Africa’s electrification
progress: Guiding principles for pro-poor strategies, Energy Res. Soc. Sci. 75

(2021) 102045. https://doi.org/10.1016/j.erss.2021.102045.

UEMOA, Atlas de 'énergie  dans 'espace UEMOA, 2020.
http://www.uemoa.int/sites/default/files/bibliotheque/atlas_energie_uemoa_oif i

fdd.zip.

ARSE-BF, Rapport annuel dactivitétss 2020, Ouagadougou, 2020.

https://www.arse.bf/IMG/pdf/rapport_arse-vc.pdf.

INSD-BF, Résultats Préliminaires du Cinquieme Recensement Général de la
Population et de [I'Habitation du Burkina Faso (RGPH 5), 2020.
http://www.insd.bf/contenu/documents_rgph5/RAPPORT_PRELIMINAIRE_RG

PH_2019.pdf.

ME/BF, Tableau de Bord 2018, Ouagadougou, 2019.

http://cns.bf/IMG/pdf/me_annuaire_statistique-2018.pdf.

INSD-BF, Annuaire Statistique 2019, Ouagadougou, 2020.

http://www.insd.bf/contenu/pub_periodiques/annuaires_stat/Annuaires_stat_na

44



[9]

[10]

[11]

[12]

[13]

[14]

[15]

tionaux_BF/Annuaire_Statistique_National 2019.pdf.

ARSE-BF, Rapport annuel d’activités 2019, 2019.

https://www.arse.bf/IMG/pdf/rapport_arse 2019.pdf.

MEF/BF, Analyse des résultats définitifs du recensement général de la
population et de I'habitation (RGPH-2006): Croissance urbaine (Theme 9),
Ouagadougou, 2009.

http://lwww.cns.bf/IMG/pdf/theme_9 urbanisation_fin_f.pdf.

L. Yao, Y. Chang, Energy security in China: A quantitative analysis and policy
implications, Energy Policy. 67 (2014) 595-604.

https://doi.org/10.1016/j.enpol.2013.12.047.

J. Charles Rajesh Kumar, M.A. Majid, Renewable energy for sustainable
development in India: Current status, future prospects, challenges, employment,
and investment opportunities, Energy. Sustain. Soc. 10 (2020) 1-36.

https://doi.org/10.1186/s13705-019-0232-1.

O. Guerra Santin, Occupant behaviour in energy efficient dwellings: Evidence of
a rebound effect, J. Hous. Built Environ. 28 (2013) 311-327.

https://doi.org/10.1007/s10901-012-9297-2.

Q. Wang, Z. Gao, H. Tang, X. Yuan, J. Zuo, Exploring the direct rebound effect
of energy consumption. A case study, Sustain. 10 (2018).

https://doi.org/10.3390/su10010259.

K. Du, S. Shao, Z. Yan, Urban residential energy demand and rebound effect in
China: A stochastic energy demand frontier approach, Energy J. 42 (2021) 175—

193. https://doi.org/10.5547/01956574.42.4.KDU.

45



[16]

[17]

[18]

[19]

[20]

[21]

[22]

Y.J. Zhang, H.R. Peng, Measuring the Direct Rebound Effect of China’s
Residential Electricity Consumption, Energy Procedia. 104 (2016) 305-310.

https://doi.org/10.1016/j.egypro.2016.12.052.

I. Sukarno, H. Matsumoto, L. Susanti, Household lifestyle effect on residential
electrical energy consumption in Indonesia: On-site measurement methods,

Urban Clim. 20 (2017) 20-32. https://doi.org/10.1016/j.uclim.2017.02.008.

W.K. Fong, H. Matsumoto, Y.F. Lun, R. Kimura, Influences of Indirect Lifestyle
Aspects and Climate on Household Energy Consumption, J. Asian Archit. Build.

Eng. 6 (2007) 395-402. https://doi.org/10.3130/jaabe.6.395.

S. Mao, S. Qiu, T. Li, M. Tang, H. Deng, H. Zheng, Using characteristic energy
to study rural ethnic minorities’ household energy consumption and its impact
factors in Chongging, China, Sustain. 12 (2020).

https://doi.org/10.3390/SU12176898.

X.Y. Zhou, A.L. Gu, Impacts of household living consumption on energy use and
carbon emissions in China based on the input—output model, Adv. Clim. Chang.

Res. 11 (2020) 118-130. https://doi.org/10.1016/j.accre.2020.06.004.

