
503

Energy Efficiency in Historic Buildings 2018

Categorization of the heritage building stock  
in Cairo for the energy planning purposes

A method and the typical buildings

E. Raslan1, A. Donarelli2 and E. De Angelis1

1 Department of Architecture, Built environment, and Construction Engineering, Politecnico di Milano, 
Milan, Italy. Email: ehsan.omar@polimi.it, enrico.deangelis@polimi.it.

2 Department of Art History, Uppsala University, Visby, Sweden. Email: anna.donarelli@konstvet.uu.se.

Abstract – Categorization of a building stock into representative categories is 
a method to suggest retrofitting scenarios to reduce the energy consumption 
on a district scale. In Cairo, there are 3305 residential buildings with heritage 
values that need to be rehabilitated. Furthermore, the residential sector 
consumes 44 percent of the total electricity production in Egypt according to 
International Energy Agency. Therefore, the rehabilitation strategies should 
balance between energy and conservation issues. The aim of this paper is to test 
a recent categorization method to classify 592 and 176 heritage buildings in Al 
Darb Al-Ahmar and Cairo Downtown areas respectively. The building inventory, 
categorization processes, and representative typical building selection are 
discussed. Four and nine categories are extracted in each area, respectively. The 
discussion includes the building inventory issues encountered when working with 
the heritage buildings in Cairo, and suggestions on how to adapt the method for 
different contexts.

Keywords – categorization of heritage buildings, the Visby method, building 
inventories, typical building, Cairo historic districts

1. INTRODUCTION

In 2015, the residential sector in Egypt consumed 44 percent of the total 
electricity demand [1]. The electricity consumption growth for the residential 
sector between 1998 and 2008 has been estimated between 7–10 percent a year. 
Between 2018 and 2030, the total residential units are expected to increase by 
76 percent. Consequently, the electricity consumption for them is expected to 
increase by 47 percent. On the other hand, the residential sector has a potential 
to save 5–15 percent of the electricity end-use by applying energy saving 
strategies [2].

Cairo, the capital of Egypt, is an ancient city that has historic buildings from 
different eras dating back to the 7th century. The building stock in Cairo consists 
of more than 688,000 buildings, 87 percent of which are residential buildings. 
According to The National Organization for Urban Harmony (NOUH) in Egypt, 
there are 3300 residential heritage buildings located in the Cairo governorate 
[3]. The heritage value of a building can be represented in an architectural style, 
national history or historical figure and epoch [4]. Those buildings need a strategy 
to be retrofitted and preserved [5].
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Categorizing a building stock into several representative categories is an effective 
method to (a) explore the energy performance and reduce CO2 emissions for 
a very large number of buildings; (b) set a successful strategy to reduce the 
energy consumption [6]; (c) introduce mandatory measures for building energy 
retrofits; (d) evaluate the potential of using new technologies; (e) develop suitable 
energy efficiency policies and regulations [7]; (f) address the economic effects of 
different CO2 emission reduction strategies over time; (g) set a sustainable energy 
efficiency strategy that balances between energy saving and building conser-
vation in historic districts.

The aim of this study is to test a method for categorisation that can sequentially 
be used as a tool to estimate the energy consumption of the heritage buildings in 
Cairo. In addition, the selected typical buildings in each category will be used to 
suggest retrofitting measures for energy saving which take in consideration the 
cultural values of the buildings. Those measures will provide the energy saving 
potentials in the building stock in Cairo in the coming studies.

For achieving this aim, a recent method used in Visby, Sweden, for categorizing 
the buildings in an historic district, was selected to analyse two historic districts 
in Cairo. They are Al Darb Al Ahmar and Cairo downtown. Mainly, the historic 
buildings, significant from architectural and historical points of view, listed by 
NOUH and Aga Khan Trust for Culture (AKTC) [8], were selected for categori-
sation in both areas. Four and nine categories are extracted in each area, respec-
tively. Categorization is a method that has many advantages to analyse and 
improve the energy performance of a large building stock.

