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Cairo in Egypt is one of the megacities that suffer from the Urban Heat Island (UHI) phenomenon 

because of its high population, lack of greens, use of traditional materials and anthropogenic heat 

flux (AHF). The present study aimed to estimate AHF in Cairo for 2010, 2015 and 2020, 

depending on the energy inventory approach. The results showed that the average anthropogenic 

heat was 28.4 w/m2, 24.45 w/m2 and 21.96 w/m2 in 2010, 2015 and 2020, respectively. Vehicles 

were the main cause, followed by buildings, metabolism and industry. AHF per capita share was 

1803.21 w/m2, 1514.7 w/m2 and 1313.45 w/m2 during the years of the study. Depending on 

Cairo's population data from CAMPAS and the estimated area, the hotspots were detected in Bāb 

ash-Sha'riyah and Al-Mūskī. The study further found that the average AHF in Cairo decreased 

due to GDP and the decline in per capita share and that if the consumed energy rates and gross 

domestic product (GDP) were within the global averages, AHF would have increased by 40%–

43%. Understanding AHF patterns and causal weights is crucial for urban planning to manage 

AHF hotspots, to ensure people's health by maximizing thermal comfort impacts, and to plan 

future interventions to reduce AHF.. 
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1. Introduction 

UHI's expression was known in a study in London [1] and discussed in several studies [2–10]. The 

UHI phenomenon is defined as the difference in temperature between urban and non-urban areas. This 

difference results from the urban structure, city size, location, climate, and anthropogenic heat [11, 12].  

AHF [13], as one of UHI's causes, is defined as the released heat from human activities; it is measured 

per unit time and unit area [14]. Eaton estimated anthropogenic heat, or artificial heat, for the first time in 

1877 [15], who tried to quantify the released heat from human activities in crowded areas in London and 

found that it raised the air temperature by 1.4℃. The relationship between AHF and UHI was studied 

previously. In Hangzhou, China [16], AHF was 43.6% and 54.5% of the UHI in the summer and the winter, 
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respectively. In Houston, AHF was 43% of the solar re-radiation in the summer and 34% in the winter [17]. 

In Berlin in 1965, the contribution of the AHF to solar re -radiation was one-third, and in Vienna, it ranged 

from one-sixth to one-third [15].  

AHF's presence was documented in the studies listed in Table 1. The sources of AHF were 

metabolism, vehicles, industry, and buildings [24]. The relative importance of each component varied 

according to GDP [25], which reflects the level of the community's welfare.  

Table 1. AHF's presence in the world 

Location Year AHF Presence  

Europe 2005 It ranged between 0.7–3.6 watt\m2. [18] 

Beijing, China 2012 It was 135 w/m2 in the winter and 77 w/m2 in the summer.  [19] 

Angul-Talcher, India 1993 The average was 10 w/m2, 70 w/m2 in hotspots, and 401.47w/m2 in the industrial area. [20] 

Toulouse, France 2005 It was 70 w/m2 in the winter and 15 w/m2 in the summer. [21] 

Manchester 2003 The average was 6.12 w/m2 and was 23 w/m2 in the high-density area.  [22] 

London 1971–1979 The average was 11 w/m2, and the maximum was 13.8 w/m2      
[23] 

London 2005–2008 The average was 9 w/m2, and the average from 2005–2008 was 10.9 w/m2. 

• Buildings: This is an important component in forming AHF. The consumed energy in buildings 

worldwide is one-fifth of the total consumed energy, and this share increases by 1.3% per year [26]. In 

Singapore, buildings' AHF formed approximately 9% of the net radiation  [26]. In Tokyo, the generated 

heat from air conditioning units raised the air temperature by 1℃ to 2℃  [27]. In Manchester in 2003, 

the percentage of the released heat from buildings was 60% [22].  

• Vehicles: Most estimation processes depend on data availability, and every study has its estimation 

method. In Lodz, Poland  [28], the authors used annual sales of petrol and diesel and multiplied them by 

the proportion of the population living in urban areas. In Tokyo in 1994  [29],  the authors divided annual 

energy use by season and hour, assuming the traffic density was spatially uniform across the study area. 

The vehicles formed 32% and 30% of the AHF in Manchester  [22] and Beijing, China [19].  