L.N. Tran, W. Gao, D. Novianto, Y. Ushifusa, H. Fukuda, Relationships between
household characteristics and electricity end-use in Japanese residential
apartments, Sustain. Cities Soc. 64 (2021) 102534.

https://doi.org/10.1016/j.scs.2020.102534.

D. Novianto, M.D. Koerniawan, M. Munawir, D. Sekartaji, Impact of lifestyle
changes on home energy consumption during pandemic COVID-19 in Indonesia,
Sustain. Cities Soc. 83 (2022) 103930.

https://doi.org/10.1016/j.scs.2022.103930.
46



[23]

[24]

[25]

[26]

[27]

[28]

[29]

E. Martey, P.M. Etwire, F. Adusah-Poku, I. Akoto, Off-farm work, cooking energy
choice and time poverty in Ghana: An empirical analysis, Energy Policy. 163

(2022) 112853. https://doi.org/10.1016/j.enpol.2022.112853.

A. Dongzagla, A.-M. Adams, Determinants of urban household choice of cooking
fuel in Ghana: Do socioeconomic and demographic factors matter?, Energy. 256

(2022) 124613. https://doi.org/10.1016/j.energy.2022.124613.

O. Ipek, E. Ipek, Determinants of energy demand for residential space heating
in Turkey, Renew. Energy. 194 (2022) 1026-1033.

https://doi.org/10.1016/J.RENENE.2022.05.158.

M. Sakah, S. de la Rue du Can, F.A. Diawuo, M.D. Sedzro, C. Kuhn, A study of
appliance ownership and electricity consumption determinants in urban
Ghanaian households, Sustain. Cities Soc. 44 (2019) 559-581.

https://doi.org/10.1016/j.scs.2018.10.019.

L.F. Cabeza, D. Urge-Vorsatz, A. Palacios, D. Urge, S. Serrano, C. Barreneche,
Trends in penetration and ownership of household appliances, Renew. Sustain.

Energy Rev. 82 (2018) 4044—4059. https://doi.org/10.1016/j.rser.2017.10.068.

V.T. Le, A. Pitts, A survey on electrical appliance use and energy consumption
in Viethamese households: Case study of Tuy Hoa city, Energy Build. 197 (2019)

229-241. https://doi.org/10.1016/j.enbuild.2019.05.051.

A. Yoshida, P. Manomivibool, T. Tasaki, P. Unroj, Qualitative study on electricity
consumption of urban and rural households in Chiang Rai, Thailand, with a focus
on ownership and use of air conditioners, Sustain. 12 (2020) 1-19.

https://doi.org/10.3390/su12145796.

47



[30]

[31]

[32]

[33]

[34]

[35]

[36]

L.F. Cabeza, D. Urge-Vorsatz, D. Urge, A. Palacios, C. Barreneche, Household
appliances penetration and ownership trends in residential buildings, Renew.

Sustain. Energy Rev. 98 (2018) 1-8. https://doi.org/10.1016/j.rser.2018.09.006.

S. Zahiri, H. Elsharkawy, Towards energy-efficient retrofit of council housing in
London: Assessing the impact of occupancy and energy-use patterns on building
performance, Energy Build. 174 (2018) 672-681.

https://doi.org/10.1016/j.enbuild.2018.07.010.

W. Al-Marri, A. Al-Habaibeh, M. Watkins, An investigation into domestic energy
consumption behaviour and public awareness of renewable energy in Qatar,
Sustain. Cities Soc. 41 (2018) 639-646.

https://doi.org/10.1016/j.scs.2018.06.024.

L. Poznaka, I. Laicane, D. Blumberga, A. Blumberga, M. Rosa, Analysis of
Electricity User Behavior: Case Study Based on Results from Extended
Household Survey, Energy Procedia. 72 (2015) 79-86.

https://doi.org/10.1016/j.egypro.2015.06.012.

A.M.A. Mohamed, A. Al-Habaibeh, H. Abdo, S. Elabar, Towards exporting
renewable energy from MENA region to Europe: An investigation into domestic
energy use and householders’ energy behaviour in Libya, Appl. Energy. 146

(2015) 247-262. https://doi.org/10.1016/j.apenergy.2015.02.008.

U.S. Energy Information Administration (EIA), Residential Energy Consumption
Survey (RECS), Energy Inf. Adm. (2020).

https://www.eia.gov/consumption/residential/ (accessed August 10, 2022).

