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Abstract. Accurate energy demand forecasting in the building sector is essential for sustainable 

energy planning and policy development. This paper proposes a Genetic Algorithm GA based 

methodology for forecasting energy demand in Morocco's building sector until 2050. The meth-

odology takes into account historical energy consumption data, socioeconomic factors, and ur-

banization patterns to represent the complex processes that drive energy demand. The model is 

evaluated against real International Energy Agency data, indicating a strong correlation coeffi-

cient (R2 = 0.9634) between projected and observed energy demand. Once validated, the model 

uses predicted socioeconomic data to assess habitable areas and then anticipates future power 

usage for buildings. The results show that energy demand increased progressively during the 

simulation period, with significant results projected for 2030, 2040, and 2050. By 2030, energy 

demand is predicted to increase by 84.33% over 2017, due to growing populations and economic 

development. Energy demand is expected to increase by 74.27% and 79.50% in 2040 and 2050, 

respectively, reflecting the continued growth of energy needs. These findings highlight the sig-

nificance of strategic energy planning and sustainable infrastructure development in Morocco's 

building industry, which promotes resilience, efficiency, and environmental sustainability.  
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1 Introduction  

The building sector accounts for a major portion of worldwide energy consumption 

and greenhouse gas emissions, making it an important priority for sustainable energy 

planning and climate change mitigation initiatives. Accurate energy demand forecast-

ing in the building sector is critical for politicians, urban planners, energy stakeholders, 

and researchers to make responsible choices about energy supply, infrastructure devel-

opment, and environmental regulations[1]. Globally, the building sector consumes 

more than 40% of total energy and produces around one-third of carbon dioxide. Grow-

ing populations, urbanization, economic development, and changing occupant life-

styles can increase energy demand in buildings[2]. As countries work to achieve the 

climate targets set out in the Paris Agreement, understanding and accurately forecasting 

energy consumption in the building sector becomes essential[3]. 

Morocco's building sector contributes considerably to the country's total energy con-

sumption. According to current projections, Morocco's building sector accounts for 
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more than 25 percent of the country's total energy use. Residential buildings account 

for approximately 18 percent of the total energy consumption, while the tertiary sector 

contributes 7% to the total demand. As Morocco aims to diversify its energy resources 

and increase its utilization of renewable energy, accurate energy demand predictions in 

the building sector are essential for influencing policy decisions, optimizing energy in-

frastructure, and reaching sustainability targets[4]. Morocco has also set significant re-

newable energy targets to reduce its dependency on fossil resources. By 2030, the coun-

try aims to have 52% of its electricity coming from renewable sources. Achieving this 

goal needs an in-depth knowledge of the energy demand dynamics in the building sec-

tor, as buildings represent a large opportunity for energy efficiency improvements and 

the integration of renewable energy technology[5] 
In this study, we present a genetic algorithm-based technique to improve the accu-

racy and reliability of energy demand is predicted in the building sector up to 2050. We 

expect to capture the complex dynamics driving demand for energy in buildings by 

incorporating historical energy consumption statistics, socioeconomic factors, and ur-

banization patterns.  

In the following sections of this work, we will provide the methodology for our ge-

netic algorithm-based approach, describe the data collecting and preparation tech-

niques, and examine the results of our energy demand predictions. We anticipate that 

our research will contribute to the current understanding of energy demand forecasting 

in the building sector, providing valuable insights for sustainable energy planning and 

policy development. 

 

1.1 Genetic Algorithm Basics 

Genetic Algorithms (GAs), which are based on natural genetic evolution principles, 

are optimization algorithms that represent natural selection and survival of the strong-

est. GAs, developed by John Holland in the early 1970s, provide a strong framework 

for solving complex optimization problems by including the principles of genetic in-

heritance, recombination, and mutation[6]. 

A GA is fundamentally based on a population of potential solutions, represented as 

chromosomes or individuals. Each chromosome encodes a set of parameters or varia-

bles that specify a possible solution to the situation at hand. The GA process starts by 

randomly initializing a population of people, often with a wide range of parameter val-

ues. These individuals are evaluated using a fitness function, which assesses the quality 

of their solutions to specified criteria[7]. For energy demand forecasting, the fitness 

function could compare anticipated energy consumption to observed historical data. 

