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Abstract: In the West African Monetary and Economic Union (UEMOA), information on the char-
acteristics of the users and patterns of electricity end-uses remains hard to find. This study aims
to contribute to reducing the gap in research on domestic electricity consumption in the region by
unveiling the ownership rates, patterns of use and electricity consumption of domestic appliances
in urban households through a city-wide survey. Three categories of urban users were investigated
including high, medium and low consumers. Findings demonstrated various ownership rates for
appliances, ranging from 100% for lighting fixtures to 0% for washing machines depending on
user category. Domestic electricity demonstrated patterns consisting of three peak demand periods,
with the main ones occurring in the evening (19:00 to 20:00) and the night (22:00). Other demand
characteristics include an average daily electricity use ranging from 0.50 to 6.42 kWh per household,
a maximum power demand of between 0.19 and 0.70 kW and a daily load factor between 35 and 58%.
Finally, the appliances contributing the most to domestic electricity use include air-conditioners, fans,
fridges and freezers, televisions and lighting fixtures, with contributions differing from one category
of user to another. Policy implications including review of the appliances’ importations framework
and policies, and incentives for purchasing efficient appliances, design of more tailored policies,
considering the different backgrounds of the users, education enhancement on energy behaviours for
increasing energy efficiency/conservation, and implementation of DSM programs including load
levelling, load shifting and load reducing depending on the type of appliance for energy conservation
in the domestic buildings were derived. Overall, a large range of stakeholders of the electricity sector,
not only in the West African Economic and Monetary Union (UEMOA), but also in other regions and
countries sharing common characteristics should be interested in the results of this study.

Keywords: electricity consumption; end-use disaggregation; appliance ownership; behaviours and
patterns of use; bottom-up approach; urban households; Burkina Faso

1. Introduction

Demand and supply of electrical energy occur simultaneously most of the time [1].
This requires accurate knowledge of either the characteristics of the demand at the moment
of use or in advance for the prediction of the supply. In such a context, accurate and
extensive knowledge on users’ characteristics and patterns of use is of upmost importance.
Indeed, achieving accurate energy planning in on-grid/off-grid areas and sustainable use
of electricity require reliable, adequate and accurate data on patterns of use.

The residential sector is one of the sectors which uses the most electricity in the
worldwide, and especially in Africa [2]. In residential buildings, the purposes of electricity
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use mainly include lighting, space ventilation, heating and cooling, cooking and preserving
food, entertainment and communication, and home working [3,4]. On the one hand, the
direct drivers domestic electricity use are, therefore, recognised as appliances’ patterns of
use, power and ownership [5]. On the other hand, users’ behaviours and characteristics are
known to have a consistent (indirect) effect on electricity consumption [5]. For example,
different background and economic levels will not only lead to different ownership rates
of domestic appliances, but also different use behaviours [4,6]. Such features make the
residential sector a key target for energy efficiency/conservation and play an important
role in the transition to the sustainable use of electricity, especially for the African region [7].

Occupants’ behaviours alone are estimated to have an energy saving potential of
10–25% within residential buildings [8]. However, such potential remains particularly
theoretical in Sub-Saharan Africa, and especially in the West African region, as they are
still unexploited [9]. Among other things, the lack of accurate information about the users,
their behaviours and lifestyle, as well as the characteristics of the demand (patterns of
use, most contributing end-uses, etc.), limits the implementation of accurate policies and
strategies for the good management of electricity use in the region. It remains difficult to
find research on the characteristics of domestic electricity use and the implementation of
DSM/EE strategies for the optimisation of electricity use in the domestic residential sector.

While extensive literature exists on the three main aspects of domestic electricity
use (i. the understanding of its driving factors, ii. the analysis of its characteristics, and
iii. the interventions and strategies implemented for its management), in developed
countries [10–19], it remains hard to find a consistent body of literature on domestic
electricity use in developing countries, especially in the Sub-Saharan Africa region. Instead,
one of the most investigated fields in the literature about electricity in West Africa is about
“increasing access to electricity”, as like many other developing regions, it is amongst
the least electrified. Either through policy [20–22], strategies [23–25] or specific systems
implementation [26–28], the increase in access has been widely investigated in the electricity
literature in West Africa. However, for the same region, previous literature has also
demonstrated that relying only on increasing access to electricity does not guarantee the
sustainable future that all the electricity sector’s actors desire [29,30].

In short, it appears that good management of the use of electricity is of great im-
portance in West Africa, as first, good management could potentially avoid investing
large amounts of money in electricity generation projects. For example, de la Rue du Can
et al. [31] demonstrated that good implementation of energy efficiency can help offset
442 MW of generation-level demand, and therefore help guarantee energy access for an
additional 6 million rural customers. In addition, as electricity demand keeps increasing,
good management is indispensable to guarantee a sustainable future for the sector. Cleaner
production methods and efficient consumption are essential to limit the use of fossils fuels,
which are the main generating sources and are responsible for many environmental issues.

Finally, powering new consumers requires a design phase of the grid, especially
in remote areas, where the national grid is absent, making building mini-grids necessary.
Therefore, accurate information on the users’ patterns and behaviours is of great importance
to estimate, for example, the initial load, which is a critical task [32]. In fact, overestimating
the load profile will eventually jeopardise the profitability of the project due to extra costs,
while underestimating the demand will lead to issues regarding the reliability of provided
services and leaves the customers dissatisfied [32–35].

Overall, for the West African region, the few studies that are found on the character-
istics of electricity demand are concentrated in Ghana [36–39] and Nigeria [40–42]. For
example, a bottom-up approach (based on a technological-based top-down approach and
stock accounting model) was adopted by Diawuo et al. [37] to characterise and disaggregate
residential electricity use in Ghana. A total of 21 appliances were included in the study, with
9 scenarios investigated and tested from 2015 (the base year) and 2050. Findings suggested
that the individual consumptions (per household) in the residential sector will range from
588 to 1170 kWh per annum in Ghana by 2050. Appliances including lighting fixtures
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(CFL), fridges and freezers, air-conditioners, fans, televisions, electric irons and washing
machines, which accounted for 93% of the electricity demand in the Ghanaian residential
sector in 2015, will maintain their dominance in the electricity demand by 2050 (they will
still share 90% of the demand), with fridges expected to be the most consuming end-use.

Furthermore, the same authors [38] combined survey and end-use monitoring data from
80 households to assess the demand response (DR) potential of the domestic residential sector
in Ghana. Again, a bottom-up approach was used, but this time to develop aggregated
hourly load curves based on a modified end-use model. Through such a methodology, the
potential for peak demand reduction was investigated from 2018 to 2050, and the findings
showed that the potential for peak demand reduction varies between 65 and 406 MW, which
corresponds to 2–14% of the demand. As a consequence, economic viability for investment in
DR was retained, with a net value ranging between 28 and 645 million USD. Also, Adeoye and
Spataru [43] used information including household appliance stock, weather conditions, type
of day, available daylight hours and electrification rates to model hourly electricity demand
for 14 West African countries by 2030. Findings demonstrated higher use of electricity during
dry seasons compared to wet seasons. Also, the authors found that electricity demand will
increase by 5 fold in 2030 compared to that in 2016.

With such a summary of the literature, it appears that information on the actual
characteristics of domestic electricity use, and more specifically on patterns of use, is
quasi-inexistent in the West African region, especially in the West African Monetary and
Economic Union (UEMOA), either for the electricity utilities or in the scientific literature.
Therefore, the purpose of this study is to contribute to reducing the gap in research on
domestic electricity consumption in the region by unveiling the ownership rates, patterns
of use and electricity consumption of domestic appliances in urban households.

By addressing the following crucial research questions, this study not only bridges
the gap in current research but also provides invaluable assistance in decision making for
electricity sector actors. These questions are pivotal in predicting electricity demand in
domestic buildings, designing and implementing renewable energy systems, and tailoring
policies for energy efficiency in the residential sector:

• What are the different types of electric appliances and end-uses found in the urban
households of the UEMOA?

• What are electric appliances’ patterns of use, and to what extent do they and their
end-uses contribute to the urban domestic electricity demand in the UEMOA?

• What are the characteristics of the domestic residential electricity demand (load profiles
and total electricity consumption), and what are the effects of the seasonal variation
on them?

The structure of this paper is designed to deliver practical insights. Section 2 presents
this study’s materials and methods, providing a clear understanding of the research process.
Section 3 presents the results, while Section 4 discusses them in terms of comparison with
other studies, policy implications, and applications for future research. The conclusions
succinctly summarise the research’s critical findings, offering actionable recommendations
for the electricity sector in the UEMOA.

2. Materials and Methods
2.1. Study Area

Only one UEMOA country was chosen due to the available resources for the research
project, of which this study is a part. The country of Burkina Faso was chosen following a
previous analysis by the authors [30] of the level of electricity security within the UEMOA
countries, which are believed to share common characteristics [44]. Indeed, such an analysis
revealed many challenges in the electricity sector in Burkina Faso including high electricity
intensity, low affordability of electricity services and increasing dependence from exports [30].
In addition, along with Niger, Burkina Faso is in the top 20 countries with the lowest elec-
trification rates [45], meaning that the need of effective strategies and policies for increasing
access to electricity and ensuring its good management are key initial steps for the country.
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Also, in line with the context of the UEMOA, the residential sector represents the sec-
ond most consuming sector of the country (36% of the total electricity used). Furthermore,
according to the National Energy Efficiency Action Plan (PANEE) of Burkina Faso, the
building sector was identified as the sector with the highest energy efficiency (EE) potential,
accounting for 61% of the total identified potential for the country [46]. Domestic buildings
represent 37% of the EE potential for the overall buildings sector, meaning the sector ac-
counts for 23% of the total identified EE potential in Burkina Faso. Finally, regarding the
contribution of specific appliances, air-conditioners and refrigerators represent 9% and 11%
of the EE potential, respectively [46].

Burkina Faso was therefore chosen for its representativeness of the challenges within
the electricity sector in the UEMOA. Priority was given to urban areas that use 74% of
the total electricity used in the country [47] despite representing only 26.4% of the total
population. More specifically, the city of Ouagadougou, the capital and largest city of the
country was chosen because of its country’s urban areas representativeness of the urban
areas of the country. Also, it bears a variety of socio-economic, cultural and environmental
backgrounds. Indeed, Ouagadougou is home to 2,453,496 inhabitants, which corresponds
to a share of 45.4% with respect to the population in urban areas of the country [48]. Located
in the central region of the country, Ouagadougou consists of 12 districts and 55 sectors
(Figure 1). This location places the city in a zone in which the climate is of the Sudano-
Sahelian type, giving the atmosphere, a mainly dry and hot character. Three seasons can
be distinguished throughout the year: (i) the dry and cold season covering December to
February, (ii) the rainy season running from July to October, and finally the (iii) the dry
and hot season covering November and March to June [49]. The main characteristics of the
climate include an average relative humidity of 48.5%, rainfall varying between less than
50 mm and 200 mm and average monthly temperatures between 25 ◦C and 33 ◦C [49].

Energies 2024, 17, x FOR PEER REVIEW  5  of  42 
 

 

 

Figure 1. Map of Ouagadougou and its 12 districts (adapted from [50]). 

2.2. Research Design and Data Collected 

A consistent body of literature exists on Residential Electricity Consumption (REC) 

worldwide. Data collection methods that support the studies conducted in this sense are, 

most of the time, either survey based or monitoring based [51]. This research tries to be 

more accurate by combining the two methods. Data were provided, therefore, from a city-

wide  survey  conducted within  households  in Ouagadougou,  and were  then  supple-

mented with measured consumptions regarding domestic residential electricity. In this 

sense, meaningful analyses could be provided.   