2. LITERATURE REVIEW

Several studies have shown how building stocks can be broken down into a 
limited number of representative building categories. This literature review shows 
a variety of typologies and categorisation methods.

The EU-project TABULA developed residential building typologies for the partner 
countries in 2012, to use for calculations on energy saving [4], [5]. The typologies 
are based on size, climate zone and age. Typical buildings were chosen to 
represent the national building stocks. For the typical buildings information on 
geometrical data, the construction and the heating system was collected where 
available. The method aimed at making the outcome comparable between 
countries.

Another method for assessment of energy use in national building stocks is 
ECCABS (Energy, Carbon and Cost Assessment for Building Stocks) [10]. It 
is a bottom-up model to assess energy-saving measures and CO2 mitigation 
strategies in national building stocks. The parameters for categorisation were: 
use, number of floors, connections to other buildings, construction year (related 
to building regulations and construction techniques), heating system and climate 
zone. The results showed satisfactory when comparing modelled energy data 
based on the typical buildings with statistics, which means the typical buildings 
are representative of the building stock.
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For use on smaller and more homogeneous building stocks a method called 
Statistical Distribution of Buildings according to primary Energy use for heating 
(E-SDOB) has been developed [11]. The aim is to provide a basis for regional 
energy planning. The building categories were identified through number of 
floors, connections to other buildings, age, efficiency of heating system, and 
degree days. A case study in Italy resulted in 72 categories, and comparing the 
modelled data with energy statistics showed a good reliability.

Another method was developed as part of the Energy Efficiency for EU Historic 
Districts’ Sustainability (EFFESUS) project [12] and tested on the town Visby in 
Sweden as part of a national project [13]. The focus was historic buildings and the 
aim was to facilitate an energy analysis of an historic urban district. The buildings 
were categorised according to the number of floors and connections to other 
buildings, with additional data on heated area, calculation of volumes and division 
between construction types. It provided basic data for further studies on energy 
saving potential combined with vulnerability assessment in an historic building 
stock.

Some of the described studies have looked at national building stocks, others 
on districts or smaller areas. What the studies have in common is the aim of 
providing a basis for analysis of energy use and saving potential, and the use 
of similar input data. All studies stress the importance of qualitative building 
data. The categories have in the previous studies been represented by selected 
(existing) or modelled buildings for detailed analyses on energy saving potential 
in relation to different targets. The results can be used for extrapolation to 
represent the building stock of a large or small area, and can thus be used for 
planning purposes. Climate zone is not used for the categorisation in the case of 
smaller areas where all buildings belong to the same zone. Age as a parameter 
for categorisation was not considered important in the case of Visby, instead all 
buildings were defined as historic, since they were all located in a protected part 
of the historic town.

3. CASE STUDIES

3.1 LOCATION OF THE CASE STUDIES

The buildings selected for categorisation in Cairo are only the buildings with 
cultural values. They are located in two separate areas in the city, with different 
characteristics in terms of buildings size, age and density. Since the areas 
are small, the buildings have a cultural value and the building stocks are quite 
homogeneous in both areas, it was decided to test the method for categorisation 
used in Visby [13].

3.2 AL DARB AL AHMAR

Al Darb Al Ahmar is located in the central part of Historic Cairo which is one of 
the major world heritage sites, see figure 1. It covers an area of 1.2 km2 [17]. It 
is characterized by a densely built up residential fabric [18]. There are 100,000 
inhabitants in Al Darb Al Ahmar, [19]. The buildings are built around courtyards 
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in irregular shapes occupying a small ground floor area. There is a lack of data 
about the exact construction year of the buildings in Al Darb Al Ahmar, but the 
whole area was constructed between the 11th and 18th centuries. Several old 
buildings have been replaced by modern buildings [20].