2 Methodology and results 

In this paper, we introduce a comprehensive methodology for forecasting energy de-

mand and consumption in Morocco's building sector. Our approach integrates regres-

sion analysis, 3D modeling with Autodesk Revit software, and genetic algorithms to 

accurately estimate future energy requirements. By considering the interplay of 
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socioeconomic factors, building characteristics and regional climate variations. This 

methodology provides valuable insights for sustainable energy planning and infrastruc-

ture development. Data collection is based on four types of data from Morocco's build-

ing sector: socioeconomic indicators (such as population, price index, purchasing 

power parity, gross domestic product, and household final consumption expenditure), 

habitable surfaces from the High Commission for Planning (HCP)[8], 3D prototypes in 

Autodesk Revit for all building types, and historical records of total energy consump-

tion in the building sector obtained from the International Energy Agency (IEA)[9]. 

Incorporating these socioeconomic factors into this study improves the accuracy of the 

energy demand predictions. The HCP's habitable surfaces data allows us to classify 

structures into nine categories:  

apartments, villas, typical homes, commercial buildings, administrative buildings, 

schools/universities, hotels, and hospitals[8]. This categorization enables us to reflect 

the variability of Morocco's building stock and modify the energy demand models ap-

propriately. To verify the correlation and validity of our forecasting algorithms, the 

predicted energy consumption will be compared with IEA historical data. Finally, to 

evaluate the correlation and validity of our forecasting algorithms, we compare the pro-

jected energy demand with historical data from the IEA. 

First of all, regression analysis is applied to data collected to identify relations be-

tween socioeconomic factors and building area[10]. In the initial phase, regression anal-

ysis is used to identify strong correlations between socioeconomic variables and build-

ing area. This critical stage provides the foundation for the correct assessment of build-

ing areas. Furthermore, the regression equations (1) developed for area estimation in-

clude weight parameters, which are modified and optimized utilizing genetic algorithm 

techniques.  

The model is validated by maximizing the R-squared value, which achieves a great 

value of 0.99. This high R-squared result indicates a significant correlation between 

predicted and observed values, validating the model's reliability and accuracy. 

𝐴𝑗
𝐵𝑖,𝐶𝑘 = 𝛼1

𝐵𝑖,𝐶𝑘 log(𝑃𝑂𝑃𝑗) + 𝛼2
𝐵𝑖,𝐶𝑘 log(𝑃𝐼𝑗) + 𝛼3

𝐵𝑖,𝐶𝑘 log(𝑃𝑃𝑃𝑗) +

𝛼4
𝐵𝑖,𝐶𝑘 log(𝐺𝐷𝑃𝑗) + 𝛼5

𝐵𝑖,𝐶𝑘 log(𝐻𝐹𝐶𝐸𝑗) + 𝛽𝐵𝑖,𝐶𝑘                                                                                                                                               

                                               (1) 

𝑃𝑂𝑃𝑗: Population 

𝑃𝐼𝑗: Price Index 

𝑃𝑃𝑃𝑗: Purchasing Power Parity 

𝐺𝐷𝑃𝑗 : Gross Domestic Product 

𝐻𝐹𝐶𝐸𝑗: Household Final Consumption Expenditure 

𝛼, 𝛽 : the weights of the equation 

In the third step, 3D prototypes built with Autodesk Revit software are used to de-

termine the thermal demand for all building types. Revit software's capabilities and 

functionalities are specifically developed to make Building Information Modeling 

(BIM) operations more efficient. Revit is a valuable tool for architects and building 

professionals when creating and documenting building designs. Revit smoothly inte-

grates both geometric and non-geometric design and construction information by 
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creating three-dimensional parametric models, facilitating what is referred to as 

BIM[11], [12]. 

This study used 3D prototypes representing different building types (figure 1). These 

prototypes feature an extensive variety of features, such as window layouts, occupant 

area allocation, heat gain considerations, and occupancy schedules. These characteris-

tics are critical as they directly affect the energy performance and thermal requirements 

of the buildings under study[13], [14]. 

 

Fig. 1. 3D prototype in Revit (a-Apartment, b-Villa, c-Typical house, d-Commer-

cial building, e-Administrative Building, f- School/University, g- Hotel- h-Hospital) 

Table 1. Characteristics of the envelope materials[13] 
Building com-

ponents 
Materials (sofas) 

Thickness 

(cm) 

Thermal conductivity 

(w/m2.K) 

R value (m2. 