The residential electricity end-use survey was designed after a consistent review of 

the literature on REC [51–54], as well as guides for conducting REC studies [55] and the 

nationally available references for comparison [56–58]. So far, this is the first large-scale 

city-wide household electricity consumption study undertaken, according to the authors, 

in Burkina Faso. 

2.2.1. Research Design 

One widely acknowledged definition of research design is “plans and the procedures 

for research that span the decisions from broad assumptions to detailed methods of data 

collection and analysis” [59]. Three types of design are most often employed in research: 

qualitative, quantitative, and mixed-methods research. Quantitative and qualitative tend 

to be seen as opposites or dichotomies. However, they should not, as they represent dif-

ferent ends on a continuum [60]. In this sense, mixed-methods research originates from 

the middle of this continuum as it consists of elements of both qualitative and quantitative 

approaches [59]. 

A mixed-methods design was conducted  to bridge  the gap  in current research on 

domestic electricity  in  the UEMOA by yielding a  comprehensive analysis of  city-scale 

electricity end-uses in Burkina Faso. A mixed-methods design is proper when either the 

quantitative or qualitative approach is inadequate to understand best a research problem 

Figure 1. Map of Ouagadougou and its 12 districts (adapted from [50]).

2.2. Research Design and Data Collected

A consistent body of literature exists on Residential Electricity Consumption (REC)
worldwide. Data collection methods that support the studies conducted in this sense are,
most of the time, either survey based or monitoring based [51]. This research tries to be
more accurate by combining the two methods. Data were provided, therefore, from a city-
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wide survey conducted within households in Ouagadougou, and were then supplemented
with measured consumptions regarding domestic residential electricity. In this sense,
meaningful analyses could be provided.

The residential electricity end-use survey was designed after a consistent review of
the literature on REC [51–54], as well as guides for conducting REC studies [55] and the
nationally available references for comparison [56–58]. So far, this is the first large-scale
city-wide household electricity consumption study undertaken, according to the authors,
in Burkina Faso.

2.2.1. Research Design

One widely acknowledged definition of research design is “plans and the procedures
for research that span the decisions from broad assumptions to detailed methods of data
collection and analysis” [59]. Three types of design are most often employed in research:
qualitative, quantitative, and mixed-methods research. Quantitative and qualitative tend
to be seen as opposites or dichotomies. However, they should not, as they represent
different ends on a continuum [60]. In this sense, mixed-methods research originates
from the middle of this continuum as it consists of elements of both qualitative and
quantitative approaches [59].

A mixed-methods design was conducted to bridge the gap in current research on
domestic electricity in the UEMOA by yielding a comprehensive analysis of city-scale
electricity end-uses in Burkina Faso. A mixed-methods design is proper when either the
quantitative or qualitative approach is inadequate to understand best a research problem
or the strengths of both quantitative and qualitative research can provide the best under-
standing [59], which is in our case here. Table 1 explains the design process and the reasons
for choosing the data collection methods.

Table 1. Framework of the research design: data needed for addressing the research questions and
methods/techniques used for its collection.

Research Question Data Collection Technique Type of Data Reason for Using the Approach

RQ1. What are the different types
of electric appliances and
end-uses found in the urban
households of the UEMOA?

• Energy Metering
• Administered and

self-reported survey
Quantitative

Create an objective database of
urban households’ electrical
appliances stock based on a
survey of a sample of urban
households in Burkina Faso.

RQ2. What are electric appliances’
patterns of use, and to what
extent do they and their end-uses
contribute to the urban domestic
electricity demand in
the UEMOA?

• Energy Metering
• Administered and

self-reported survey
• Unstructured interviews

Qualitative and quantitative

Create an objective database of
households’ characteristics and
behaviours and domestic
electricity consumption based on
a survey of a sample of urban
households in Burkina Faso.

RQ3. What are the characteristics
of the domestic residential
electricity demand (load profiles
and total electricity consumption),
and what are the effects of the
seasonal variation on them?

• Energy Metering
• Administered surveys
• Self-reported surveys
• Unstructured interviews

Quantitative

Create an objective database of
households’ characteristics and
behaviours and domestic
electricity consumption based on
a survey of a sample of urban
households in Burkina Faso.

The research sample size, a crucial aspect of our study, was meticulously calculated
as 384. This calculation took into account a 50% proportion (p), a margin of error (e), and
an interval of confidence (CI) of 5% and 95%, respectively. The number 384 was derived
from a thoughtful combination of the sample sizes from the 12 districts, with a proportional
relationship established between the total number of households in the districts and the
number of surveyed households in them.

For a comprehensive understanding of our research area, we employed a variety of
data collection methods. Questionnaires, due to their suitability for data gathering [61],
and their wide use in the REC studies [62], were the main method used. This included
administered and self-reported surveys, as well as unstructured interviews (See Table 1).
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To ensure an equal chance of selection for each household, random sampling was
used during the survey. However, the willingness and readiness of households were also
factors on which the participation of households depended. An effort was also made to
ensure that the sampling bears households demonstrating various economic levels and
backgrounds. Indeed, selection proceeded in the corresponding area of investigation (each
district) after a first screening to capture the backgrounds of the households present in
the area. Approbation from householders was subject to the following considerations:
presentation of an information sheet to participants (description of the content, scope and
objectives of the survey), obtaining permission from the participants, presentation of an
ID of the hosting institute to the participants by the researchers before starting interviews,
keeping confidential and securely storing the personal data of the participants.

After a survey pilot test in August 2021, 522 households were approached from Septem-
ber 2021 to February. A total of 387 accurate responses were recorded, leaving 135 rejections
and incomplete reports. This 74.1% participation rate is close to the 77.6% obtained on aver-
age in in-person interviews [62]. Indeed, 357 accurate responses were obtained during the
administered survey, while 30 were obtained through self-report surveys.

2.2.2. Data Collected

Figure 2 helps illustrate the structure of the data collected. Overall, the research was
designed to collect data, including household, dwelling, socio-economic characteristics,
appliance features, user behaviour, households’ daily life activities and other elements.
These elements were chosen as they characterise households’ behaviours and lifestyles
regarding the use of electrical energy. In addition, the electricity bills were collected from the
households for 2021 and were used to calculate the annual electricity use of the households
that participated in the survey.
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As can be seen in Table 2, surveyed households were mostly couples and families
with dependent children (61.5%), showing an average size of 6 people and mainly living
in owner-occupied (65.4%) and detached houses (57.6%), with an average of five rooms
per houses, demonstrating an average floor area of 101.5 m². Households showed monthly
incomes of up to 400,000 FCFA (662 USD), with responsible people (HRP) demonstrated to
be mostly 40 or older, working as full-time employees or in a personal business.

Table 2. Electricity use-activities conducted in the surveyed households and corresponding appliances.

Family Composition % Household Size %

Single 5.2 1 5.4
Simple couple 1.6 2 4.7
Others * 2.6 3 12.9
Couple with non-dependent children 1.8 4 16.8
Family with non-dependent children 0.5 5 16.3
Couple with dependent children 47.0 6 11.9
Single parent family 16.8 7 11.4
Family with dependent children 24.5 8+ 20.7

Age of the HRP (Years old) % Household monthly
income class (103 FCFA) %

Up to 28 7.5 Class G (up to 100) 10.3
29–39 18.6 Class F (100–250) 31.8
40–50 31.0 Class E (250–400) 25.8
51–61 22.7 Class D 400–550 13.2
62+ 20.2 Class C (550–700) 6.7

Class B (700–850) 3.9
Class A (850+) 8.3

Employment status of the HRP % Education level of the HRP %

Unemployed 4.4 Never attended school 12.4
Retired 15.8 Primary school 8.0
Part-time employee 3.6 Secondary school 33.3
Own business 31.8 University/College 46.3
Full-time employee 44.4

Floor area % Period of construction %

~50 23.5 ~1970 2.6
50–100 31.5 1970–1980 4.4
100–150 24.3 1980–1990 12.7
150–200 12.4 1990–2000 17.1
200+ 8.3 After 2000 63.3

Number of rooms % Construction type %

~2 15.8 Multi-family house 32.0
3–5 40.6 Apartment block 0.8
6–8 26.6 Semi-detached house 9.8
9+ 17.1 Detached house 57.4

Presence in the dwelling (hours/day) Mean Tenure type %

Presence in the living room for the day 12.03 Free rented 2.6
Daily presence in the living room 6.43 Privately rented 32.0
Presence in the bedroom for the day 11.74 Owner occupied 65.4
Other presence in the bedroom ** 2.44

*: People living together without any parental link (students living togheter, person renting togheter). **: Presence
in bedroom for activities else than sleeping (working, watching TV etc.).

Finally, households demonstrated an average presence in the dwelling of 12 h during
the day (24 h) for the living room, with a daytime presence of 6 h. For the bedrooms, an
average daily presence of 12 h was recorded, with a reported 2 h on average hours presence
in bedrooms for activities other than sleeping.
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2.3. Data Processing and Methodology

Instead of trying to predict the periodical behaviour of electricity demand, character-
isation describes its use patterns [1]. In this study, the dataset created from the survey’s
results was used to yield a comprehensive analysis of the patterns of use and electricity
consumption of domestic appliances. Energy monitoring is widely recognised as the most
accurate solution for energy consumption; however, its costly implementation and com-
plexity make it challenging to do so with large sample sizes [55,61]. Therefore, to identify
patterns of use and computing electricity consumption, this study uses more traditional
survey methods, which have also demonstrated effectiveness [63].

The general methodology used for conducting this study is given in Figure 3. From the
figure, it can be seen that use is first made of the survey to create a database of households’
energy behaviours, appliance stock, appliance use patterns and related activities (step 1). A
quantitative analysis of the data generated was (step 2) to define the type of appliances, to
identify their power, daily use periods and time of use, their unitary consumption cycle and
their standby features (power and households’ behaviours regarding standby consumption)
where applicable. The subsequent data are then used to generate a load curve for a typical
appliance in a household. This procedure is then continued for the n appliance end-uses,
which generate a household’s disaggregated total load profile (step 3). The previous (step 3)
is then repeated for the n households of the sample. It gives the disaggregated pattern
of use (load profile) of the domestic electricity demand as well as the disaggregated total
electricity consumption (TEC) for the overall sample (step 4). Following these steps, the
typical TEC of the end-uses were derived, and the breakdown of the sample’s TEC was
given per appliance (step 5).
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Figure 3. General methodology of this study.

Numerous typical appliances were revealed in the survey conducted within the house-
holds and were therefore included in this study (See Table A1). To investigate appliance
ownership in the households, two characteristics of the appliances were defined namely
saturation and ownership. Appliance saturation corresponds to the number of a typical
appliance per household, while appliance ownership (Equation (1)) refers to the share of
household that possess at least one of the typical appliance [51,64,65].

AOi (%) = ni × 100/No
i (1)

Sati = ni/N (2)
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With AOi referring to the ownership rate of an appliance i, Sati to the saturation of
an appliance i, ni to the total number of the appliance I, No

i to the number of households
owing one or more appliances i, and N to the total number of households in the sample.

As in situ recordings were not possible, the product-based measurements [42] was
used for the appliances features: based on the recorded appliances’ characteristics in the
survey (age, model, capacity, size and brand), features and power ratings of the appliances
were measured in retail stores or collected from standard products in the market [53].