• Metabolism: This is the heat released from bodies due to their activities. The sources of metabolism are 

divided into animals (the neglected one) and humans (the dominant one)  [24]. As reported in several 

studies [13, 47, 48], AHF concentration is proportional to population density. In the United States, 

metabolism is shared by 2%–3% of the total AHF [13, 24]. In contrast, several studies neglected the 

metabolism shared percentage, which did not exceed 1% of the city's total AHF [30]. In Manchester 

[22], Tokyo [31], and Beijing [19], the metabolism formed 8%, 5%–10%, and 5% of the UHI, 

respectively.  

• Industry: This caused 20% of the total AHF in Beijing, China [19]. Most studies neglect this source 

because it is located outside the city. 
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Estimating AHF depends on the available data and the required outputs. There are three classical 

approaches, as well as the urban simulation approach. The methods [24] are as follows:  

1. The oldest method [15], a statistical regression method [31], is called the inventory approach or top-

down approach [30]. This approach depends on relatively coarse data from governmental sources 

(metabolism, industry, vehicles and buildings) [13]. This approach is the most widely used and 

standardized [22, 28, 31–34]. We can implement this method by using Equation (1), where (QF) is 

AHF; (QB), (QV), (QM), and (QI) are the amount of heat released from buildings, vehicles, population, 

and industrial activities, respectively. 

𝑄𝐹 = 𝑄𝐵 + 𝑄𝑉 + 𝑄𝑀 + 𝑄𝐼 (1) 

2. The energy-budget residual approach, also called the energy budget approach, has been used in a few 

studies [33, 37–39]. This approach relies on tracking an urban space's energy balance factors, satellite 

remote sensing, and ground meteorological data. AHF can be quantified by applying Equation (2) [13], 

where QF is AHF, QH is the sensible heat, QE is the latent heat, ΔQS is the soil heat flux, and Q* is the 

net radiation. 

𝑄𝐹 = 𝑄𝐻 + 𝑄𝐸 + 𝛥𝑄𝑆 − 𝑄 ∗ (2) 

3. The bottom-up approach [30], also called the GIS modelling approach [37], or the building energy 

models method [13], in contrast to the inventory approach, starts from the bottom of the building sector. 

This method relies on collecting the prototype building's data from GIS maps, such as the building's 

age, type, volume and area, and then integrating the simulated results [37].  

4. The urban simulation approach  is an extension of the GIS method. This method depends on simulation 

applications, such as LUCY [38], DMA [19], NJU-RBLM model, and ARPS model [39]. Several 

studies have depended on this approach [19, 20, 29, 41].  

Megacities are defined as cities that have a population of more than 10 million  people [40]. These 

cities are home to 6.7% of the world's population, so more energy use and AHF are concentrated in these 

cities. In calculations of the AHF for megacities, the largest AHF was in Seoul (76 w/m2), the least from 

Karachi (6 w/m2), and Cairo was the 23rd [46].  

Cairo, a megacity with a population of more than 10 million, was the 25th in global power 

consumption [40]. With one of the biggest  urban agglomerations in Africa [46], Cairo suffers from the UHI 

phenomenon [12, 41–43] and therefore from AHF. In 2010, AHF in Cairo was 10 w/m2 [40]. This rate was 

divided into 51% for the industrial and residential energy use sectors, 4% for vehicle use, 22% for 
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electricity, and 23% for metabolism.  In a study evaluating the effect of AHF on pedestrian thermal comfort 

in AL Hussain square [47], the air conditioning compressors raised air temperature to 1℃ when they were 

than three meters from the ground floor surface, and the idling buses increased the air temperature by 1℃ 

to 4℃ based on air velocity. 

Evidence in existing literature suggested that AHF in Cairo was scarce and made an overall 

estimation. In addition, those studies did not discuss the effect of every cause separately (vehicles, 

buildings, industry and metabolism) to find the main sources of AHF. The study responded to several 

questions, which can be summarized as, "Is there anthropogenic heat in Cairo?" And if there is, where are 

the main hotspots? The main objective of this study was to estimate the anthropogenic heat in Cairo 

preliminarily and to assess the  relative weight of each cause so that the effect can be minimized. The study 

focused on 2010, 2015, and 2020 because they provided a recent image of AHF and its causes in Cairo 

based on recent economic and urban fluctuation. The results will contribute to evaluating the city's 

economic and urban planning decisions during the upcoming period. 

