


Evaluation of the energy efficiency potential of household residential lighting in a city: the case of the city of Koudougou
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ABSTRACT

	Energy efficiency is one of the priorities of the current political agenda. There are very few countries in which no objective has been set in terms of energy savings, energy consumption, and reduction of greenhouse gas emissions. However, these declarations of intent are not always followed by concrete actions due to the lack of adequate data for developing indicators to monitor energy consumption. It is within this framework that we initiated this study, whose main objective is to assess the energy efficiency potential of domestic lighting by focusing on four energy management actions denoted EC1, EC2, EC3, and EC4. To carry out this study, surveys (direct interviews) were conducted with households in order to collect data on lighting consumption. The results show an overall potential of 7,299.64 kWh, which represents 12.11% of total lamp consumption. A more detailed analysis reveals variable potentials depending on the areas of lighting use and the actions considered. Bedrooms exhibit the highest energy efficiency potential, accounting for 58% of total energy savings, with a total potential of 4,194.49 kWh. Living rooms contribute 32% of this potential, i.e., 2,317.19 kWh. Toilets, for their part, have a total saving potential of 611.08 kWh, corresponding to 8% of total savings.
These results indicate that households can achieve substantial energy savings if they implement energy management actions in the management of the different lighted spaces.
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1. INTRODUCTION

The world is facing an unprecedented energy and environmental crisis, exacerbated by global warming and dependence on fossil fuel (Stéphane Pouffary & Guillaume Delaboulaye, 2015, 2016). According to the Intergovernmental Panel on Climate Change (IPCC), the energy sector is the main emitter of greenhouse gases, responsible for the rise in global temperatures and climate disruptions (Amadou Oumarou Fati, 2021) In light of this challenge, the transition toward a sustainable energy model is becoming an imperative in order to preserve the environment and ensure viable development fuel (Stéphane Pouffary & Guillaume Delaboulaye, 2015, 2016).
Rapid urbanization intensifies these challenges, as urban areas concentrate a large share of the world’s population and consume most of the energy produced fuel (Stéphane Pouffary & Guillaume Delaboulaye, 2015, 2016). By 2050, nearly 75% of the world’s population will live in urban areas, which will significantly increase energy demand and greenhouse gas emissions fuel (Stéphane Pouffary & Guillaume Delaboulaye, 2015, 2016). In this context, energy efficiency appears as an essential solution for reducing energy consumption while maintaining a satisfactory standard of living (Touria Barrad, 2019). However, despite the importance of this issue, energy efficiency policies often struggle to be translated into concrete actions. The lack of accurate data on household energy consumption, the low level of awareness, and the absence of appropriate incentives constitute major obstacles to the widespread adoption of energy-efficient practices (Agence Internationale de l’Énergie (AIE), 2019). In developing countries, and particularly in Burkina Faso, these challenges are even more pronounced.
This study aims to assess the energy efficiency potential related to household lighting. The methodology is based on a field survey (interviews) conducted among households. The analysis of the collected data focused on four (04) energy efficiency actions, namely :
•	Turn off lights in unoccupied rooms (EC1).
•	Give priority to natural lighting during the daytime in order to reduce the use of artificial lighting (EC2).
•	Use night lights for nocturnal lighting during sleep (EC3).
•	Adjust the power rating of lamps according to the area and the use of each room (EC4).
The objective is to quantify the potential energy savings that could be achieved if these actions were systematically implemented by households. Thus, this study aims to provide concrete solutions to optimize energy consumption and improve the quality of life of populations. 