For the patterns of use of appliances, period of use of each appliance recorded in the
households were recorded from the participants for each of the three seasons of the year
indicated previously (dry and hot, rainy and dry and cold). Patterns of occupancy and
activities conducted within different periods of the day were also determined based on
discussion with the participants. As it can be seen in Figure 4, this helped to define in the
context of this study, six types or categories of appliances that correspond to households’
daily life activities: lighting, information, communication and entertainment (ICE), cooling,
cooking and preserving food, standby use and others.
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Figure 4. End-uses or daily life activities involving electrical appliances.

From the obtained patterns of use of the electricity demand (load profiles), four charac-
terising electrical parameters were used [15]: the maximum demand (DMD) and its occurring
period (ToU), the daily load factor (DLF) and the total electricity consumption (TEC).

• The TEC

As given in Equation (3). The TEC corresponds to a defined period electricity con-
sumption [1]. Such information is of great importance as it is the one widely used for
computing domestic users’ electricity bills.

TEC = ∑n
k=1 ∑m

t=1 Pk
t (3)

• The DMD

From the load profile, the DMD which is given in Equation (4), is a measure of the
average maximum value that the demand (kW) can reach over a defined period. Such
a parameter, which is of great importance for both users and utility services, helps to
characterise the load profiles’ shape. The DMD is very good, not only for load forecasting,
but also for demand-side management programs including demand response-based ones.

DMD =
1
n∑n

k=1 Max
{

Pk
t , 1 ≤ t ≤ m

}
(4)
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• The DLF

From the load profile, the DLF is given in Equation (5). Such a parameter assesses
the ratio between the maximum and mean demands. As a characteristic of the shape of
the load profile, the DLF is a measure of the “Peakiness” of the load profile [15]. Large
values of DLF imply great use of electricity in short periods during the day, while small
values correspond to a more balanced use of electricity. Again, this parameter is of great
importance for the DSM programs implementation.

DLF =
1
n∑n

k=1
∑m

t=1 Pk
t

Max
{

Pk
t , 1 ≤ t ≤ m

} (5)

• The ToU

From the load profile, the ToU is given in Equation (6). It indicates the period of the
day at which the maximum regularly occurs. Such a parameter reflects the period at which
households tend or will use the most electricity [15]. It is therefore an important parameter
for both the utility services and the users and for the implementation of DSM programs.

ToU = Mode
{

Max
{

Pk
t , 1 ≤ t ≤ m

}
, 1 ≤ k ≤ n

}
(6)

For Equations (3)–(6), n refers to the corresponding number of days for which the
demand is computed, and for a day, m is the number of periods and Pk

t is the hourly
averaged demand (kW).

Using these parameters, patterns of use of the investigated appliances and the overall
demand were given and analysed by type of day (weekends and weekdays) for the three
aforementioned seasons. Breakdown of the overall electricity demand by type of appliance
and type of activity were also given for the three investigated seasons and overall.

Finally, as a result of analyses of the existing relations between households’ electricity
consumption and their behaviours and characteristics, the literature on domestic elec-
tricity use have demonstrated the possibility of categorising or segmenting customers,
with respect to their characteristics and behaviours. Both quantitative [10,13,66–68] and
qualitative [67,69,70] approaches were demonstrated to be possibly used depending on
the purpose of the studies. In this study, use was made of the “thirds” method consisting
of using the sorted (in ascending order) electricity demand (the TEC) of the households
to group them into three categories of consumers namely the thirds. Such a method is
common to a very wide range of previous studies [12,13,71,72] and was therefore, used in
our study for having (among other things) elements of comparison with previous literature.
The first group of consumers was named the “low consumers”, the second as the “medium
consumers”, and the last as the “high consumers”. In this study, the sizes of the groups
were 129 households.

The objective of studying the users by category was to unveil characteristics of the
domestic electricity use that may be hidden behind studying that of the whole day, given
the size of the surveyed sample. Different groups of users were expected to imply different
backgrounds, different characteristics and behaviours, and therefore different patterns of
use for the domestic electricity use, that are necessary for design and implementation of
more adapted and accurate policies based on the results of the research in the UEMOA.

3. Results
3.1. Groups of Consumers

Table 3 shows the annual electricity consumptions of the three user groups as well
as the overall sample. On average the medium consumers used more than twice the
electricity used by the low consumers, while the high consumers used more than twice the
electricity used by the medium consumers and slightly less than 5-fold more than the low
consumers. For the overall sample, it is evident that electricity consumption (mean and
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standard deviation) is primarily driven by the high consumers. This confirms the relevance
of forming such groups of consumers for the analysis.

Table 3. Descriptive statistics of electricity consumption for the three groups of consumers and the
overall sample.

Statistics (kWh) Low Consumers
(kWh)

Medium Consumers
(kWh)

High Consumers
(kWh)

Overall Sample
(kWh)

Mean 870 1976 4339 2395
Standard deviation 252 465 1406 1687
Minimum 181 1252 2862 181
Maximum 1250 2862 10,188 10,188

3.2. Characteristics of the Households’ Appliance Stock

Table 4 gives the ownership and saturation rates of appliances. A total of 23 appliances
were found as the average appliance stock of the participant households. The most common
appliances were lighting fixtures for all user groups, followed by fans and television sets.
Fans had ownership rates of between 95% for low consumers and 100% for high consumers,
with an average of 2.29 fans per household. Furthermore, the saturation of fans is high for
all user groups. Televisions also had high ownership with 91% of the users owning at least
one television. Satellite receivers, which are primarily used simultaneously with TVs had
the highest ownership (96%) among high consumers, while low consumers demonstrated
the lowest rates. Fridges had ownership rates of more than 50% for all groups of users.
Appliances such as laptops, freezers and air-conditioners showed various ownership and
saturation rates depending on the consumer group.

Table 4. Appliance ownership and saturation rates for the three groups of consumers.

Appliances
Low Consumers Medium Consumers High Consumers

Ownership (%) Saturation Ownership (%) Saturation Ownership (%) Saturation

Indoor Lighting fixtures 100 4.60 100 8.29 100 13.19
Outdoor Lighting fixtures 95 1.35 98 2.24 100 3.95
Television 91 1.00 98 1.40 100 1.78
Satellite receiver 70 0.74 89 1.12 96 1.49
Desktop 2 0.02 9 0.12 29 0.36
Laptop 29 0.38 55 0.86 82 1.64
Radio 19 0.19 22 0.25 22 0.26
DVD/VCR 3 0.04 5 0.06 13 0.14
Sound System 14 0.16 11 0.12 29 0.36
Game console 2 0.02 2 0.02 22 0.26
Wi-Fi router 1 0.02 3 0.03 25 0.25
Printing machine 0 0.00 0 0.00 10 0.11
Fridge 55 0.57 85 1.02 94 1.21
Freezer 2 0.02 9 0.09 37 0.40
Kettle 5 0.05 5 0.05 23 0.25
Blender 5 0.05 14 0.14 33 0.34
Microwave/Oven 2 0.02 7 0.07 42 0.47
Irons 16 0.16 23 0.25 45 0.49
Washing machine 0 0.00 1 0.01 7 0.07
Electric Stove 0 0.00 3 0.03 4 0.08
Humidifier 2 0.02 1 0.01 5 0.05
Air-conditioner 2 0.02 22 0.26 73 1.62
Fans 95 2.29 97 4.09 100 6.64
Others * 2 0.02 1 0.02 5 0.08

* Other non-common devices found in the households including sports devices, wood piercer, tailoring machine,
piano, etc.
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3.3. Patterns of Use of Domestic Appliances

Households were asked to indicate for each season the daily period of use of each
appliance in their home, the activity conducted, and their occupancy patterns. These data
were used to generate patterns of use of domestic appliances for the households.

Figures 5–7 show the patterns of use (during high use periods) for the most commonly
owned appliances. Patterns of use for other appliances are not presented in the figures but
are discussed below.
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From Figures 5a, 6a and 7a for the weekday patterns of use, it is evident that lighting
use demonstrates two peaks, with the first occurring at 05:00, corresponding with the
period at which people wake up for preparing to go to their activities (work or school).
After that, indoor light use stabilises at approximately slightly less than 20% up to 16:00.
This percentage likely reflects households that want to avoid the penetration of dust in
their rooms and therefore close blinds/curtains and keep on their indoor lights. After
16:00, lighting use increases corresponding with the progressive return of people to their
homes. Most schools, private and public offices and businesses close between 16:00 and
18:00. Use keeps increasing until a second peak period between 18:00 and 20:00. During
this period of time, people are at home, performing various evening activities in many
rooms. Finally, lighting use starts dropping after 20:00 with people starting to go to bed.
It is notable that a significant proportion of households keep their lights on during the
night until 05:00. An almost identical pattern of use can be observed during the weekend
(Figures 5b,c, 6b,c and 7b,c), with a generally higher use amongst the high consumers.

Patterns of use of fans during weekdays (Figures 5a, 6a and 7a) demonstrated two
peaks. The first peak occurs from 12:00 to 14:00 depending on the group of users, which
corresponds with a period at which some householders who stay home during the daytime,
and/or who return home for midday breaks turn on fans due to the very hot temper-
atures during the dry and cold seasons. The second peak occurs from 23:00 to 01:00
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following a consistent increase during the evening when most householders are home,
and some already starting to go to bed with fans turned on. During the night period
(23:00 to 05:00), fan use stabilises at approximately 90% as householders leave them on to
sleep due to the high temperatures. The same patterns are evident during the weekend
(Figures 5b,c, 6b,c and 7b,c); however, the proportion of use is greater due to more people
being at home. Air-conditioners displayed an almost identical use pattern as fans, albeit
with fewer users at the operating times for the high consumers (Figure 7a–c). Low con-
sumers demonstrated an almost exclusive night use of air-conditioners (Figure 5a–c), while
for medium consumers (Figure 6a–c), air-conditioning use peaks at midnight after a very
low use during the daytime.
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appliances for the medium consumers.

Use of televisions on weekdays and weekends also had two peaks for all consumer
groups. The first peak occurs at approximately 12:00 to 14:00, which relates to the use
of TV sets by home living users or those coming from a break at midday. Between 19:00
and 21:00, a period at which most occupants are home watching TV programs, the second
peak is recorded. During the night, with people going to sleep, the fraction of users drops
considerably until approximately 08:00 as people watch TV whilst doing their morning
chores. The same patterns are recorded during the weekend, although with an increased
number of users as presence at home and willingness of using the televisions are higher
during this type of period.

Patterns of use of refrigerators indicate a commonly unceasing use for all types of
days and groups of users (Figures 5–7). At least 60% of users leave their refrigerators
on during the night. This proportion increases in the morning at approximately 07:00,
with a stable shape until 16:00 and a slight increase until 20:00. This can be explained
by households turning on their fridges for dinner purposes. For the high consumers
refrigerators are on almost continuously for all households. At night, some households
turn off their refrigerator as some people prefer to only use them when needed and also
think that they will save some energy by doing so.
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Figure 7. Weekdays (a) and weekend (Saturday (b) and Sunday (c)) patterns of use of most common
appliances for the high consumers.