2. Methodology  

2.1. Study Area  

The administrative borders of Cairo are shown in Figure 1. From northwest Cairo, surrounded by Al 

Qalyubia and Al Giza; from the west, south and east, surrounded by the desert. According to Köppen, 1884, 

Cairo's climate classification  is hot and arid [46, 49]. Cairo's role as the capital city results in mixed 

activities and land use. The city's population density varies [43], with some areas being highly populated 

and others less. The total area is 3,085 km², but more than  half of this area is desert and planned but 

uninhabited. AHF is generated from human activities, so if its calculations depend on the total area, the 

results will not reflect the actual situation. This study focuses only on Cairo's urban areas. 

 

 

 
Figure 1. Cairo's governorate borders and urbanization are expanding (Authors) 
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Several techniques were processed to detect and calculate the urban areas and the land use/land cover 

change over 2010, 2015 and 2020. Data were collected from Landsat 8 imagery and ancillary (for 2015 and 

2020) and Landsat 7 imagery and ancillary for 2010. These data were processed using ArcMap 10.8. As 

the area changed, the population also changed according to Egypt's population census [61, 62, 63], so we 

can estimate the population density by using the varied area and population per year. 

Depending on the inventory approach, Eq. (1) and statistics are mentioned in Table 2, Table 3, and. 

Cairo's anthropogenic heat will be calculated in watts per square meter using the methodology shown in 

Figure 2. The estimation was for the years 2010, 2015 and 2020. The assumed working hours per day was 

18 hours. 

 

 

 

 

 

 

 

 

Figure 2. AHF estimation methodology depends on the inventory approach (Authors) 

2.2. Anthropogenic Heat Sectors 

2.2.1. Buildings 

According to annual energy use statistics, the released heat from buildings in Cairo was divided into 

two types: 

Table 2. The data used in estimating AHF is from the building sector 

Item  Description  Ref.  Unit 2010 2015 2020 

EP The consumed  electricity, the share per capita  [48] 

[49] 

[50] 

Kw.h 1786 1941 2057 

qGp1 The share per capita for butane gas  
Ton 

0.06 0.05 0.05 

qGp2 The share per capita for natural gas 0.40 0.39 0.44 

CE1 The produced heat from 1 kg of butane gas 
[51] 

MJ\Kg 45.75  

CE2 The produced heat from 1 kg of natural gas  MJ\Kg 42.54  

PD The population density for the selected year  per/m2 Varied for every year 

T The total time (the year converted to seconds)  S 365*18*60*60 

1. The released heat from electricity (qE) used in artificial lighting, air conditioning, and other uses depends 

on the economic level.  

2. The released heat from butane gas and natural gas (qG) consumption was used in cooking activities and 

heating systems.  
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So, the emitted heat from the buildings can be estimated by adding the two quantities, following (3).  

𝑄𝐵 = 𝑞𝐸 + 𝑞𝐺  (3) 

2.2.1.1. Emitted Heat from Electricity (qE) 

The amount of electrical energy consumed in buildings varies from one district to another because of 

the economic level and population density. According to the annual bulletin of the Egyptian Electricity 

Holding Company, the consumed electrical energy per capita is estimated from Eq. (4), and the available 

data is displayed in Table 2.  

𝑞𝐸 = (𝑃𝐷 ∗ 𝐸𝑃 )/𝑇(𝑆) (4) 

2.2.1.2. Emitted Heat from Gases (qG) 

The released heat from gases is divided into two sources:  

• The released heat from butane gas (qG1): According to Egypt Oil & Gas [52], 70% of Egyptian 

households depend on butane cylinders used in residential buildings. So, the released heat from butane 

gas was estimated depending on Eq. (5) and Table 2. 

• The released heat from natural gas (qG2): The available data were the share per capita and the 

combustion heat for 1 kg of the natural gas so that it can be estimated from Eq. (6) and Table 2. 

So, the emitted heat from gases can be estimated by adding the two quantities, following Eq. (7) and 

Table 2.  