K/W)) 

Exterior 

walls 

Cement plaster 2 1.1533 
0.31 Hollow brick 14 0.5013 

Cement plaster 2 1.1533 

Roofs 

Cement plaster 2 1.1533 
0.19 Concrete block 16 1.09 

Concrete 4 1.755 

Interior 

walls 

Cement plaster 2 1.1533 
0.17 Hollow brick 7 0.5013 

Cement plaster 2 1.1533 

Windows 
Material 

Thickness 
(mm) 

Value U (W/m2 K) 

Single clear 2.5 5.74 
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At this point, it was necessary to classify the buildings based on their location in 

various climatic zones, particularly Heating Degree Days (HDD) and Cooling Degree 

Days (CDD) (Figure 2). Subsequently, the Revit program was used to calculate the 

thermal requirements for each building inside its corresponding climate zone. The 

buildings were divided into six climatic zones based on HDD+CDD values: <1000, 

1000-2000, 2000-3000, 3000-4000, 4000-5000, and >5000[15]. 

 

Fig. 2 The sum of HDD+CDD with a temperature base of 18°C for the North Africa 

region[15]. 

The simulation results, as shown in Table 2, illustrate the buildings' distinct thermal 

requirements. The cooling energy efficiency ratio (EER) is 9.5, while the heating coef-

ficient of performance (COP) is 3,2. 

 

Table 2. Annual thermal demand categorized by climatic zone and building type as 

calculated by Revit. 
HVAC de-

mand 

(kWh/m2) 

Apartment Villa Typical 

house 

Commercial 

building 

Adminis-

trative 

School/U

niversity 

Hotel Hospital Other 

<1000 124.01 253.06 124.15 203.12 280.50 196.81 258.23 588.83 106.77 

1000-2000 106.11 214.10 131.98 189.50 241.32 157.63 219.05 549.65 67.59 

2000-3000 126.02 211.19 125.78 202.73 239.83 156.14 217.56 548.16 66.10 

3000-4000 135.37 250.26 136.26 209.65 278.12 194.44 255.86 586.46 104.39 

4000-5000 141.55 227.12 147.16 226.83 255.91 172.23 233.65 564.25 82.18 
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>5000 143.93 
239

.66 

149.4

3 
230.02 

268.1

5 

184.4

6 

245

.88 

576.4

8 

94.

42 

 

Continuing the analysis, regression analysis is used again to calculate Total Electri-

cal Demand (TED). This approach comprises using TED to determine correlations be-

tween habitable surfaces and thermal demand. To achieve accurate demand forecasting, 

the regression equations for TED computation in equation (2) include parameters with 

initial unknown values that are altered using genetic algorithm optimization. 

𝑇𝐸𝐷𝑗 = ∑ ∑ (9
𝑖=1

6
𝑘=1 𝐴𝑗

𝐵𝑖,𝐶𝑘 . 𝑃𝑆𝐵𝑖,𝐶𝑘 . 𝑃𝐷𝐵𝑖,𝐶𝑘 + 𝐴𝑗
𝐵𝑖,𝐶𝑘 . 𝐿𝑆𝐵𝑖,𝐶𝑘 . 𝐿𝐷𝐵𝑖,𝐶𝑘 +

𝐹𝑗𝐻𝑉𝐴𝐶𝐵𝑖,𝐶𝑘) . 365       (2) 

TED: Total electrical energy required 

PS: Power Schedule (h) 

PD: Power density of electrical equipment (W/m²) 

LS: Load Schedule (h) 

LD: Lighting power density (W/m²) 

F: Fraction of buildings equipped with HVAC (%) 

HVAC: HVAC electrical demand (kWh/m²) 

 

The HVAC electrical demand represents the electrical demand for heating, cooling, 

and air conditioning for occupant comfort. The product of PS and PD signifies the den-

sity of electrical demand for equipment, while LS and LD's product denotes the demand 

density for lighting. Multiplying these densities by the surface area calculates the total 

electrical demand for equipment and lighting. The sum of HVAC demand, lighting de-

mand, and other equipment electric demand generates the total electrical energy de-

mand (TEO). 

We examined the distribution of HVAC-equipped buildings all over time. Using data 

from the International Energy Agency (IAE), we present a polynomial function equa-

tion (3) for estimating the fraction of buildings having HVAC systems. The IAE re-

ported that the fraction (F) of buildings with HVAC systems was 2% in 2002, 10% in 

2012, and 18% in 2018. Furthermore, our estimate predicts that by 2050, all Moroccan 

buildings will be equipped with HVAC systems[16]. 