The variety existing among the behaviours of the users was the main influencing
factor of the other appliance usage patterns. For instance, while some households prefer
a once-a-week frequency of use for the iron (for preparing all the clothes for use during
the week), some prefer a daily use: use it in the morning for preparing the daily clothes
before going to their activities. Microwaves and stoves are used exclusively to cook: not
only in the morning for example for re-heating yesterday’s food, but also in the evening for
cooking dinners. Kettles are used mostly during morning activities for making tea/coffee.
However, kettles are also used in the evening for cooking purposes and making hot drinks.
Desktop computers demonstrated almost the same patterns of use as laptops. Most of the
participants owning a washing machine prefer to use it at a once-a-week frequency. Wi-Fi-
routers had an almost unceasing use throughout the day. DVD/VCR, sound systems, radios
and game consoles demonstrated higher use during weekends. Overall, daily appliance use
increases at weekends primarily the result of more people being at home. Finally, a range
of other appliances, referred to in this paper as “others”, for example, working machines
(tailoring machines, wood piercers), sports devices and electronic pianos, demonstrated an
average time of use of 3.8 h/day.

3.4. Characteristics of Domestic Electricity Demand and Contributions of End-Uses
3.4.1. Electricity Demand in the Dry and Hot Season

Figures 8–10 present the households’ disaggregated electricity demand for weekdays,
Saturday and Sunday in the dry and hot season. Two main peak demand periods emerge for
the weekday electricity demand (Figures 8a, 9a and 10a). The first occurs at approximately
midday (12:00–14:00) for the three groups of users, while the second occurs in the evening
(19:00–20:00) for the low and medium consumers and late in the evening for the high
consumers (22:00). The demand of the second peak is approximately 3-fold higher than
the first. The same patterns are mostly evident for the electricity demand on Saturday and
Sunday (Figures 8b,c, 9b,c and 10b,c).



Energies 2024, 17, 3656 15 of 39

Energies 2024, 17, x FOR PEER REVIEW  16  of  42 
 

 

3.4. Characteristics of Domestic Electricity Demand and Contributions of End-Uses 

3.4.1. Electricity Demand in the Dry and Hot Season 

Figures 8–10 present  the households’ disaggregated  electricity demand  for week-

days, Saturday and Sunday in the dry and hot season. Two main peak demand periods 

emerge for the weekday electricity demand (Figures 8a, 9a and 10a). The first occurs at 

approximately midday (12:00–14:00) for the three groups of users, while the second occurs 

in the evening (19:00–20:00) for the low and medium consumers and late in the evening 

for the high consumers (22:00). The demand of the second peak is approximately 3-fold 

higher than the first. The same patterns are mostly evident for the electricity demand on 

Saturday and Sunday (Figures 8b,c, 9b,c and 10b,c). 

 

Figure 8. Disaggregated electricity demand of the low consumers in the dry and hot season (week-

days (a), Saturday (b) and Sunday (c)). 

From the patterns, it can be seen that cooling appliances account for the most signif-

icant proportion of the daily electricity demand, especially for the high consumers. This 

is understandable as during the dry and hot season, daytime temperatures reach values 

higher than 40 °C and 30 °C in the evening and night. It can be seen that fans and ACs are 

used mostly in the evening and throughout the night, but also from midday to early af-

ternoon. The two cooling appliances together also account for the largest contribution to 

demand during the recorded peak periods. For example, on average fans and ACs repre-

sent approximately 24% of  the demand  for  low and medium  consumers and approxi-

mately 65% for high consumers during the main peak period. However, the night period 

(0:00–5:00) is the period of the highest contributions from the cooling loads. At night, ACs 

and fans share, on average, 82% of the demand for high consumers and 71% and 75% for 

the low and medium consumers. The contribution of AC is higher than fans for high con-

sumers, whilst the opposite is true for low and medium consumers.   

Figure 8. Disaggregated electricity demand of the low consumers in the dry and hot season (weekdays
(a), Saturday (b) and Sunday (c)).

From the patterns, it can be seen that cooling appliances account for the most signifi-
cant proportion of the daily electricity demand, especially for the high consumers. This
is understandable as during the dry and hot season, daytime temperatures reach values
higher than 40 ◦C and 30 ◦C in the evening and night. It can be seen that fans and ACs
are used mostly in the evening and throughout the night, but also from midday to early
afternoon. The two cooling appliances together also account for the largest contribution to
demand during the recorded peak periods. For example, on average fans and ACs represent
approximately 24% of the demand for low and medium consumers and approximately 65%
for high consumers during the main peak period. However, the night period (0:00–5:00)
is the period of the highest contributions from the cooling loads. At night, ACs and fans
share, on average, 82% of the demand for high consumers and 71% and 75% for the low
and medium consumers. The contribution of AC is higher than fans for high consumers,
whilst the opposite is true for low and medium consumers.

Other major loads in the dry and hot season include TV sets, food-preserving appli-
ances (fridges and freezers) and lighting. The evening peak (19:00–20:00) demand second
main contributors for the high consumers, and the first for the low and medium consumers
are the lighting fixtures and TV sets. Second major contributors of the (12:00–14:00) first
peak demand period for all groups are the food-preserving appliances, with TV sets domi-
nating the load at this period for low and medium consumers and cooling loads dominating
for the high consumers. The maximum contribution of food-preserving appliances to over-
all demand occurs in the morning to midday period with a share up to 60%, 65% and 70%
for three groups, respectively. This time period corresponds to when most householders
are absent or not doing activities involving many appliances, and therefore continuously
on appliances, such as food-preserving appliances, account for a greater amount of the
total demand.
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Table 5 gives the demand-characterising parameters for the dry and hot season for
both the overall sample and the normalised demand for the three groups of consumers.
(The overall demand is divided by the total number of households in the sample for having
a picture of the average consumption per household in a scenario of each home having the
studied appliances.) It can be noticed that for all groups of consumers, the DMD, DLF and
TEC demonstrated higher values during the weekend. The ToU as previously analysed,
showed various values depending on the group of consumers. Finally, the DLF was 46%
to 50% for the low consumers, and much higher for the medium and high consumers,
suggesting that potential for energy conservation/DSM is higher for low consumers.

Table 5. Dry and hot season electricity demand-characterising parameters for the three groups of
consumers.

Parameters
Weekdays Saturdays Sundays

Overall Normalised Overall Normalised Overall Normalised

Low consumers

DMD (kW) 35 0.27 35 0.27 35 0.27

ToU (hour) 20:00 20:00 20:00 20:00 20:00 20:00

TEC (kWh) 384 0.99 422 1.09 422 1.09

DLF (%) 46 46 50 50 50 50

Medium consumers

DMD (kW) 67 0.52 70 0.54 274 0.70

ToU (hour) 20:00 20:00 19:00 19:00 19:00 19:00

TEC (kWh) 879 2.27 946 2.44 949 2.45

DLF (%) 55 55 57 57 57 57

High consumers

DMD (kW) 173 1.34 179 1.38 179 1.38

ToU (hour) 22:00 22:00 00:00 00:00 00:00 00:00

TEC (kWh) 2292 5.92 2479 6.41 2485 6.42

DLF (%) 55 55 58 58 58 58

3.4.2. Electricity Demand in the Rainy Season

Figures 11–13 display the three groups of consumers’ electricity demand patterns for
the rainy season. Three main peak demand periods can be identified for each group. The
first occurs early in the morning, the second at midday, and the last early in the evening.
On weekdays (Figures 11a, 12a and 13a), the first peak occurs during the 05:00–06:00
period depending on the group of consumers. The second peak occurs at approximately
12:00–13:00, with a greater load than the first peak by up to 8% on weekdays and 55%
during the weekend, depending on the group of consumers. The last peak occurs early
in the evening (19:00–20:00), with the load being up to 3-fold higher than that of the
two first peak loads. Patterns recorded on the weekends (Figures 11b,c, 12b,c and 13b,c)
are almost the same; however, the demand is higher due to more people being at home
using appliances.

In the rainy season, cooling appliances do not account for the majority electricity
demand, especially for low and medium consumers. The daily contribution to demand
drops considerably (on average by up to 15 fold) compared to the dry and hot season.
However, high consumers’ daily demand primary contributors were still the cooling
appliances, especially in the night (00:00 to 05:00), representing, on average, up to 61% of
the nocturne load. The reduction in cooling loads is understandable as during the rainy
season, temperatures are generally less, between 20 ◦C and 36 ◦C.
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(a), Saturday (b) and Sunday (c)).
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TV sets and lighting fixtures consist of the three peak periods’ major contributors.
Lighting fixtures are the low and medium consumers’ first (05:00–06:00) peak demand
period highest contributors, and account for up to 45% of the demand. Cooling loads were
the highest load for high consumers. Lighting was followed by food-preserving (26%)
and cooling appliances (18%) for medium consumers, whilst this was food-processing
appliances and other appliances like irons for low consumers.

Lighting, with a share of up to 39% of the demand, was the major load of the third
peak during both weekdays and weekend for all consumer groups. In addition, lighting
was the highest load during evenings (18:00 to 00:00), accounting for an average of up
to 43% of the demand. In evenings and during the third peak periods, TVs shared up to
33% of the electricity demand. TVs consumed up to 45% of the demand in low consumers’
households during the second peak. TV sets are followed both on weekdays and weekends
by food-preserving and cooling appliances, which shared up to 30% of the demand.

Another notable contribution to end-use electricity demand was the standby electricity
consumption (SEC). SEC had its highest values of electricity demand during the early
afternoon until early evening (14:00 to 18:00). During this period, SEC accounted for 23%,
24% and 13% of the three groups’ demands. During this time period, householders are
typically either away from home or doing activities, including naps. As a result, households
that are not aware of SEC tend to leave their appliances in standby mode. It should be
noted that this behaviour of leaving appliances on standby has also been observed among
78.5% of households who say they are aware of SEC [73].
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Figure 13. Disaggregated electricity demand of the high consumers in the rainy season (weekdays
(a), Saturday (b) and Sunday (c)).

Table 6 gives the demand-characterising parameters for the rainy season. DMD and
TEC recorded slight increases during the weekend with respect to weekdays. For all the
three parameters, DLF, TEC and DMD, lower values were recorded with respect to that of
the dry and hot season. The same ToU (19:00) was, however, recorded for all days. Finally,
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the smaller DLF, with respect to the dry and hot season suggests the presence of more small
intervals with high electricity, and therefore a greater potential for DSM implementation.

Table 6. Rainy season electricity demand-characterising parameters for the three groups of consumers.

Parameters Weekdays Saturdays Sundays
Overall Normalised Overall Normalised Overall Normalised

Low consumers

DMD (kW) 26 0.20 26 0.20 26 0.20

ToU (hour) 19:00 19:00 19:00 19:00 19:00 19:00

TEC (kWh) 218 0.56 236 0.61 236 0.61

DLF (%) 35 35 38 38 38 38

Medium consumers

DMD (kW) 51 0.39 52 0.40 52 0.40

ToU (hour) 19:00 19:00 19:00 19:00 19:00 19:00

TEC (kWh) 481 1.24 494 1.28 494 1.28

DLF (%) 40 40 40 40 40 40

High consumers

DMD (kW) 100 0.79 100 0.77 100 0.77

ToU (hour) 19:00 19:00 19:00 19:00 19:00 19:00

TEC (kWh) 1156 2.99 1213 3.13 1218 3.15

DLF (%) 48 48 51 51 51 51

3.4.3. Electricity Demand in the Dry and Cold Season

Figures 14–16 present the dry and cold season electricity demand patterns of use.
Three peak demand periods were recorded, with the first occurring early in the morning
(06:00–07:00). This peak is more visible due to the very low cooling load during this season.
Compared to the dry and hot and rainy seasons, the demand in the dry and cold season is
up 2-fold lower for all three consumer groups. In addition, the average night-time load
that was driven by the use of cooling appliances, drops by 2 and 5 fold compared to the
rainy and dry and hot seasons for both the weekdays and weekends. The second peak
occurs at midday (13:00–14:00). The third peak occurs early in the night (19:00 to 20:00),
with a load 4-fold higher than the previous two peaks. The third or evening peak therefore
characterises the residential sector’s peak load.