2. Data Collection Methodology

2.1 Sampling
Within the framework of this study, the sampling was designed in such a way as to ensure the representativeness of the households studied and the reliability of the results obtained. The sample size was determined using the following Equation (1)(Krejcie, R. V. & Morgan, D. W., 1970; W.G. Cochran, 1977) :
	
	(1)


Where :
	N = 273 128 households corresponds to the size of the target population ;
	n = 384 ménages households is the sample size selected to ensure the representativeness of the results ;
	t = 1,96 is the coefficient corresponding to a 95% confidence level ;
	e = 0,05 (5 %) the margin of error tolerated in the sampling ;
	P = 0,5 is the estimated proportion of the population presenting the characteristic of interest.
However, in order to increase the reliability of the results and minimize sampling bias, the sample size was increased to 439 households. Stratified sampling was applied by dividing the total sample size according to the number of sectors studied. This approach makes it possible to ensure better representativeness of the different geographical areas and the socio-economic profiles of the households concerned.
For data collection, three (03) survey rounds were conducted among households in the city of Koudougou in order to assess the energy efficiency potential within these households :
	The first data collection covered the months with the lowest air temperatures (cool months) of the year (November, December, January, and February) and involved 439 households ;
	The second data collection was carried out during the hot season (hot months) of the year (March, April, May, and June) and also involved 439 households ;
The third data collection covered the rainy season (rainy months) of the year (July, August, September, and October) and also involved 439 households.
2.2.	Estimation of electricity consumption and energy saving potential in the lighting sector
The estimation of lamp consumption is carried out using Equation (2) 
	
	(2)


Where N, is the number of days the appliance is in operation
The energy efficiency potential is obtained from Equation (3) :
	
	(3)


The energy saving potential (kWh) is obtained using Equation (4) :
	
	(4)



3. results and discussion

3.1. Energy Efficiency Potential of Living Rooms
Figures (1 and 2) show the energy saving potential and the energy efficiency potential in living rooms.
The analysis of consumption, taking into account the two energy efficiency actions EC1 and EC2, makes it possible to estimate an annual saving potential of 2,317.188 kWh, corresponding to an overall energy efficiency potential estimated at 12.48% relative to the total lamp consumption in living rooms. This potential mainly results from action EC1, the implementation of which allows an estimated energy saving of 1,993.456 kWh, corresponding to an energy efficiency potential of 10.74%. Action EC2, for its part, contributes an energy saving of 323.732 kWh, corresponding to an energy efficiency potential of 1.74%.
These results show that action EC1 presents the highest energy efficiency potential because it is not yet well established in household consumption habits. By contrast, action EC2 has a minimal impact, which proves that it is already well integrated into their consumption practices.
	
Figure 1 Annual energy saving potential in the living room lighting sector (kWh)
	
Figure 2 Energy efficiency potential in living room lighting



Figures 3 and 4 present the estimated energy saving potential and energy efficiency potential in living rooms according to each period of the year.
A total saving potential estimated at 439.44 kWh is obtained during the cool months (November, December, January, and February), representing an estimated energy efficiency potential of 9.56% of the total lamp consumption in living rooms during this period. During the hot months (March, April, May, and June), the energy saving potential is estimated at 821.67 kWh, corresponding to an energy efficiency potential estimated at 12.52% of the total lamp consumption in living rooms during the hot months. During the rainy season (July, August, September, and October), the energy saving potential is estimated at 1,056.078 kWh, corresponding to an energy efficiency potential of 14.26%.
These results show that lamps in living rooms are used more intensively during the hot and rainy months of the year, which explains why the energy saving potential during each of these periods is almost double that observed during the cool period. This is due to the fact that during the cool period, households go to bed early at night, whereas during the hot months they go to bed late. They wait for a decrease in temperature in the bedrooms, since temperatures are very high during this period (about 38 °C according to (Ministère de l’habitat et de l’urbanisme, 2012)) in the city of Koudougou. In addition, the rainy season coincides with school holidays, which modifies household daily routines. Indeed, during holidays, restrictions on children’s sleeping time and the use of electronic devices are less strict. Children therefore stay awake longer, which changes their sleeping habits and consequently increases lamp consumption. This combination of factors helps to explain the variation in the energy saving potential of living room lighting.
	