X. Zheng, C. Wei, P. Qin, J. Guo, Y. Yu, F. Song, Z. Chen, Characteristics of

residential energy consumption in China: Findings from a household survey,

48



[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Energy Policy. 75 (2014) 126-135. https://doi.org/10.1016/j.enpol.2014.07.016.

Y. Yu, J. Guo, Identifying electricity-saving potential in rural China: Empirical
evidence from a household survey, Energy Policy. 94 (2016) 1-9.

https://doi.org/10.1016/j.enpol.2016.03.031.

Eurostat, Manual for statistics on energy consumption in households, 2013.

https://doi.org/10.2785/45686.

S. Kankam, E.K. Boon, Energy delivery and utilization for rural development:
Lessons from Northern Ghana, Energy Sustain. Dev. 13 (2009) 212-218.

https://doi.org/10.1016/j.esd.2009.08.002.

P.A. Kwakwa, E.D. Wiafe, H. Alhassan, Households Energy Choice in Ghana,

J. Empir. Econ. 1 (2013) 96-103. http://www.rassweb.com.

U. Mutumbi, G. Thondhlana, S. Ruwanza, Reported behavioural patterns of
electricity use among low-income households in Makhanda, South Africa,

Sustain. 13 (2021). https://doi.org/10.3390/su13137271.

K. Louw, B. Conradie, M. Howells, M. Dekenah, Determinants of electricity
demand for newly electrified low-income African households, Energy Policy. 36

(2008) 2812-2818. https://doi.org/10.1016/j.enpol.2008.02.032.

S.P. Williams, G. Thondhlana, H.W. Kua, Electricity use behaviour in a high-
income neighbourhood in Johannesburg, South Africa, Sustain. 12 (2020) 1-19.

https://doi.org/10.3390/su12114571.

I. Ahemen, A.N. Amah, P.O. Agada, A survey of power supply and lighting
patterns in North Central Nigeria—The energy saving potentials through efficient

lighting systems, Energy Build. 133 (2016) 770-776.

49



[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

https://doi.org/10.1016/j.enbuild.2016.10.029.

A.H. Danlami, Determinants of Household Electricity Consumption in Bauchi

State, Nigeria, Hyperion Econ. J. Year V, Issue. 1 (2017) 16-28.

K. Olaniyan, B.C. McLellan, S. Ogata, T. Tezuka, Estimating residential
electricity consumption in Nigeria to support energy transitions, Sustain. 10

(2018). https://doi.org/10.3390/su10051440.

K.H. Zemo, H.T. Kassahun, S.B. Olsen, Determinants of willingness-to-pay for
attributes of power outage - An empirical discrete choice experiment addressing
implications for fuel switching in developing countries, Energy. 174 (2019) 206—

215. https://doi.org/10.1016/j.energy.2019.02.129.

R. Bhandari, V. Sessa, R. Adamou, Rural electrification in Africa — A willingness
to pay assessment in Niger, Renew. Energy. 161 (2020) 20-29.

https://doi.org/10.1016/j.renene.2020.06.151.

INSD-BF, Rapport d’enquéte Régionale Intégrée sur 'Emploi et le Secteur

Informel (ERI-ESI), 2019.

MEF/BF, Monographie de la commune urbaine de Ouagadougou, 2009.
https://ireda.ceped.org/inventaire/ressources/bfa-2006-rec-

02_commune_urbaine_ouagadougou.pdf.

B. Kabore, S. Kam, O. Germain Wende Pouire, B. Dieudonné Joseph, Arabian
Journal of Earth Sciences (AJES), Arab. J. Earth Sci. Babol County) Arab. J.

Earth Sci. 4 (2017) 70-80. https://doi.org/2.2017.4.2.50.

T. Hong, D. Yan, S. D’Oca, C. fei Chen, Ten questions concerning occupant

behavior in buildings: The big picture, Build. Environ. 114 (2017) 518-530.

50



[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

https://doi.org/10.1016/j.buildenv.2016.12.006.

C. Carpino, D. Mora, M. De Simone, On the use of questionnaire in residential
buildings. A review of collected data, methodologies and objectives, Energy

Build. 186 (2019) 297—318. https://doi.org/10.1016/j.enbuild.2018.12.021.

W.G. Cochran, Sampling techniques, 1977. https://doi.org/10.1016/S1569-

4860(07)11002-0.

INSD-BF, Cinquiéme recensement général de la population et de I'habitation du

Burkina Faso (5e RGPH): synthése des résultats définitifs, 2022.

U. Surahman, J. Maknun, E. Krisnanto, Survey on household energy
consumption of public apartments in Bandung City , Indonesia, in: 8th Int. Conf.