In the dry and cold season, the major loads of the peak periods were food-preserving
appliances, TVs and lighting. Lighting accounted on average for 42%, 50% and 54% of the
electricity demand for the high, low and medium consumers, respectively, at the first peak
(05:00–06:00). This is followed by food-preserving appliances which also had a high share of
the demand up to 17%, 25% and 34% for the three groups, respectively. For the second peak
(12:00 to 13:00), TVs were the main load for the low and medium consumers contributing,
on average, for up to 45% of the demand for all types of days. For high consumers, food-
preserving appliances were the highest load, with a share of approximately 37%, followed
by TVs, which share 27% of the demand. For all groups of consumers, lighting dominated
the third peak load (19:00–20:00), accounting for 40%, 36% and 29% of the average demand
in low, medium and high consuming households for the two types of days. This was
followed by TVs, with a share of demand up to 34%, for the low consumers demonstrating
a higher use of TVs compared to the two other groups of consumers.

Other loads showed variety in the contributions to electricity demand (between 0%
and 33%), with microwaves kettles and irons dominating other appliances. With respect to
the rainy season, SEC accounted for a higher share of total demand, reaching its maximum
contribution of up to 26% in the middle of the afternoon (15:00–16:00) on the weekends.
Low consumers demonstrated the highest shares overall for the SEC.



Energies 2024, 17, 3656 21 of 39

Energies 2024, 17, x FOR PEER REVIEW  22  of  42 
 

 

DMD (kW)  51  0.39  52  0.40  52  0.40 

ToU (hour)  19:00  19:00  19:00  19:00  19:00  19:00 

TEC (kWh)  481  1.24  494  1.28  494  1.28 

DLF (%)  40  40  40  40  40  40 

High consumers 

DMD (kW)  100  0.79  100  0.77  100  0.77 

ToU (hour)  19:00  19:00  19:00  19:00  19:00  19:00 

TEC (kWh)  1156  2.99  1213  3.13  1218  3.15 

DLF (%)  48  48  51  51  51  51 

3.4.3. Electricity Demand in the Dry and Cold Season 

Figures 14–16 present  the dry and cold season electricity demand patterns of use. 

Three peak demand periods were recorded, with the first occurring early in the morning 

(06:00–07:00). This peak is more visible due to the very low cooling load during this sea-

son. Compared  to  the dry and hot and rainy seasons,  the demand  in  the dry and cold 

season is up 2-fold lower for all three consumer groups. In addition, the average night-

time load that was driven by the use of cooling appliances, drops by 2 and 5 fold compared 

to the rainy and dry and hot seasons for both the weekdays and weekends. The second 

peak occurs at midday  (13:00–14:00). The  third peak occurs early  in  the night  (19:00  to 

20:00), with a load 4-fold higher than the previous two peaks. The third or evening peak 

therefore characterises the residential sector’s peak load. 

 

Figure 14. Dry and cold season’s disaggregated electricity demand of the low consumers (weekdays 

(a), Saturday (b) and Sunday (c)). 

Figure 14. Dry and cold season’s disaggregated electricity demand of the low consumers (weekdays
(a), Saturday (b) and Sunday (c)).

Energies 2024, 17, x FOR PEER REVIEW  23  of  42 
 

 

In the dry and cold season, the major loads of the peak periods were food-preserving 

appliances, TVs and lighting. Lighting accounted on average for 42%, 50% and 54% of the 

electricity demand for the high, low and medium consumers, respectively, at the first peak 

(05:00–06:00). This is followed by food-preserving appliances which also had a high share 

of the demand up to 17%, 25% and 34% for the three groups, respectively. For the second 

peak (12:00 to 13:00), TVs were the main load for the low and medium consumers contrib-

uting, on average, for up to 45% of the demand for all types of days. For high consumers, 

food-preserving appliances were  the highest  load, with a share of approximately 37%, 

followed by TVs, which share 27% of the demand. For all groups of consumers, lighting 

dominated the third peak load (19:00–20:00), accounting for 40%, 36% and 29% of the av-

erage demand in low, medium and high consuming households for the two types of days. 

This was  followed by TVs, with a share of demand up  to 34%,  for  the  low consumers 

demonstrating a higher use of TVs compared to the two other groups of consumers. 

Other loads showed variety in the contributions to electricity demand (between 0% 

and 33%), with microwaves kettles and irons dominating other appliances. With respect 

to the rainy season, SEC accounted for a higher share of total demand, reaching its maxi-

mum contribution of up to 26% in the middle of the afternoon (15:00–16:00) on the week-

ends. Low consumers demonstrated the highest shares overall for the SEC. 

 

Figure 15. Disaggregated electricity demand of the medium consumers in the dry and cold (week-

days (a), Saturday (b) and Sunday (c)). 

Table 7 gives the electricity demand-characterising parameters. With respect to the 

dry and hot and rainy seasons, the ToU remained almost the same (19:00 to 20:00), while 

both the TEC and DMD had lower values.   

Figure 15. Disaggregated electricity demand of the medium consumers in the dry and cold (weekdays
(a), Saturday (b) and Sunday (c)).



Energies 2024, 17, 3656 22 of 39

Table 7 gives the electricity demand-characterising parameters. With respect to the
dry and hot and rainy seasons, the ToU remained almost the same (19:00 to 20:00), while
both the TEC and DMD had lower values.

Table 7. Dry and cold season electricity demand-characterising parameters for the three groups of
consumers.

Parameters Weekdays Saturdays Sundays
Overall Normalised Overall Normalised Overall Normalised

Low consumers

DMD (kW) 25 0.19 25 0.19 25 0.20

ToU (hour) 19:00 19:00 19:00 19:00 19:00 19:00

TEC (kWh) 195 0.50 220 0.57 220 0.57

DLF (%) 35 35 37 37 36 36

Medium consumers

DMD (kW) 46 0.35 48 0.37 48 0.37

ToU (hour) 19:00 19:00 19:00 19:00 19:00 19:00

TEC (kWh) 382 0.99 422 1.09 422 1.09

DLF (%) 35 35 37 37 37 37

High consumers

DMD (kW) 89 0.69 91 0.70 91 0.70

ToU (hour) 19:00 19:00 19:00 19:00 19:00 19:00

TEC (kWh) 772 2.00 862 2.23 867 2.24

DLF (%) 36 36 40 40 40 40
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Finally, the DLF, which was up to 36% and 40% on weekdays and weekends, re-
spectively, suggests the presence of more small intervals with high electricity use in the
dry and cold season than in the two other seasons, and therefore a greater potential for
DSM implementation.

3.5. Appliance Electricity Consumption and Residential Electricity Breakdown

Descriptive statistics of the recorded annual electricity consumption from bills (TECR)
compared to the theoretical annual electricity consumption (TECT) are given in Table A4. It
was found that for individual households, TECT, in some cases, was underestimated and
others overestimated. This can be explained by differences between actual and reported
values for average use times and because appliances are usually not operated at their total
load capacity. The highest difference between TECT and TECR was 8.8%, for the medium
consumers, which was considered acceptable to undertake the electricity breakdown. To
confirm the insignificance of the differences found, a One-Way ANOVA was performed
between the two consumptions as given in Tables A5 and A6. Finally, all the statistical test
were performed in the data supporting this study in [5].

Table 8 presents individual appliances’ average annual electricity for each consumer
group. Two type of annual electricity consumption were calculated for the appliances. The
first (TEC1) corresponds to the average electricity consumption when considering the total
number of households in the group, while the second (TEC2) was computed considering
only the number of households owning the corresponding appliance. This way, the real
intensity of use of the studied appliances could be assessed accurately.

Table 8. Annual electricity consumption of the domestic appliances.

Appliances
Low Consumers Medium Consumers High Consumers

TEC1 (kWh) TEC2 (kWh) TEC1 (kWh) TEC2 (kWh) TEC1 (kWh) TEC2 (kWh)

Indoor lighting fixtures 123.2 123.2 200.2 200.2 302.3 302.3
Outdoor lighting fixtures 74.7 78.0 159.4 159.4 297.5 297.5
Television 146.0 160.9 248.4 254.4 411.6 411.6
Satellite receiver 47.7 68.4 55.3 59.8 67.6 70.4
Desktop 6.4 276.6 18.9 203.3 72.7 253.6
Laptop 17.3 60.2 44.8 81.4 69.0 83.9
Radio 2.9 15.8 4.1 18.3 7.20 32.1
DVD/VCR 0.9 30.0 1.1 20.0 2.40 18.5
Sound system 24.7 176.9 11.0 101.2 65.2 221.5
Game console 3.3 211.6 1.8 75.8 33.4 153.7
Wi-Fi router 0.7 96.4 2.3 74.3 23.9 96.4
Printing machine - - - - 20.3 201.5
Fridge 152.0 276.2 369.0 432.7 611.2 651.6
Freezer 5.0 324.7 40.5 435.5 254.9 684.9
Kettle 5.3 97 6.8 145.5 33.8 145.6
Blender 2.8 59.3 8.3 59.3 22.5 67.6
Microwave/Oven 0.8 36.5 4.7 66.9 32.7 78.1
Irons 12.1 78.3 22.6 97.2 32.3 78.5
Washing machine - - 0.0 0.0 12.1 173.0
Electric Stove - - 34.0 1095.0 63.7 1642.5
Humidifier 6.1 264.0 1.8 226.3 16.7 307.1
Air-conditioner 5.8 372.1 196.8 906.7 1490.0 2044.8
Fans 184.2 194.8 349 267.0 456.2 456.2
Standby load 10.2 10.7 22.9 23.1 39.8 39.8
Others 7.2 310.3 5.1 657.0 17.9 330.1

The main consuming appliance for the high consumers was AC with an electricity
consumption of 1490 kWh per annum, followed by fridges, fans, TVs, indoor and outdoor
lighting and freezers. For the medium consumers, fridges were the most consuming
appliance with an average annual electricity use of 369 kWh, followed closely by fans
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(346 kWh) and then TVs, indoor lighting, AC and outdoor lighting. A similar picture was
noticed for the low consumers, except that the most consuming appliances were fans and
AC had a much lower electricity use compared to medium and high consumers. Standby
consumption accounted for 10.2 kWh, 22.9 kWh and 39.8 kWh per annum in low, medium
and high consuming households.

A similar tendency emerged, when considering only the number of households own-
ing a specific appliance (TEC2). However, appliances such as electric stoves, humidifiers,
desktops, printing machines, game consoles and sound systems emerged as being used
more intensively in reality than what is showed when considering all the number of
households in the group.

In the following analyses, the breakdown of annual TEC is given by appliance type,
activity and season. The breakdown consists of the following appliances: ACs, fans, TVs
sets (televisions and satellite receivers), refrigerators (fridges and freezers), and lighting
fixtures (indoor and outdoor) as they were identified as the main contributors to domestic
electricity use.