Figure 3 Energy saving potential in living rooms according to the period of the year (kWh)
	
Figure 4 Overall energy efficiency potential in living rooms according to the period of the year



3.2. Energy Efficiency Potential in Bedrooms
Figures 5, 6, and 7 show the energy saving potential and the energy efficiency potential in bedrooms.
The overall energy saving potential in the field of bedroom lighting, evaluated over the year, is estimated at 4,194.488 kWh, corresponding to an energy efficiency potential equivalent to 27.34% of the annual lighting consumption allocated to these spaces (Figures 5 and 6). 
These results highlight a high energy efficiency potential in the field of bedroom lighting. Each energy efficiency action has a significant impact on reducing energy consumption in bedrooms. EC3, in particular, accounts for 34% of the possible savings, which underscores the impact of excessive nocturnal lighting. EC4 confirms an overconsumption related to lamps that are too powerful for uses often limited to reading or circulation (Figure 7). This shows, on the one hand, that households have not yet integrated energy management actions into their energy consumption habits in the lighting sector, and, on the other hand, that bedrooms constitute a strategic area for energy savings. The adoption of night lights and the optimization of installed power levels can generate substantial savings without altering the essential functions of these rooms. Targeted awareness-raising on nighttime habits would be particularly beneficial.
	
Figure 5 Annual energy saving potential in bedroom lighting
	
Figure 6 Overall energy efficiency potential in bedroom lighting




Figure 7 Proportion of energy savings according to each energy efficiency action (EC)

3.3. Energy Efficiency Potential in Toilets
Figures 8, 9, and 10 show the energy saving potentials in toilets.
The overall potential in the field of toilet lighting over the three surveys amounts to 610.9745 kWh, corresponding to 59.15% of the total lamp consumption in toilets.
These results reveal that the choice of lamp power ratings is not correlated with the floor area of the toilets nor with the actual use of these spaces. Indeed, the light bulb is often left on unnecessarily (EC1: energy efficiency potential representing 21.15%), and the lamps used are generally too powerful for intermittent use (EC4: energy efficiency potential representing 38.01%). Action EC4 shows the highest energy saving potential, accounting for 64% of the total savings related to toilet lighting. This therefore highlights a latent energy waste in intermittently used spaces. The installation of motion sensors or timers, combined with a reduction in lamp power ratings, would make it possible to effectively correct this drift.
	
Figure 8 Annual Energy saving potential in toilet lighting
	
Figure 9 Proportion of energy savings by EC action




Figure 10 Overall Energy Efficiency Potential in Toilet Lighting

3.4. Overall Energy Efficiency Potential in Residential Lighting
Figures 11, 12, 13, and 14 present the total number of lamps, their total power, and their total consumption in households.
The analysis of the data collected from households over the year reveals a total of 6,557 lamps installed in residential dwellings, distributed as shown in Figure 11. The largest numbers of lamps are found in rooms such as living rooms, bedrooms, and outdoor spaces. The total consumption of these lamps is estimated at 60,268.51 kWh and is distributed as shown in Figure 13. Outdoor lighting is the largest consumer, with a consumption of 21,302.37 kWh (i.e., 35% of total lamp consumption), followed by living rooms with a total consumption of 18,568.29 kWh (i.e., 31% of total consumption), and finally bedrooms with a consumption of about 15,343.24 kWh (i.e., 25% of consumption). Toilets and other rooms (kitchen, storage room, etc.) account for 9% of the total consumption due to lighting (Figure 14). These results show that lamp consumption in rooms depends on the use of each space.
	