𝑞𝐺1 = (𝑃𝐷 ∗  𝑞𝐺𝑃1 ∗ 𝐶𝐸1 )/𝑇(𝑆) (5) 

𝑞𝐺2 = (𝑃𝐷 ∗  𝑞𝐺𝑃2 ∗ 𝐶𝐸2 )/𝑇(𝑆) (6) 

𝑞𝐺 = 𝑞𝐺1 + 𝑞𝐺2 (7) 

2.2.2. Vehicles  

Quantifying the released heat from vehicles in Cairo is not simple due to the lack of detailed 

information regarding the varied traffic density with time and heat discharge with vehicle type [22].  

Table 3. The available data for estimating the released heat from the vehicle. 

Item  Description  Ref Unit 2010 2015 2020 

LE Egypt's yearly vehicle count 
[53, 54,55] 

1000  

* 

Ton 

5853728 8636120 10801239 

LC Cairo's yearly vehicle count 1851334 2288153 2374328 

FET Egypt’s transport fuel usage 

[56, 57, 58] 

10136 11728 12585 

FEO Egypt’s tourism fuel usage 2711 3739 3793 

CE3 The combustion heat for 1 kg of fuel  [51] MJ/kg 43.4  

PD The population density   per/m2 Varied for every year 

T The total time   S 365*18*60*60 
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The available data for assessing the heat discharged from vehicles are mentioned in Table 3. It is 

assumed to be divided into two quantities. The direct part (FCt) is the heat from transportation; this part 

could be quantified by applying Eq. (8). The indirect part (FCO) is the heat released from tourism activities. 

According to the Cairo Governorate Portal, Cairo accounts for 21% of Egypt's tourism. This part could be 

estimated by applying Eq. (9). So, the heat discharged from vehicles could be estimated by multiplying the 

total consumed fuel (FCT + FCO) by the fuel consumption heat (CE3), following Eq. (10). 

𝐹𝐶𝑡 = (
𝐿𝐶

𝐿𝐸
) ∗ 100 ∗ 𝐹𝐸𝑇 (8) 

𝐹𝐶𝑂 = 𝐹𝐸𝑂 ∗ 21% (9) 

𝑄𝑣 = (𝐹𝐶𝑇 + 𝐹𝐶𝑂) ∗  𝐶𝐸3 (10) 

2.2.3. Metabolism 

Due to the high density in Cairo, we could not neglect metabolism [25, 36]. According to FANGER 

(1970), metabolic rate depends on sex, age, weight, external body surface area, and activity level. It is not 

easy to quantify Cairo populations according to the last conditions. The heat discharged from humans 

during the daytime ranges from 115 w to 300 w per person [25]. As reported in most studies, the average 

metabolic rate for one person standing or doing a light activity during the daytime is 175 w and 70 w during 

the nighttime [25, 40, 48]. However, few studies used the average of all activities as the average activity 

level, 171 w [59], and a study in Phoenix used 180 w [60]. This study implies that the average human 

metabolism is 175 w per person. So, estimating the released heat from Cairo's population [61, 62, 63] 

(metabolism) follows Eq. (11).  

𝑄𝑀 = 𝑃𝐷 ∗ 175 (11) 

2.2.4. Industry and Other Sources (Qi)   

The last source of AHF is the released heat from industrial activities,  which was collected from three 

causes: 

1. The total consumed electricity in the industrial activities (qiE) was assessed by applying Eq. (12) and 

Table 4.  

2. The released heat from the combustion of petroleum and petrochemical materials (𝑞𝑖𝑃) was estimated 

by applying Eq. (13) and Table 4.  

3. The heat discharged from the contracting and roads sectors (qic) is the total used fuel in Egypt in 

contracting and roads and the estimated usage in Cairo, so we can estimate the portion of Cairo from 

this fuel by following Eq. (14) and Table 4.   