Table 9 shows the three groups seasonal and yearly TEC breakdowns. For the dry and
cold season, ACs (45%) in high consuming and fans (37.2% and 27.9%) in low and medium
consuming households account for the highest demand. Following these appliances are
refrigerators for all consumer groups and then the lighting fixtures for low and medium
consumers and fans for the high consumers. As a consequence, cooling, with a share of
58% of the demand, is the most electricity consuming activity of the dry and hot season.
Following are the cooking and preserving food (up to 24.4%) for all groups of consumers.
Other activities showed shared between 0.6% for SEC and 20.2% for ICE.

Table 9. Consumers groups seasonal and yearly TEC breakdowns (%).

Type of Period Dry and Hot

Type of Group Low Consumers Medium Consumers High Consumers

Appliances (%)

Air-conditioners 1.2 17.1 45.3
Fans 37.2 27.9 12.5
Refrigerators 19.5 22.3 18.1
TV sets 15.3 11.2 6.7
Lighting fixtures 17.5 14.1 9.0
Others 8.1 6.6 7.8
SEC 1.1 0.8 0.6

Activities (%)

Cooling 39.0 45.1 58.0
Cooking and preserving food 20.3 24.4 20.4
ICE 20.2 14.5 11.0
Lighting 17.5 14.1 9.0
Others 1.9 1.1 1.0
SEC 1.1 0.8 0.6

Type of period Rainy season
Type of group Low consumers Medium consumers High consumers

Appliance (%)

Air-conditioners 0.0 3.0 19.5
Fans 3.9 8.9 7.9
Refrigerators 19.5 23.4 20.4
TV sets 29.9 24.3 16.4
Lighting fixtures 31.6 26.2 18.1
Others 14.3 12.2 16.3
SEC 0.8 2.0 1.4

Activities (%)

Cooling 4.9 12.0 27.9
Cooking and preserving food 20.9 27.3 25.0
ICE 39.2 30.4 25.7
Lighting 31.6 26.2 18.1
Others 2.6 2.0 2.0
SEC 0.8 2.0 1.4
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Table 9. Cont.

Type of period Dry and cold season
Type of group Low consumers Medium consumers Low consumers

Appliance (%)

Air-conditioners 0.0 0.0 1.7
Fans 0.9 2.3 3.6
Refrigerators 17.2 23.1 23.9
TV sets 29.8 25.6 19.7
Lighting fixtures 34.1 32.1 26.4
Others 15.8 15.0 23.0
SEC 2.2 1.8 1.6

Activities (%)

Cooling 2.0 2.5 6.0
Cooking and preserving food 18.8 27.9 30.7
ICE 39.4 33.2 32.4
Lighting 34.1 32.1 26.4
Others 3.6 2.5 2.9
SEC 2.2 1.8 1.6

Type of period Whole year
Type of group Low consumers Medium consumers High consumers

Appliance (%)

Air-conditioners 0.7 10.9 33.4
Fans 22.4 19.1 10.2
Refrigerators 19.1 22.7 19.4
TV sets 21.5 16.7 10.7
Lighting fixtures 24.0 20.0 13.4
Others 11.0 9.3 11.9
SEC 1.2 1.3 0.9

Activities (%)

Cooling 23.8 30.2 44.0
Cooking and preserving food 20.2 25.7 22.8
ICE 28.4 21.4 17.3
Lighting 24.0 20.0 13.4
Others 2.4 1.5 1.5
SEC 1.2 1.3 0.9

During the rainy season, lighting closely followed by TVs are the most consuming
appliances for the low and medium consumers. Refrigerators followed by ACs share the
biggest percentages of the demand for high consumers. The ICE activity was demonstrated
to be the highest demand activity for both low and medium consumers. For high con-
sumers, cooling remained as the most consuming activity, followed by ICE and cooking and
preserving food. SEC raised to 2% of total electricity demand for the medium consumers.

Lighting was the main appliance demand in the dry and cold season for all consumer
groups, with a share of up to 34.1% of the demand. For the two first consumers, TVs (up to
29.8% of the demand) followed lighting, while for high consumers, refrigerators were the
second most consuming appliance. ICE and lighting were therefore the most consuming
activities during the dry and cold season. An increase in SEC was observed in this season
with a share of up to 2.2%.

Finally, for the overall annual breakdown of TEC, cooling dominated other activities within
the high and medium consumers, accounting alone for 44% and 30.2%, respectively. ICE,
with a share of 28.4% was the highest consuming activity for low consumers. For the two last
consumers, cooking and preserving food (up to 25.7% of the demand) was the second greatest
consuming activity, whereas for low consumers this was lighting. Other activities accounted for
up to 2.4% of the demand and SEC for approximately 1% for all consumer groups.

4. Discussion and Policy Implications
4.1. Comparison with Other Studies
4.1.1. Appliance Ownership and Time of Use

Tables 10 and 11 give a comparison between this study and other studies in the
literature on urban areas in terms of appliance ownership and saturations. On the one
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hand, as for this study (Burkina Faso), high ownerships rates can be noticed for indoor and
outdoor lighting, fans, television, and fridges (Table 10) in developed countries such as the
United States (U.S.) and in developing ones such as Ghana, India, Malaysia and Pakistan.
Only Colombian households demonstrated very little ownership of cooling appliances
including fans and AC. These appliances can, therefore, be considered the basics for the
appliances stock of urban households. On the other hand, appliances like laptop, iron
and freezer demonstrated lower ownership within urban households of Burkina Faso and
Ghana (except for the iron) with respect to the other countries, while appliances including
washing machines are almost rare within Burkina Faso households.

Table 10. Ownership rates (%) of common appliances in comparison with other urban survey studies.

Appliances Ghana [51]
(n = 60, 2019)

USA [74]
(RECS, 2020)

Pakistan [75]
(n = 523, 2021)

India [76]
(n = 41, 2023)

Malaysia [77]
(n = 214, 2020)

Colombia [4]
(n = 708, 2023)

Burkina Faso
(n = 387, 2021)

Outdoor lighting 94.4 100.0 100 100 100 100 97.7
Indoor lighting 100.0 100.0 100 100 100 100 100.0
Laptop 45.3 74.6 - 70.7 91.6 - 55.3
Rice cooker 31.4 13.4 - - - -
Microwave/oven - 46.5 70.1 -
Iron 84.4 - 100 85.5 - 36.0 27.9
Satellite receiver 39.4 73.9 - - 73.4 - 85.0
Electric boiler 4.3 - 66 - - - -
Kettle 37.6 - - - - - 11.1
Washing machine 27.7 84.2 99 88.1 98.1 29.3 2.6
Television 98.1 96.9 99 97.7 100 85.1 96.1
AC 23.6 88.2 37 68.4 78.5 6.5 32.0
Fan 84.2 100.0 100 100 100 6.5 97.2
Freezer 25.6 33.3 - - 10.3 - 16.0
Fridge 80.6 99.5 98 - 100 85.6 78.0
Blender - 26.7 - - - - 17.3
Electric stove - 53.0 29 7.42 46.3 - 2.3
Desktop - 40.8 85 - - - 13.4
DVD/VCD - 59.2 - - - - 7.2
Game player - 34.4 - - 30.4 - 8.5
Humidifier - - - - - - 2.8
Print/scan machine - 64.3 - 39.0 - - 3.4
Radio - - - - - 21.2
Sound system - 24.8 - - - - 18.1

n corresponds to the sample size.

Table 11. Saturations rates (%) of common appliances in comparison with other urban survey studies.

Countries Malaysia [78]
(n = 400, 2020)

Ghana [51]
(n = 60, 2019)

Libya [54]
(n = 429, 2015)

Indonesia [52]
(n = 210, 2017)

USA [74]
(RECS, 2020)

Burkina Faso
(n = 387, 2021)

Outdoor lighting - 3.17 - - - 4.34
Indoor lighting 1.18 11.01 - - - 8.70
Microwave/oven 0.44 0.40 0.97 0.11 1.00 0.19
Rice cooker - 0.33 - 1.04 - -
Iron - 0.85 0.75 1.00 - 0.30
Satellite receiver - 0.49 - - 1.15 1.12
Electric boiler - 0.05 - - - -
Kettle - 0.38 - - - 0.12
Washing machine 0.96 0.33 0.77 0.72 - 0.03
Television 0.93 1.40 1.75 1.33 2.25 1.39
AC 0.59 0.33 - 0.50 - 0.63
Fan 1.52 1.76 - 1.64 2.77 4.34
Freezer - 0.26 0.58 - 0.37 0.17
Fridge 0.99 1.03 0.98 1.06 1.34 0.93
Blender - - - 1.13 - 0.18
Electric stove 0.99 - 0.38 0.04 0.48 0.04
Desktop - - 0.84 0.35 0.51 0.17
DVD/VCR - - 0.47 0.46 0.74 0.08
Game player - - 0.28 0.20 0.48 0.10
Humidifier - - - - - 0.03
Radio - - - - - 0.23
Sound system - - 0.21 - 0.29 0.21
Print/scan machine - - - - 0.75 0.04

n corresponds to the sample size.

Surveyed households demonstrated higher values for the saturation of outdoor light-
ing than the urban Ghanian households (Table 11), while indoor lighting showed the
opposite tendency. Fans, televisions, and satellite receivers also demonstrated higher val-
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ues, with at least 1 unit per household for the urban residences of this study. The same
results were found for fans, fridges and televisions in other countries such as Malaysia,
Indonesia, Libya, Ghana and the U.S. Some other appliances like microwaves, rice cookers,
irons, and blenders showed a saturation of close to one within the U.S. and Indonesian
households, respectively. The other appliances showed varied and minimal values for the
saturations in this study as well as in this study.

In terms of studies that involve classification into groups of consumers, Table 12 shows
the comparison between this study’s results and results on Colombian households. On the one
hand, ownership of lighting, televisions, and fridges/freezers revealed similarities between
households belonging to the three groups of consumers, except a much less ownership of
fridges within the group of low consumers in this study (Burkina Faso). On the other hand,
ownership of cooling appliances demonstrated much lower rates within all the three groups
of consumers for Colombian households, while Burkina Faso households showed much lower
rates for appliances including blenders sound systems, irons and washing machines.

For the appliances’ daily usage, the findings of this study for essential appliances like
televisions, fridges, fans and A.C.s are similar to some of the other studies. Figure 17 shows
that fridges are operated all day within urban households in Vietnam [53] and al-most all day
(23.3 h) in Indonesia [52]. For this study, the daily usage of fridges is close to those values
(21.7). On the other hand, daily use of weather-related appliances such as fans and A.C.s
is higher in Burkina Faso urban residences than in Indonesia, while A.C.s are used more in
Vietnam. Television is used for at least almost 6 h in the three countries, with more significant
usage in Indonesia (9.3) than in Burkina Faso (7.7) and Vietnam (5.8). For the other appliances,
laptops are used slightly higher in Vietnam, while electric stoves, desktops and DVD/VCD
devices are used more in Burkina Faso, and iron is higher in Indonesia.

Table 12. Ownership rates (%) of common appliances among groups of consumers in comparison
with that of groups of consumers formed within Colombian households.