Archit. Res. Des., 2016: pp. 181-188.

U. Surahman, D. Hartono, E. Setyowati, A. Jurizat, Investigation on household
energy consumption of urban residential buildings in major cities of Indonesia
during COVID-19 pandemic, Energy Build. 261 (2022) 111956.

https://doi.org/10.1016/j.enbuild.2022.111956.

M.C. Sahin, M.A. Koksal, Standby electricity consumption and saving potentials
of  Turkish  households, Appl. Energy. 114 (2014) 531-538.

https://doi.org/10.1016/j.apenergy.2013.10.021.

A. Ozawa, Y. Kudoh, Y. Yoshida, A new method for household energy use
modeling : A questionnaire-based approach, Energy Build. 162 (2018) 32—-41.

https://doi.org/10.1016/j.enbuild.2017.12.032.

0.0. Olatunji, S.A. Akinlabi, N. Madushele, P.A. Adedeji, F. Ishola, O.O. Ayo,

Wastage amidst shortage: Strategies for the mitigation of standby electricity in

51



[61]

[62]

[63]

[64]

[65]

[66]

[67]

residential sector in Nigeria, J. Phys. Conf. Ser. 1378 (2019) 042062.

https://doi.org/10.1088/1742-6596/1378/4/042062.

S. Firth, K. Lomas, A. Wright, R. Wall, Identifying trends in the use of domestic
appliances from household electricity consumption measurements, Energy

Build. 40 (2008) 926-936. https://doi.org/10.1016/j.enbuild.2007.07.005.

A.J. Summerfield, R.J. Lowe, H.R. Bruhns, J.A. Caeiro, J.P. Steadman, T.
Oreszczyn, Milton Keynes Energy Park revisited: Changes in internal
temperatures and energy usage, Energy Build. 39 (2007) 783-791.

https://doi.org/10.1016/j.enbuild.2007.02.012.

A.J. Summerfield, A. Pathan, R.J. Lowe, T. Oreszczyn, Changes in energy
demand from low-energy homes, Build. Res. Inf. 38 (2010) 42-49.

https://doi.org/10.1080/09613210903262512.

R. V. Jones, K.J. Lomas, Determinants of high electrical energy demand in UK
homes: Appliance ownership and use, Energy Build. 117 (2016) 71-82.

https://doi.org/10.1016/j.enbuild.2016.02.020.

R. V. Jones, K.J. Lomas, Determinants of high electrical energy demand in UK
homes: Socio-economic and dwelling characteristics, Energy Build. 101 (2015)

24-34. https://doi.org/10.1016/j.enbuild.2015.04.052.

J.A. Rosas-flores, D. Rosas-flores, D. Morillon, Saturation , energy consumption
, CO 2 emission and energy efficiency from urban and rural households
appliances in Mexico, Energy Build. 43 (2011) 10-18.

https://doi.org/10.1016/j.enbuild.2010.08.020.

M.A. McNeil, V.E. Letschert, Modeling diffusion of electrical appliances in the

52



[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

residential sector, Energy Build. 42 (2010) 783-790.

https://doi.org/10.1016/j.enbuild.2009.11.015.

Y. Zhang, X. Bai, F.P. Mills, J.C.V. Pezzey, Rethinking the role of occupant
behavior in building energy performance: A review, Energy Build. 172 (2018)

279-294. https://doi.org/10.1016/j.enbuild.2018.05.017.

Y.G. Yohanis, Domestic energy use and householders’ energy behaviour,

Energy Policy. 41 (2012) 654—-665. https://doi.org/10.1016/j.enpol.2011.11.028.

I. Mansouri, M. Newborough, Energy Consumption in UK Households : Impact

of Domestic Electrical Appliances, 54 (1996).

F.A. Diawuo, M. Sakah, S. de la Rue du Can, P.C. Baptista, C.A. Silva,
Assessment of multiple-based demand response actions for peak residential
electricity reduction in Ghana, Sustain. Cities Soc. 59 (2020) 102235.

https://doi.org/10.1016/j.scs.2020.102235.

M. Bedir, E. Hasselaar, L. Itard, Determinants of electricity consumption in Dutch
dwellings, Energy Build. 58 (2013) 194-207.

https://doi.org/10.1016/j.enbuild.2012.10.016.

P. Esmaeilimoakher, T. Urmee, T. Pryor, G. Baverstock, ldentifying the
determinants of residential electricity consumption for social housing in Perth,
Western Australia, Energy Build. 133 (2016) 403-413.

https://doi.org/10.1016/j.enbuild.2016.09.063.