𝐹(𝑗) = 10−6. 𝑗3 + 3. 10−4. 𝑗2 +  3,8. 10−3. 𝑗 + 2. 10−2(3) 

With j the year number 

With knowledge of habitable surfaces identified by building type (Figure 3 and 4), 

thermal demand (as presented in Table 2), the percentage of buildings equipped with 

HVAC systems, and the total electricity demand provided by the IAE, genetic algo-

rithms can be used to adjust the powers in W/m2 and hours of operation. The genetic 

algorithms are employed to optimize the calibration process and to produce a model's 

total demand evolution that closely matches the actual data from the IAE. 

 



7 

Fig. 3. Allocation of buildings based on their climatic zones 

 

Fig.4. progression of the habitable surface area of the building stock in Morocco. 

Table 3. Adjusted electrical demand values categorized by building type. 

 Apartment Villa Typical 

house 

Commercial 

building 

Adminis-

trative 

School/U

niversity 

Hotel Hospital Other 

Lighting 

density 

W/m2 

10.265 9.001 9.000 19.036 8.022 15.005 17.004 16.000 20.015 

Power 

load den-

sity W/m2 

8.022 8.397 8.002 9.002 8.174 8.003 7.181 20.015 1.039 

Lighting 

Schedule 

8.024 8.00 8.016 8.008 8.00 8.014 7.050 20.187 1.003 

Power 

schedule 

10.001 9.002 9.000 15.000 9.005 11.001 9.000 11.165 13.271 

 

The model is validated to determine its performance. Real statistics from the Inter-

national Energy Agency are utilized for comparison figure 5 High correlation 

14,88%
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2,52% 1,71%
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coefficients between projected and observed energy demand verify the suggested meth-

odology's effectiveness (R2 = 0.9634). This validation method supports the forecasting 

model's confidence and boosts confidence in its predictive powers. 

Fig. 5. Comparison of total electrical energy demand in Morocco, measured in kilo-

watt-hours (kWh) 

Once the model's performance has been proven, we will use forecasted socioeco-

nomic data to figure 6 out the habitable area. Subsequently, using the predicted habit-

able area and the validated model, we will forecast Morocco's future electric con-

sumption for buildings.  

Fig. 6. The evolution of Morocco's total electrical energy demand. 
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3 Conclusion  

Total Energy modelling in Morocco's building sector has shown a constant growing 

tendency throughout the simulation period, with notable milestones in 2030, 2040, and 

2050. Energy demand will reach 1.5114718306489067 × 1011 in 2030, up 84.33% 

from 2017 due to population growth and economic development. By 2040, energy de-

mand is expected to reach 7.706174377462952 × 1011, representing a 74.27% rise 

and suggesting continued development. By 2050, energy demand is expected to reach 

1.383293576268628 × 1011, representing a 79.50% rise and highlighting the ongo-

ing growth of energy needs. These changes highlight the importance of strategic energy 

planning and sustainable infrastructure development in Morocco's building sector, 

which must adapt to the changing energy landscape while enabling resilience, effi-

ciency, and environmental sustainability.   
The results of our research highlight the critical necessity of accurate energy demand 

forecasting in the building sector, notably in terms of global sustainability and climate 

change mitigation. We created a strong framework to improve the reliability and accu-

racy of energy demand estimates by using the potential of genetic algorithms. 

We effectively combined numerous elements influencing energy use, ranging from 

socioeconomic dynamics to meteorological scenarios, using thorough analysis, regres-

sion techniques, and 3D prototypes. The validation of the model we developed versus 

real-world data indicates its ability to capture the complex interplay of variables that 

influence energy demand trends. 

Looking into the future, our findings have important implications for energy plan-

ners, politicians, and stakeholders dealing with the challenges of sustainable energy 

transitions. As countries like Morocco attempt to diversify their energy portfolios and 

embrace renewable resources, our research provides valuable insights for guiding stra-

tegic decision-making and infrastructure development. 

In conclusion, this research study adds to the current body of knowledge by propos-

ing a strong genetic algorithm-based strategy for estimating energy consumption in the 

building sector. Our successful implementation of this technology in Morocco empha-

sizes the importance of precise predictions for sustainable energy planning and policy 

development. Through our work, we hope to help facilitate the transition to a more 

energy-efficient and environmentally responsible building sector, therefore contrib-

uting to a greener and more sustainable world. 

 

Knowledge: The paper is prepared within the framework of the EMERGE project, 

Call for proposals: HORIZON-CL5-2022-D3-02. Project number: 101118278. Type of 

action: Research and innovation actions HORIZON, 2023. 
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