Appliances
Low Consumers Medium Consumers High Consumers

Burkina Faso Colombia [4] Burkina Faso Colombia [4] Burkina Faso Colombia [4]

Lighting 100 100 100 100 100 100
Fridge/Freezer 57.0 96.3 85.0 98.8 94.0 99.0
Televisions 91.0 75.7 98.0 94.6 100 90.6
Blender 5.0 79.0 14.0 85.9 33.0 90.6
Sound system 14.0 63.9 11.0 83.9 29.0 73.0
Iron 16.0 44.3 23.0 59.7 45.0 61.1
Washing machine 0.0 29.7 1.0 42.3 7.0 37.9
Fan 95.0 19.6 97.0 37.4 100 36.9
Computer 2.0 2.7 9.0 8.2 29.0 12.9
AC 2.0 2.0 22.0 7.9 73.0 12.1
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4.1.2. Electricity Demand Patterns of Use and Characteristics

Findings for the domestic electricity demand patterns of use demonstrated two peaks
for the dry and hot season and three peaks for the rainy and dry and cold seasons. During
the dry and hot season, the first peak occurs at approximately 12:00 to 13:00 depending
on the group of consumers, with cooling appliances, namely fans and ACs contributing
the most (up to 43%) of the demand. The second peak, which corresponds to the main
peak load of the overall residential sector, occurs from 19:00 to 20:00, especially for the
low and medium consumers. Again, cooling loads contribute most of the demand (up to
34%). However, households with AC, primarily the high consumers, showed a notable
particularity of having their main peak in demand at midnight, when the cooling appliances
were most in use. During the night, cooling loads dominated the electricity demands for
all groups. Two daily Peaks period were also recorded in the summer season by Trotta
et al. [79] who formed four clusters of Denmark households. However, peaks were recorded
in the morning (07:00–08:00) and late in the afternoon (16:00–17:00). The same patterns
were recorded by Sun et al. [80] for the weekday electricity demand of Irish households
clustered into five groups, with the main peak of the two occurring early in the evening
(18:00–19:00).

Daily TEC of this study demonstrated values ranging from 1.0 to 6.42 kWh, which
are lower than that found by Trotta et al. [79] for the Danish households. However, DMDs
of between 190 and 1380 W that were recorded, with values generally higher during the
weekends, are higher than that (280–800 W) for the studied Danish households [79]. The
DLF demonstrated values ranging from 46% for the low consumers to 58% for the high
consumers. Notably, the low consumers had the lowest values for the DLF, therefore
suggesting more potential for the implementation of DSM/EE initiatives.

During the rainy season, three peaks were recorded in the hourly load profiles regard-
less of the type of day and group of consumers. The first peak occurs at approximately
05:00 to 6:00 depending on the group of users, with lighting appliances (up to 41% of the
load), and more specifically indoor lighting, accounting for the majority of the demand.
Lighting fixtures were followed by either cooling or food-preserving appliances depending
on the group of consumers. The second peak occurs, during the 12:00 to 13:00 period, with
this time TV sets (up to 50%) and food-preserving appliances (up to 29%) dominating the
load. Finally, the third peak, occurs at 19:00. At this time, the most contributing end-uses
were the lighting appliances (up to 38%) and TV sets (up to 34%). For the characteristics of
the demand, mean daily TEC of between 0.56 and 3.15 kWh were calculated for the groups
of consumers, with a mean DMD of up to 770 W and a DLF of up to 51%, suggesting more
potential for demand reduction compared to the dry and hot season.

Such findings are similar to those of Sakah et al. [51] for Ghanaian households, who
found that peaks occur in domestic electricity demand at 05:00 and 20:00, respectively,
with the peak in the evening being the main peak load of the residential electricity sector.
Furthermore, for the contributions of the loads, they also found that lighting fixtures were
the main contributors for the two peaks, as they shared, respectively, up to 25% and 26% of
the total demand during the two peaks. Trotta et al. also find three peaks for the electricity
demand in Danish households, with the first occurring in the morning (07:00–08:00), the
second at almost midday (10:00–11:00), and the third very late in the afternoon (17:00–18:00).
However, values recorded for the daily TEC were 4-fold higher than that of this study.

The dry and cold season showed very similar patterns of use as the rainy season, with
three peaks occurring at approximately 05:00 to 06:00, 12:00 to 13:00 and 19:00. During the
periods of the three peaks, the same main contributors were almost recorded, as lighting
fixtures demonstrated the greatest share for the first (up to 63%) and third (up to 40%)
peaks, while TV sets (up to 54%) were found as the main contributors of the second peak.
For the characteristics of the demand, mean daily TEC of between 0.19 and 2.25 kWh were
computed for the three groups of consumers, with a mean DMD of up to 700 W and a
DLF of up to 40%, suggesting more potential for demand reduction compared to the two
previous seasons for all groups of consumers.
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4.1.3. Appliance Electricity Consumption and Contribution to Electricity Demand

The annual electricity demand was estimated for each of the three groups of consumers
as 822.47 kWh, 1802.58 kWh and 4459.97 kWh, respectively, for the low, medium and high
consumers. Comparison of the current results with those in the literature is shown in
Table A3. It can be seen that electricity consumption in previous studies is generally
2-fold greater than that in the current study. On the seasonal consumption, Table 13
also shows higher values for Indian urban households in comparison with those of this
study. Low consumers among Indian households using 2- to 4-fold higher amounts of
electricity that those of Burkina Faso households, with the rainy and the dry and cold
seasons demonstrating larger differences. The same tendency was also found among the
medium consumers. However, high consumers demonstrated higher values for this study
during the summer season, due most likely to the extensive use of cooling appliances.

Table 13. Yearly and seasonal total electricity consumptions (TEC) compared to that of the Indian
urban households.

Type of Consumers
Whole Year (kWh) Summer (kWh) Rainy/Monsoon (kWh) Winter (kWh)

B. Faso
(2021)

India [76]
(2023)

B. Faso
(2021)

India [76]
(2023)

B. Faso
(2021)

India [76]
(2023)

B. Faso
(2021)

India [76]
(2023)

Low consumers 822.47 2169 469.2 931 211.28 792 141.99 532
Medium consumers 1802.58 3870 1068.35 1725 458.52 1294 275.71 903
High consumers 4459.97 5618 2789.51 2043 1110.54 1848 559.91 1465

Summer and winter seasons correspond to the dry and hot and the dry and cold seasons for this study.

These computed annual electricity consumptions were up to 8.78% higher than that
recorded from the bills, with the values of the medium consumers showing this highest
difference. A breakdown of the demands was performed to understand the most contribut-
ing appliances and activities throughout the year. Air-conditioners (33.4%) emerged as
the most contributing appliances to the overall annual demand for the high consumers,
followed by food-preserving appliances (19.4%), lighting fixtures (13.4%), others (12%), TV
sets (10.7%) and fans (10.2%). For the low and medium consumers, the most consuming
appliances were lighting fixtures (24%) and food-preserving appliances (22.7%). Finally,
standby electricity consumption (SEC), if it was an appliance or an activity, was found to
account for 1% of the demand, suggesting an opportunity for demand reduction.

As a consequence of the high contributions of fans and ACs to electricity demand,
the most consuming activity within the medium and high consumers was cooling with
a share of up to 44% of the annual electricity consumption. This was followed mainly
by cooking and food-preserving (up to 26%), information–communication–entertainment
(ICE: up to 21.4%) and lighting (up to 24%) activities. Such findings are in line with
those of Le and Pitts [53] who found that cooling consisted of the primary end-use of
Vietnamese households (43%), followed by food-preserving and cooking (23%) and lighting
(11%) activities. However, other activities (16%) demonstrated a higher contribution than
ICE (8%). Also, Sakah et al. [51] found cooling to be the primary activity for Ghanaian
households, with a share of 33%. However, lighting emerged as the second consuming
activity in their study with a 23% share of TEC, followed by food-preserving and cooking
(19%). ICE and other activities accounted for 13% of TEC. Furthermore, Amber et al. [75]
also found an average electricity consumption of 2 487 kWh per annum for the urban
households in Pakistan, with AC (up to 41%) and fans (up to 22%) making cooling the
most consuming activity. Lighting (up to 15%), televisions (up to 7%) and Fridge (up
to 14%), were the second main contributors of the demand, in line with the findings of
this study. Finally, our findings are also in line with those of Diawuo et al. [37] who
found that the major appliance end-uses in the Ghanian electricity demand were lighting
fixtures (CFL), fridges and freezers, air-conditioners, fans, televisions, electric irons and
washing machines.
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4.2. Policy Implications and Applications for Research

This study unveiled ownership rates, patterns of use and electricity consumption of
appliances in urban households of Burkina Faso in the West African Monetary Union. Three
types of consumers were investigated including low, medium and high consumers. Results
revealed high ownership of appliances including televisions, lighting fixtures, fans, fridges
and laptops within urban households of Burkina Faso, which can be considered as basic
appliances of the households in such a country. Appliances including irons, desktop, AC,
microwaves, demonstrated lower ownership and saturation, while other lasting including
washing machines, electric stoves, printing machines were almost rare, specially within
low consumers. Indeed, the purchasing power of households in such a country, due to
the economic level, is low. Such lower purchasing power is even combined with the
characteristics of the actual appliances present in the households. Indeed, old and low
energy performances and high-power type of these appliances are still present, and in
combination to high electricity prices of the electricity, such situation do not encourage
household with higher economic capabilities to purchase these types of appliances. Review
of the appliances’ importations framework and policies, and incentives for purchasing
efficient appliances can be implemented to start addressing such low ownership.

Also, findings underline therefore the diversity in characteristics and behaviours of
the users of domestic electricity and their influence on its patterns of use. This implies
the need of designing more tailored policies, considering the different backgrounds of the
users. Education on energy behaviours should also be enhanced for increasing energy
efficiency/conservation. As this study demonstrated that medium and high consumers
are more “comfort” oriented, while low consumers are more “essential (lighting) and
entertainment” oriented, these end-uses could be targeted for maximum impact. For
example, education and information could be enhanced to avoid increasing SEC in future
for the low consumers, while DSM programs including load levelling could be implemented
as a priority for high consumers.

As for the overall sample, the findings for the different types of users suggest lower
use of electricity among households in Burkina Faso compared to other households in
the world. The main contributors of such a demand were revealed, which are important
information for the implementation of strategies or programs aiming at load peak and
overall demand reduction. Indeed, results show that the main consuming appliances
of the domestic electricity sector include ACs, fans, TV sets, fridges and freezers and
lighting appliances while main consuming end-uses/activities include cooling, cooking
and food-preserving, information–communication–entertainment and lighting. While DSM
programs including load levelling, load shifting and load reducing could be implemented
depending on the type of appliance for energy conservation in the domestic buildings, other
specific strategies could be used for typical appliances including the cooling appliances,
when planning for future increases in electricity demand and opportunities for energy
efficiency. Alternatives including enhancement of the building’s envelopes’ performances
through a reduction in heat can be considered. However, to date, it remains hard for people
to afford the proposed solution, especially for low-economic-level people who share a big
amount within the population. Added to this are the considerations of people about the
materials and technologies, the low elements of research on their effectiveness [81,82]. Also,
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, 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 in the
systems’ performance. Further policies and initiatives, possibly including incentives, need,
therefore, to be considered and implemented by the government.

Overall, a large range of stakeholders of the electricity sector, not only in the West
African Economic and Monetary Union (UEMOA), but also in other regions and countries
sharing common characteristics should be interested in the results of this study. It should
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significantly help to understand current patterns of use of the residential electricity demand.
In this sense, such findings should interest the utility services for not only the planning of
the demand on existing electrical networks, but also planning the creation of new networks.
Furthermore, implementation of DSM strategies such as demand response programs, as
well as the integration of renewable sources, which are currently considered as unstable on
the grid, can be enhanced due to the improved knowledge of the patterns of the demand.
Also, patterns of use revealed by this study could be used by renewable systems designers
for designing systems like wind/PV systems where applicable for households in the region.
Finally, data unveiled could be the entry data for new demand-side solutions: rooftop
distributed photovoltaics, and peer-to-peer trading, which show great potential not only
for deep decarbonisation in the residential sector, but also for a reduction in household
electricity bills [83,84].