The released heat from industry and other sources was assessed depending on the previous results 

(qiE, qip, qic) and Eq. (15). 
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𝑞𝑖𝐸 =
 𝑞𝑖𝐸 𝐴𝐿𝐿

𝑇(𝑆) ∗ 𝐴 (𝑀2)
 (12) 

𝑞𝑖𝑃 = (𝑃𝐷 ∗ 𝑞𝑖𝑃−𝑝𝑒𝑟 ∗ 𝐶𝐸  )/𝑇(𝑆) (13) 

𝑞𝑖𝐶 =
(𝐹𝑖𝐶 𝑎𝑙𝑙 ∗  𝑐𝑓% ∗ 𝐶𝐸  )

𝑇(𝑆) ∗ 𝐴(𝑀2)
 (14) 

𝑄𝑖 = 𝑞𝑖𝐸 + 𝑞𝑖𝑃 + 𝑞𝑖𝐶  (15) 

Table 4. The available data for estimating the heat discharged from the industrial sector 

Item  Description  Ref.  Unit  2010 2015 2020 

qiE all The consumed electricity in industrial activities [56, 

57,58] 

M.Kw.h 4362 5408 4747 

FiC all The consumed fuel in the contracting and roads in Egypt 1000 

* 

Ton 

2096 1650 2063 

qip-per The share per capita for petroleum and petrochemicals in Egypt [48, 

49, 50] 

0.43 0.41 0.33 

CF % The assumed percentage of vehicles in Cairo    32% 26% 26% 

CE4 The heat of combustion for 1 kg of fuel [51] MJ\KG 44.52 

PD The population density for the selected year  per/m2 Varied for every year 

T The total time (the year converted to seconds)  S 365*18*60*60 

A Cairo's urban total area  m2 Varied for every year 

2.3. Estimating the per capita Share (QFP) and Finding the Hotspots in Cairo (QFD) 

AHF per capita was calculated using Eq. (16) and Table 5. Based on the AHF per capita, the AHF 

per district was assessed to identify hot spots in the study area using Eq. (17) and Table 5. 

Table 5. The available data for estimating the per capita share and hotspots. 

Item  Description  Unit 2010 2015 2020 

A  Cairo's urban total area m2 Varied for every year 

AD District total area m2 Varied for every district 

QF The estimated AHF in 2015 w/m2 24.5 

P Cairo's total population in 2015 Person 9278441 

𝑄𝐹𝑃 =
 𝐴  ∗ 𝑄𝐹 

𝑃
    (w/per) (16) 

𝑄𝐹𝐷 = 𝑄𝐹𝑃 ∗ 𝐴𝐷    (w/m2) (17) 

2.4. Experiment Limitations 

Given the lack of accessible data for Cairo, the study made the following assumptions:   

Building sector: Although there is no data about the electricity consumed in every district, given the 

different economic levels in Cairo's districts, the study assumed that the consumption rates were equal for 

all districts.  

https://doi.org/10.53898/josse2024426
https://engiscience.com/index.php/josse


The Initial Estimation of Anthropogenic Heat Emission in Cairo, Depending on the Inventory Approach 113 
 

 
Journal of Studies in Science and Engineering. 2024, 4(2), 105-121. https://doi.org/10.53898/josse2024426 https://engiscience.com/index.php/josse 

Vehicles sector:  

1. Due to the lack of detailed data on traffic densities and vehicle types, the study relied on Cairo's total 

gasoline quantity and usage ratio. 

2. There are no data on the differences between natural gas and gasoline types (such as 95, 92 and 80); 

consequently, the study assumed that the heat composition of gasoline remains fixed and does not vary. 

Metabolism sector: The study assumed a constant metabolic rate due to the population filtering challenges. 

However, the metabolic rate differs by gender, age, activity and clothing level. 

Industrial sector: the data used for 2020 were estimated from 2019 due to the lack of data. for 2020 were 

estimated from 2019 due to the lack of data. 

3. Results and Discussion  

3.1. Detect the Changes in Urban Area  

Depending on the satellite images, Landsat 8 (OLI), bands 1 to 7 for 2015 and 2020, and Landsat 7 

(ETM+) for 2010, the changes in the urban area in Cairo (buildings, roads, cultivated lands, and water 

surfaces) were detected throughout the period of this period (Figure 3a-3c). The official borders of Cairo 

governorate's total area (using ArcMap 10.8 and satellite images) are approximately 2753.9 km2.  