Figure 11 Total number of lamps installed in households
	
Figure 12 total power of lamps installed in households (kW)



	
Figure 13 Total consumption of household lamps (kWh)
	
Figure 14 Proportion of lamp consumption according to rooms



Figures 15 and 16 present the overall energy saving potential and the overall energy efficiency potential in households.
The annual energy saving potential in the lighting sector is estimated at 7,299.64 kWh, corresponding to 12.11% of the total lamp consumption in households. The distribution of this potential varies according to the domestic spaces considered (Figures 15 and 16). Living rooms contribute 2,317.19 kWh, i.e., 32% of the total energy saving potential. Bedrooms exhibit the highest energy efficiency potential among all rooms, accounting for 58% of the total estimated savings. The overall energy saving potential in bedrooms is estimated at 4,194.49 kWh, corresponding to 27.34% of the total lamp consumption in bedrooms. Toilets contribute 8% to the overall energy saving potential.
These results show that the greatest energy efficiency potential in the lighting sector is found in bedrooms and living rooms.
	
Figure 15 Overall energy saving potential in the lighting sector according to room
	
Figure 16 Proportion of the overall energy saving potential according to rooms



The results of the assessment of the overall energy saving potential and energy efficiency potential according to each EC action are presented in Figures 17 and 18.
Turning off lights in unoccupied rooms (EC1) yields the highest energy saving potential, estimated at about 3,703.44 kWh, corresponding to an energy efficiency potential representing 6.14% of the total consumption due to lighting. This result highlights the importance of user responsibility.
With an estimated saving potential of only 323.73 kWh (i.e., 0.54% of total consumption), EC2 appears as the least effective lever. This low contribution can be explained by several factors, such as the orientation of dwellings and unfavorable architectural configurations.
The use of night lights in bedrooms (EC3) provides a saving potential of about 1,422.72 kWh, i.e., 2.36% of annual consumption. EC3 is both a technical and behavioral measure, combining comfort and energy sobriety. It is particularly relevant in contexts where nocturnal lighting is necessary (safety, children, elderly people). Its implementation can be facilitated by the distribution of low-consumption night lights and by practical recommendations in households.
Action EC4 allows a saving potential of 1,849.75 kWh (i.e., 3.07% of total lamp consumption). This highlights a tendency toward overconsumption linked to lamps that are too powerful or poorly adapted to the actual use of spaces.
These results show, on the one hand, that actions EC1, EC3, and EC4 are not integrated into household consumption habits with regard to the management of lighted spaces. The integration of these actions into household consumption practices would make it possible to achieve substantial energy savings. By contrast, action EC2 has a low impact (a low energy saving potential), which indicates that this action has already been adopted by several households in their energy consumption habits.
	
Figure 17 Overall energy saving potential according to each ec action
	
Figure 18 Overall energy efficiency potential according to each EC action



3.5. Potentiel d’économie moyenne annuel par ménage dans le domaine de l’éclairage
Les figures 19 et 20 donnent le potentiel d’économie d’énergie annuel par ménage dans la commune de Koudougou
The average annual energy saving potential per household in the lighting sector is estimated at 16.63 kWh per year. This potential mainly results from action EC1 (8.44 kWh) and action EC4 (4.21 kWh). This potential shows that a large energy saving reserve exists in the field of residential lighting if households widely adopt the various energy efficiency measures.
	
Figure 19 Annual energy saving potential per household
	
Figure 20 Proportion of energy savings by ec action




4. Conclusion

The results of the study reveal that the energy saving potential in the lighting sector is approximately 7,299.64 kWh, i.e., 12.11% of the total household lamp consumption. The largest share of this potential comes from bedroom and living room lighting.
Regarding the impact of each action, action EC1 (turning off lights in unoccupied spaces) shows the highest saving potential, estimated at 3,703.44 kWh (i.e., 6.14% of total lighting consumption), which highlights the importance of user behavior. Conversely, action EC2 (giving priority to natural light) recorded the lowest performance, with only 323.73 kWh of savings (i.e., 4% of total consumption), a result that can be explained by factors such as building orientation and already established habits.
The study shows that, although some efficient practices such as the use of natural light are already well integrated, other measures such as systematically turning off lights, using night lights, and optimizing lamp power ratings have not yet been fully adopted by households.