In 1997, AKTC proposed a project called “Al Darb Al Ahmar Housing 
Rehabilitation Program” to rehabilitate the buildings in the “Action area” that 
is adjacent to the Ayyubid wall [19], [8]. The selection of buildings was based 
primarily on a set of criteria that included the historic and the architectural 
values of the buildings, structural conditions, proposed intervention forms and 
construction techniques [21]. Analysing the building stock in the action area 
shows that the total number of the buildings that need conservation actions is 
592, in which 293 buildings are residential; 187 buildings are predominantly 
residential; and 112 buildings are used for different purposes. In this paper, the 
building categorization focuses on the conservation interventions that have been 
suggested by AKTC for those 592 buildings.

3.3 CAIRO DOWNTOWN

The Nile River is adjacent to Cairo Downtown on its west side; meanwhile the 
Historic Cairo area is located on the east side. It covers an area of 4.5 km2. This 
area was constructed during the reign of Khedive Ismail in the 19th century. It was 
built according to a Parisian Haussmannian model with wide streets and shopping 
arcades on the ground floors [22]. The Egyptian building law no. 119/2008 
defined special borders for conserving the area of Cairo Downtown due to its 
historic value, see figure 1 [4]. In this paper, the building categorization focuses 
on the residential heritage buildings that have been registered by NOUH.

Figure 1. Boundaries of Historic Cairo as per UNESCO-URHC (Brown color) [14]; Al Darb Al 
Ahmar and the action area (yellow and green colors); Cairo downtown as per NOUH (grey 
color). The top right photo represents 19th century houses in Al Darb Al Ahmar, the downright 
photo represents 19th century houses in Cairo Downtown [15] [16].



507

Energy Efficiency in Historic Buildings 2018

4. METHOD

The method used for the categorisation of the building stock in Visby involves 
three steps; building inventory, categorisation and selection of typical buildings. 
Data needed for this categorisation are number of floors, area and connections to 
other buildings. When the data has been compiled, the buildings are categori sed 
in the following steps: 1) number of floors, 2) number of connections to other 
buildings, i.e. detached (D), semi-detached (S.D.) and terraced (T). The data on 
areas and number of floors are used to calculate the volume (based on standard floor 
heights). Volume is then used to exclude outliers if the buildings within the group vary 
too greatly. As a last step, typical buildings are selected in the different categories 
based on average size. Additional data on, for example, typical con struction types, 
layouts and age, are then used to better describe the typical buildings.

Al Darb Al Ahmar and Cairo Downtown were selected, and the building inven-
tories were done separately. Only buildings pointed out as significant from a 
heritage point of view were registered in the data collection phase. Hence, delimi-
tation was done already to begin with. Cairo Downtown was represented by 176 
buildings and Al Darb Al Ahmar by 592. Data on building area, age, use and 
number of no. of floors, were registered, based on inventories done by Central 
Agency for Public Mobilization and statistics (CAPMS) [23], NOUH, AKTC, and 
Urban Regeneration for Historic Cairo project (URHC) in 1993, 2006, data from 
2004/2008 and 2014. Data reliability is considered to be good, because compa-
rative studies of the available inventories were done by the authors. In addition, 
the recent data about the buildings were taken into consideration during the 
categorization phase. The buildings’ heights are calculated using assumptions on 
floor heights.

The buildings in the two areas were categorised according to number of floors 
and connections to other buildings. In Al Darb Al Ahmar a delimitation was 
needed, in order to remove outliers. Standard deviation gave negative values 
because the variations were not normally distributed. Still, in order to obtain a 
comparable group of buildings, it was decided to delimit using the 95th and 5th 
percentile. In Cairo downtown no delimitation was done, because the buildings 
were few but large and thereby important from an energy point of view. A weight 
is given to each category based on the percentage in volume it represents within 
the total building stock.

Typical buildings from each category were determined by using average values 
on size (volume). In Al Darb Al Ahmar this was done after delimitation and the 
creation of modelled typical buildings was tested. In Cairo Downtown, another 
approach was chosen and the typical buildings representing each category were 
selected among the actual buildings.