   

Figure  4a - 2010 Figure  4b - 2015 Figure  4c - 2020 

   

Figure 3. Landsat images showing Cairo's urban area (Authors) 

The urban mass area grew rapidly from 2010 to 2015, and the assigned area increased by 

approximately 155.5 km2 and increased from 2015 to 2020 by 30.2 km2, which was less than the previous 

increase. The difference in area increased by 125.5 km2 between the two periods (Figure 4a-4c).  This 

decrease in urban growth was due to planning and economic reasons:  

• Changes in the building permit laws and freezes in new construction permits for some periods. 

• The rapid change in the Egyptian economy changed the mindset towards investing money. 

• The sharp rise in building material prices. 
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Figure 4. Cairo's total urban area and population density in 2010, 2015 and 2020 (Authors) 

The cultivated land (Figure 4) decreased by 34.6 km2 from 2010 to 2015; the reduction exceeded that 

of the 2015 to 2020 period, which was 1 km2. Water surfaces in Cairo (the Nile River and some water 

surfaces in clubs and compounds) formed the smallest part of the total area, which increased by less than 

0.5 km2 from 2010 to 2015 but decreased by about 2 km2 from 2015 to 2020. The total area of the desert 

decreased by about 122 km2 from 2010 to 2015 and 28.7 km2 from 2015 to 2020. 

 

Figure 5. The total anthropogenic heat in Cairo (w/m2) and each sector's participation rate (Authors) 

2010 2015 2020

Built up area (km2) 357.52 513 543.22

Green area (km2) 87.9 53.32 54.52

Water features (km2) 8.1 8.53 6.45

total urban area (km2) 453.52 574.85 604.19

desert (km2) 2300.28 2178.46 2149.73

population denesity (capita/m2) 0.0157 0.0157 0.0167
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Depending on the inventory approach, the average and the share per capita of AHF in Cairo were 

estimated and detailed in Figure 5. The average AHF decreased by about 13.7% (4 w/m2) from 2010 to 

2015 and 10.2% (2.5 w/m2) from 2015 to 2020. The magnitude of AHF in megacities has been discussed 

in several studies. AHF in megacities ranged between 20 and 160 w/m2 [64]. AHF's rate for any city was 

less than 100 w/m2 [62, 66]. The per capita share of AHF also decreased by about 16.5% (288.5 w) from 

2010 to 2015 and 13.2% (201.2 w) from 2015 to 2020.  

Analysis of the total AHF results for Cairo and other megacities and studies showed that the 

magnitude of AHF in Cairo is the lowest among other cities; however, the population density in Cairo is 

the highest, as shown in Table 6. In addition, AHF increased over the years because of the population 

increase [38, 62, 63], but in Cairo, it decreased over the study period for the following reasons: 

Table 6. AHF Magnitudes of Various Urban City Centres Compared to Cairo 

City 
Population density 

Year 
Mean AHF 

Ref. 
capita/km2 w/m2 

Beijing 2437.46 2012 87 [19] 

Mexico City  64.91 Average of the last 50 years 24.7 [67] 

London 5666.72 2010 20 [68] 

Tokyo 6399 1995 400 [29] 

Singapore   8262.17 2008 23.5 [30] 

Los Angeles 2994.08 2000 15 [24] 

San Francisco 1455.17 2000 58.75 [24] 

Chicago 4528.82 2000 58.75 [24] 

Manchester 4737.26 2003 16.5 [22] 

Cairo 15,700 2015 24.5 Present study 

• According to the World Bank database, Egypt's GDP per capita growth decreased. It was 3%, 2.1%, and 

1.8 % in 2010, 2015 and 2020, respectively, so if the GDP per capita growth remains constant from 2010 

to 2020, AHF would be more than the current results by 40%. 

• According to the World Factbook 2016, the global average energy consumption was 2,674  kWh/capita 

per year, and the average of the consumed energy in Egypt was 1,510  kWh/capita per year, so the per 

capita energy in Egypt reached approximately half of the global energy share (56%), so AHF will be 

raised approximately 43%.   

• Consumer prices rose, which led to the rationalizing of electricity consumption in government and 

private buildings and reduced street lighting [72]. 

• There was an increase in the use of renewable energy sources such as solar and wind energy [73]. 