4.3. Limitations of This Study and Future Research

To contribute to reducing the gap in research on domestic electricity consumption in
the West African region, this study unveiled information on the characteristics of the domes-
tic residential electricity demand. However, the findings are limited by some constraints
given as follows:

First, the sample size remains low despite the computed number reached. Indeed, such
a number was computed as a compromise between the resource available and precision.
As a result, this leads to low sub-sample sizes used for the identification of the type of
consumers of domestic electricity use. This can raise some concern about the representa-
tiveness of the findings. Future research should consider bigger sample sizes to not only to
assess the results of this study but also enhance the scale of the research by including rural
areas of the region.

Second, reported information by households is subjected to potential biases. Indeed,
as the unveiled patterns and electricity demand characteristics were given relying on
the reported information by the households, underestimation and overestimation could
have been observed in the calculations of patterns of use, appliance characteristics and
operation modes, etc. Also, even after giving their permission to participate in the survey,
some households may have felt observed, leading to a difference between reported and
real usage patterns and behaviours. Future research should, therefore, proceed to in situ
measurements as much as possible, starting with the presence of individual appliance
patterns of use and consumption in dwellings.

Finally, despite the underlined limitations of this study, its findings still stand. First,
this study consists of a benchmark or forthcoming studies in terms of the information
provided. Valuable insights are provided on the stock of domestic appliances, their patterns
of use, and electricity consumption, and the policy implications as well as research applica-
tions for a large range of stakeholders of the electricity sector in the West African region.

5. Conclusions

In this study, data collected from 387 households in Ouagadougou, Burkina Faso were
used to provide insights into the patterns of use and electricity consumption of domestic
appliances in the West African Economic and Monetary Union. The key findings of this
study and the responses to the research questions can be synthesised as follows:

• Research question 1: What are the different types of electric appliances and end-uses
found in the urban households of the UEMOA?

To answer this research question, this study makes use of the results of city-scale
study in the city of Ouagadougou, Burkina Faso. The survey revealed the existence of
23 main appliances in the stock of appliances of the urban households of Burkina Faso.
These appliances include lighting fixtures, televisions, satellite receivers, desktops, lap-
tops, radios, DVD/VCR, sound systems, game consoles, Wi-Fi routers, printing machines,
fridges, freezers, kettles, blenders, microwaves/ovens, irons, washing machines, electric
stoves, humidifiers, air-conditioners, fans and others which include various working and
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housekeeping appliances. With such appliances, five end-uses were created based on
the activities of the households and their use of electrical appliances: lighting, cooking
and preserving food, cooling, others, information–communication–entertainment (ICE).
Appliances like lighting fixtures, televisions, fans, fridges and laptop demonstrated much
higher ownership and saturation. They were, therefore, identified as the basic appliances in
urban households. Other appliances including freezers, ACs, desktop, irons, microwaves,
blenders and kettles demonstrated lower ownership and saturation, while those like wash-
ing machines, electric stoves, DVD/VCRs, and printers were almost rare, most likely due
to the economic level of the households. Findings were found in line other studies in the
literature on residential electricity use, especially in the global south.

• Research question 2: What are electric appliances’ patterns of use, and to what extent
do they and their end-uses contribute to the urban domestic electricity demand in
the UEMOA?

To answer this research question, this study makes use of the database created from
the survey results on the appliances, their reported characteristics and patterns of use,
and the characteristics and behaviours of the users. Findings demonstrated that fridges
and fridges are operated at an almost unceasing rate (21.1 h/day), while other common
appliances like fans (10 h/day), televisions (8 h/day), and lighting fixtures (8 h/day) also
demonstrated varied but high use within the day. Except from the humidifiers, desktop
and laptops, other appliances showed short operating times, with use of less than 1 h/day.
Periods of operations of the appliances depended on the behaviours of the users, which
were varied. However, basic appliances had similar operating periods for all consumers,
with lighting from the evening to the next morning, televisions mainly in the evening and
ACs and fans during the evening and the night. Contributions of end-uses to the total
electricity consumption (TEC) demonstrated that depending on the user and the season
of the year, the main electricity consuming appliances in the domestic electricity sector
were ACs (up to 45.3%), fans (up to 37.2%), TV sets (up to 29.9%), fridges and freezers
(up to 24.3%) and lighting appliances (up to 34.1%), while the main consuming activities
include cooling (up to 58%), cooking and preserving food (up to 30.7%), information–
communication–entertainment (up to 39.2%) and lighting (up to 34.1%).

• Research question 3: What are the characteristics of the domestic residential electricity
demand (load profiles and total electricity consumption), and what are the effects of
the seasonal variation on them?

Three groups of consumers, namely low, medium and high consumers, were created
based on their level of electricity use. The group of low consumers consist of households
using a mean of 891 kWh per annum, the medium consumers using 1976 kWh per annum,
and high consumers using 4339 kWh per annum. Patterns of use of domestic electricity
were investigated for the whole year and three seasons—the dry and cold, the dry and
hot and the rainy seasons. They revealed three general peaks in demand for the three
groups, one occurring in the morning at approximately 05:00 and 06:00, depending on
the season, the second occurring at approximately midday (12:00 to 13:00), and the third,
which corresponds to the main peak domestic electricity demand, at approximately 19:00
in the evening. Four parameters, namely the total electricity consumption (TEC), the daily
maximum demand (DMD), the daily load factor (DLF), and the maximum demand period
(ToU), were used to characterise the domestic electricity demand. Results showed that
depending on the user group and season of the year, the average TEC per household
ranges from 0.50 to 6.42 kWh, the average DMD from 0.19 to 1.38 kW, and the DLF
from 35 to 58% with the dry and cold season demonstrating the highest potential for
DSM/EE implementation.
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Abbreviations
AC Air-Conditioner
DLF Daily Load Factor
DMD Daily Maximum Demand
DSM Demand-Side Management
HVAC Heating, Ventilation and Air-Conditioning
ICE Information, Communication and Entertainment
REC Residential Electricity Consumption
SEC Standby Electricity Consumption
Std. Dev Standard Deviation
TEC Total Electricity Consumption
ToU Time of maximum demand Use
TV Television

Appendix A

Tables A1 and A2 give the characteristics of the appliance stock as well as the recorded
nominal power of the investigated appliances.

Table A1. Characteristics of the appliance stock (number) of the households investigated in this study.

Appliances
Ownership Minimum Mean Maximum Std. Dev

Indoor lighting 1 8.70 40 5.96
Outdoor lighting 0 2.51 12 1.85
Fans 0 4.34 24 3.03
Television 0 1.39 8 0.89
Satellite receiver 0 1.12 8 0.80
Fridge 0 0.93 4 0.66
Laptop 0 0.96 8 1.17
Air-conditioner 0 0.63 9 1.23
Irons 0 0.30 3 0.51
Radio 0 0.23 3 0.49
Sound system 0 0.21 4 0.49
Blender 0 0.18 2 0.39
Microwave/oven 0 0.19 2 0.43
Freezer 0 0.17 2 0.41
Desktop 0 0.17 4 0.49
Kettle 0 0.12 3 0.34
Wi-Fi router 0 0.10 3 0.32
Game consoles 0 0.10 3 0.36
DVD/VCR player 0 0.08 2 0.31
Printing machine 0 0.04 2 0.20
Humidifiers 0 0.03 1 0.17
Washing machines 0 0.03 1 0.16
Electric stoves 0 0.04 6 0.34
Others * 0 0.04 3 0.25

*: other appliances found in the houses including piano, piercer, tayloring machine etc.
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Table A2. Nominal power of the investigated appliances.

Name of the Appliance Options Unitary Power of Use (W) Unitary Standby Power (W)

Television Screen size ≤ 32” 52 8
32” < Screen size ≤ 40” 93 8
40” < Screen size ≤ 65” 125 5
Screen size > 40” 196 5

Satellite receiver Type 1 18 16
Type 2 20 4
Type 3 6 0.15

Ballast fluorescent lighting fixtures 0.6 m 25 -
1.2 m 45 -

Compact fluorescent lighting fixtures - 28 -
LED lighting fixtures 0.6 m 9 -

1.2 m 18 -
Bulb 15 -

Others lighting fixtures - 75 -

Fridge Capacity ≤ 100 L 64 0.6
100 L < capacity ≤ 200 L 96 0.6
100 L < capacity ≤ 300 L 111 1.0
Capacity > 300 L 121 1.0

Freezer Capacity ≤ 100 L 68 0.6
100 L < capacity ≤ 200 L 125 1.0
100 L < capacity ≤ 300 L 162 1.0
Capacity > 300 L 305 1.0

Fan Ceiling 42–70 * -
Movable 42 -

Air-conditioner Type 1 656 -
Type 2 921 -
Type 3 1302 -
Type 4 1828 -
Type 5 2220 -

Desktop - 200 25
Laptop - 60 2
Radio - 15 6
DVD/VCR - 43 4
Sound system - 57 8
Wi-Fi router - 11 5
Game console - 150 7
Printing machine - 400 10
Irons - 200 -
Blender - 125 -
Kettle - 1500 2
Humidifier - 150 -
Microwave/oven - 980 1
Washing machine - 800 3
Electric stove - 1500 -

* Depends on the speed at which the fan is used.

Appendix B

Table A3 presents the results of established groups of consumers of this study in com-
parison with other similar studies groups of consumers, while Table A4 shows comparison
between recorded and theoretically computed annual electricity use for the three groups
of consumers.
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Table A3. Comparison of this study’s three electrical demand groups formed with those in previously
reported studies.

Location Sample Size Demand Group
Range of Values (kWh)

Mean Values (kWh)
Min Max

Hyderabad and Jaipur (India:
2023) [72] 41

Low - - 2169
Medium - - 3870

High - - 5618

National Census
(UK: DECC 2011) [85] 20,851,507

Low 10 2480 1568
Medium 2481 4310 3339

High 4311 25,000 6850

Leicester (UK: 2009) [13] 315
Low 259 2543 1735

Medium 2554 4041 3232
High 4048 25,587 6588

This study: Ouagadougou 2021
(Burkina Faso) 387

Low 181 1250 870
Medium 1252 2862 1976

High 2862 10,188 4339

Table A4. Comparison between the recorded (obtained from the bills) annual electricity consumption
(TECR) and the theoretical annual electricity consumption (TECT).

Statistics TECR (kWh) TECT (kWh) Difference * (%)

Low consumers 870 822 5.45
Medium consumers 1976 1803 8.78
High consumers 4339 4460 2.79

*: The differences are given without signs (+/−) consideration.

Table A5. Results of the Levene, Welch and Brown–Forsythe (robust) tests for assessment of the
homogeneity of variance between the TECT and the TECR.

Test Statistics Df1 Df2 Significancy

Levene 12.672 1 772 0.000
Welch 0.253 1 715 0.615
Brown–Forsythe 0.253 1 715 0.615

Table A6. Results of one-way ANOVA test for assessment of significance differences between the
TECT and the TECR.

Sum of Squares Df Mean Square F-Statistic Significancy

Between groups Combined 10.056 × 106 1 10.056 × 106 0.253 0.615
Linera term Contrast 10.056 × 106 1 10.056 × 106 0.253 0.615

Within groups 30.681 × 108 772 39.742 × 105 - -
Total 30.691 × 108 773 - -
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