In short, taking into account the energy savings resulting from the elimination of standby mode in electrical appliances in households in the city of Koudougou constitutes a relevant research perspective to be further explored in future studies.
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Global	
(Ec1) Turn off lights in unoccupied rooms (kWh)	 (Ec2) Use Natural Light to Reduce Artificial Lighting (kWh)	Total Energy Saved in Living Rooms (kWh)	1993.4559999999999	323.73200000000003	2317.1880000000001	


Global	
(Ec1) Turn off lights in unoccupied rooms (kWh)	 (Ec2) Use Natural Light to Reduce Artificial Lighting (kWh)	Total Energy Savings (kWh)	0.10735807619559599	1.7434668597126099E-2	0.124792744792722	


Energie Totale économisée dans les salons (kWh)	
November–February	July–October	March–June	Global	439.43999999999994	1056.078	821.67000000000007	2317.1880000000001	




November–February	March–June	July–October	Global	9.5600000000000004E-2	0.12520000000000001	0.14255117796483499	0.12479999999999999	



EC1(kWh)	EC4(kWh)	EC3 (kWh)	Total Energy Saved After Optimization (kWh)	1314.6469999999999	1457.12	1422.721	4194.4880000000003	




EC1	EC4	EC3 	Energy Efficiency Potential	8.5682493675512506E-2	9.4968212139428104E-2	9.2726247490405297E-2	0.273376953305346	


Données globales	


EC1(kWh)	EC4(kWh)	EC3 (kWh)	1314.6469999999999	1457.12	1422.721	

Energy Saved Through Optimization EC4	Energy Saved by Turning Off Lighting in Unoccupied Rooms  EC1	Total Energy Saved	392.62553000000003	218.45999999999998	610.97452999999996	




Energy Saved Through Optimization EC4	Energy Saved by Turning Off Lighting in Unoccupied Rooms  EC1	392.62553000000003	218.45999999999998	

Energy Saved Through Optimization EC4	Energy Saved by Turning Off Lighting in Unoccupied Rooms  EC1	Total Energy Saved	0.38011316901324999	0.21149802179862001	0.59150372820810004	


Nombre total des lampes installées	
Living Rooms	Bedrooms	Toilets	Other Rooms	Outdoor Lighting	Overall	1570	2166	698	598	1525	6557	


Puissance totale des lampes installées (kWh)	
Living Rooms	Bedrooms	Toilets	Other Rooms	Outdoor Lighting	Overall	22.268999999999998	24.823999999999998	7.0579999999999998	7.3780000000000001	21.775999999999996	83.304999999999993	


Consommation totale des lampes (kWh)	
Living Rooms	Bedrooms	Toilets	Other Rooms	Outdoor Lighting	Overall	18568.29	15343.24	1032.92	4021.69	21302.37	60268.51	







Living Rooms	Bedrooms	Toilets	Other Rooms	Outdoor Lighting	18568.29	15343.24	1032.92	4021.69	21302.37	
Energie Totale économisée (kWh)	
Living Rooms	Bedrooms	Toilets	Other Rooms	Overall	2317.19	4194.49	611.08000000000004	176.87	7299.64	






Living Rooms	Bedrooms	Toilets	Other Rooms	2317.19	4194.49	611.08000000000004	176.87	

Ec1 (kWh)	 Ec2 (kWh)	EC4 (kWh) 	 EC3 (kWh)	Total Energy Saved	3703.44	323.73	1849.75	1422.72	7299.64	



Ec1 (kWh)	 Ec2 (kWh)	EC4 (kWh) 	 EC3 (kWh)	Total Energy Saved (kWh)	6.1448953324037603E-2	5.3714947918642496E-3	3.06917403304869E-2	2.36063733019161E-2	0.121118561748305	


Annual	
EC1 (kWh)	EC2 (kWh)	EC4 (kWh) 	EC3(kWh)	Total Energy Saved (kWh)	8.44	0.74	4.21	3.24	16.63	






EC1 (kWh)	EC2 (kWh)	EC4 (kWh) 	EC3(kWh)	8.44	0.74	4.21	3.24	