The second cause was the buildings, which formed approximately 20%, 26% and 30% in 2010, 2015 

and 2020, respectively, of Cairo's AHF (Figure 5). Buildings' AHF increased by 4% (0.26 w/m2) from 2010 
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to 2015 and 7.2% (0.5 w/m2) from 2015 to 2020. According to most research, buildings are the main cause 

of AHF. In Singapore [59], the buildings contributed 49%–82% and 46%–81% during work and off days, 

respectively. In Manchester [22], the buildings contributed 60% of the city's AHF.  

AHF from vehicles formed more than half of the total AHF, which formed approximately 54%, 51% 

and 50% of total AHF in 2010, 2015 and 2020, respectively (Figure 5). The vehicles' AHF decreased by 

18.9% (2.9 w/m2) from 2010 to 2015 and 12.9% (1.6 w/m2) from 2015 to 2020. In the majority of studies 

[69], AHF increased over time. This decrease in consumed fuel was 3774.980 in 2010 and 3562.923 tons 

in 2020, according to CAPMAS. This decrease could be attributed to the recent increases in fuel prices, 

which have been raised more than five times from 2014 until now [74]. So, despite the increased number 

of licensed vehicles [56–58], the emitted heat from vehicles decreased. 

AHF from human metabolism was a less important cause, which formed 10%, 12% and 14% of total 

AHF in 2010, 2015 and 2020, respectively (Figure 5). The metabolism's AHF increase was insignificant, 

which ranged from 0.05 to 0.1 w/m2. In most studies, metabolism was overlooked [75], but in the Cairo 

urban area, we could not neglect it because of the high population density in the study area.  

AHF from industrial activities formed 15%, 11% and 6% of total AHF in 2010, 2015 and 2020, 

respectively (Figure 5). The industrial AHF decreased by 0.33% (1.4 w/m2) from 2010 to 2015 and by 

53.5% (1.5 w/m2). Most studies ignored the industry sector because it is located outside the urban area. The 

industrial activities in Cairo were distributed among small workshops and factories in urban areas like 

Helwan and 15th of May City.                             

 

Figure 6. The spatial distribution of the anthropogenic heat in Cairo's districts (Authors) 
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3.2. The Spatial Distribution of AHF (Hotspots) according to Population Density  

AHF distributed evenly in Section 2.2 did not reflect the actual distribution. Several studies have 

found that AHF is directly proportional to population density [40]. In Figure 6, the actual density 

distribution for Cairo in 2017 reflects the actual distribution for AHF in Cairo (considering that the per 

capita share of AHF was equal to the calculated value in 2015, 1514.68 w/m2).  

The results show that the hotspots were located in Bāb ash-Sha'riyah and Al-Mūskī, which were 66.30 

w/m2 and 37.97 w/m2, respectively. AHF amounts in several districts were near the average estimation, 

such as Aẓ-Ẓāhir, Ad-Drab al-Aḥmar, Shubrā, and Dār as-Salām, which were 26.7, 25.46, 25.45 and 25.19 

w/m2, respectively. The lowest amount of AHF was located in the new districts, such as New Cairo 1, 2 

and 3.  

4. Conclusion 

Depending on the inventory approach, AHF in Cairo (per meter square and per capita) was estimated 

in 2010, 2015, and 2020 (Figure 5) to provide an updated and better image of the AHF pattern in Cairo. 

The AHF sources were estimated: vehicles were the main source, followed by buildings, and the least 

significant sources were metabolism and industry. Depending on the districts' population density, the 

hotspots were detected in Bāb ash-Sha'riyah and Al-Mūskī (Figure 6). 

The decline in AHF for 2015 and 2020 comes back to the decline in GDP and the average per capita 

share in Egypt, which was less than the per capita global share average. AHF averages will be raised by 

40%–43% in the event of moderate economic conditions for the country.  

Understanding AHF patterns and the weight of the various causes is crucial for urban planning to 

manage AHF hotspots, for health to maximize thermal comfort impacts, and for future-proofing 

interventions to reduce AHF. Planning tools like Urban Climatic and Climatope Maps should include AHF 

pattern data. These maps visualize assessments to aid planners, developers and policymakers make better 

mitigation and adaptation decisions. 
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