B.l. Ouédraogo, Climate change , renewable energy and population impact on

future energy demand for Burkina Faso built environment, 2012.

M.K. Ansah, X. Chen, H. Yang, Two-stage lifecycle energy optimization of mid-

53



[76]

[77]

[78]

[79]

rise residential buildings with building-integrated photovoltaic and alternative
composite facade materials, Buildings. 11 (2021).

https://doi.org/10.3390/buildings11120642.

C. Hema, A. Messan, A. Lawane, G. Van Moeseke, Impact of the Design of Wallls
Made of Compressed Earth Blocks on the Thermal Comfort of Housing in Hot

Climate, Buildings. 10 (2020) 157. https://doi.org/10.3390/buildings10090157.

C.M. Hema, G. Van Moeseke, A. Evrad, L. Courard, A. Messan, Vernacular
housing practices in Burkina Faso: Representative models of construction in
Ouagadougou and walls hygrothermal efficiency, Energy Procedia. 122 (2017)

535-540. https://doi.org/10.1016/j.egypro.2017.07.398.

O. Zoungrana, M. Bologo/Traoré, A. Messan, P. Nshimiyimana, G. Pirotte, The
Paradox around the Social Representations of Compressed Earth Block Building
Material in Burkina Faso: The Material for the Poor or the Luxury Material?, Open

J. Soc. Sci. 09 (2021) 50-65. https://doi.org/10.4236/jss.2021.91004.

S. de la Rue du Can, D. Pudleiner, K. Pielli, Energy efficiency as a means to
expand energy access: A Uganda roadmap, Energy Policy. 120 (2018) 354—-364.

https://doi.org/10.1016/j.enpol.2018.05.045.

54



Appendix A. Activities and appliances of the households

Table Al below shows the five activities considered for this study and the appliances

included in each activity.

Table A 1. Activities of the households and corresponding appliances

Activity Appliances
Cooling Air-conditioner, fan, humidifier
Cooking/Food preserve Electric stove, fridge, freezer,

microwave/oven, kettle, blender.

ICE Television, satellite receiver, sound
system, game Console, Wi-Fi router,
desktop, laptop, radio, DVD/VCD,
printing/scanning machine

Lighting Indoor and indoor lighting fixtures

Others Washing machine, iron, others
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Appendix B. Households’ appliance purchase and use behaviours and

electricity utility satisfaction

Table B1 — B2 below show the households’ appliance purchase and use behaviours

as well as their satisfaction upon services provided by utility company.

Table B 1. Households’ appliances purchase behaviours

Appliances’ purchase Behaviours Overall Low Medium High

behaviours Features (%) sample consumers  consumers consumers
New 92.2 89.9 92.2 94.6

Appliance purchase Second-handed 3.1 5.4 3.1 0.8

condition _
Mixed 4.7 4.7 4.7 4.7

Awareness of appliance  yeg 26.4 20.2 17.8 41.1

labelling upon energy

erformance

P No 73.6 79.8 82.2 58.9

Influence of energy Yes 15.8 9.3 10.1 27.9

performance labels on

appliance purchase No 84.2 90.7 89.9 72.1
Price 38.8 50 39.3 24.2
Brand/design 17.6 12.7 19.7 21.0

Other factors influencing  pyice and ratings 77 76 59 95

appliances purchase . ' ' ' '
Price and brand 31.2 28.0 30.0 36.8
Ratings 4.8 1.7 5.13 8.4
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Table B 2. Households’ appliances use behaviours and satisfaction upon utility services

Appliances’ use Behaviours Overall Low Medium High

behaviours features (%) sample consumers consumers consumers

Awareness of Yes 52.5 41.1 47.3 69

SEC No 47.5 58.9 52.7 31
Not at all satisfied 9.0 9.3 10.1 7.8
Not satisfied 21.7 20.9 20.2 24.0

, . Neutral 8.3 10.1 7.0 7.8

Satisfaction upon More or less satisfied

utility services © 34.4 34.1 33.3 35.7
Satisfied 25.6 24.0 28.7 24
Very satisfied 1.0 1.6 0.8 0.8
Refrigerators 39.0 50.0 44.3 24.7
Fans

Appliances 17.0 22.7 18 11.0

preferences for ACs 25.0 3.0 19.7 49.3

load shifting Televisions 18.5 24.2 16.4 15.1
Others 0.5 0.0 1.6 0.0
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