5. RESULTS

5.1 AL DARB AL AHMAR CATEGORISATION

In the action area in Al Darb Al Ahmar, see figure 1, the Visby method was used 
for categorising the historic building stock. Three kinds of buildings were selected 
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in the action area; buildings that need rehabilitation actions, buildings that need 
restoration actions due to their cultural values, and monuments that need resto-
ration actions. The building inventory by AKTC, NOUH, and UNESCO-URHC 
was coordinated for those buildings.

The first step categorized the number of storeys; the second the number of 
adjoining walls. The third step included the calculation of the average volume for 
each category. For this last step, the area of the courtyards in those buildings  
was excluded and the height of each floor was assumed as three meters.  
Table 1 shows the results of the heritage building stock categorizations. Four 
main categories were extracted.

Table 1. The outcome of categorization of the building stock in the action area of Al Darb Al 
Ahmar

Category Categorization after delimitation (The total no. of the buildings= 509)

Category (1) Category (2) Category (3) Category (4)

No. of the buildings 9 284 13 203

No. of floors 1-2 storeys 1-2 storeys 3-6 storeys 3-6 storeys

Adjoining walls Semi-Detached Terraced Semi-Detached Terraced

Avg. volume(m3) 759 453 689 745

Avg. area (m2) 207 91 75 76

Typical buildings were chosen according to the average area and average volume 
of the buildings in each category, as shown in Table 2. Typical buildings were 
selected to create a typical shape that tries to sort the irregular shapes and to 
represent the buildings in each category.

Table 2. The outcome of selecting typical building in each category in Al Darb Al Ahmar

Category Representative buildings for creating a model)

Category (1) Category (2) Category (3) Category (4)

No. of floors 2 2 3 3

Adjoining walls S.D. T. S.D. T.

Volume(m3) 820 459 675 760

Area (m2) 137 76 75 84

Type of construction Modern (reinforced 
concrete) 

Traditional (load 
bearing masonry 
wall)

Modern (reinforced 
concrete)

Traditional (load 
bearing masonry 
wall)

5.2 CAIRO DOWNTOWN CATEGORISATION

CAPMS, NOUH, Google earth maps, and books such as “Khedivial Cairo Book”, 
are the main sources to collect the data about the heritage residential buildings 
in Cairo Downtown. CAPMS produces maps for the land use of the buildings in 
Cairo. These maps were created in 1993, and were used to locate the residential 
heritage buildings. The use of the Google map was thus necessary to check the 
current status of the buildings and their vicinities. The NOUH determined the 
borders of Cairo Downtown and published a list of the heritage buildings.
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Based on the available information, 176 residential heritage buildings were 
selected. Due to the absence of data for the height of each floor, three meters 
height for each floor was assumed as per the author observation for the average 
floor heights in Cairo Downtown. In addition, the new floors that were added in 
the 20th century were excluded from the total number of floors.

The delimitation in order to remove outliers was not needed in this case due to 
the limited number of buildings. In addition, the volume of the buildings was signi-
ficant and would have a great impact on the energy demand. According to these 
criteria, nine categories were extracted as shown in Table 3.

Table 3. The outcome of categorization of the residential heritage building stock in Cairo 
Downtown

Category
Categorization without delimitation

(1) (2) (3) (4) (5) (6) (7) (8) (9)

No. of the buildings 7 11 12 65 34 28 7 6 2

No. of floors 1-4 1-4 1-4 5-8 5-8 5-8 9-13 9-13 9-13 

Adjoining walls D S.D. T. D. S.D. T. D. S.D. T.

Avg. vol. (m3) 11074 13588 11795 25718 22177 13302 38252 42042 60876

Avg. area (m2) 1048 1445 1178 1340 1110 715 1310 1190 3134

(%) from total vol. 4.6 % 5.6 % 4.9 % 10.7 % 9.2 % 5.5 % 16 % 17.6 % 25.4 %

Typical buildings were chosen based on the average area and average volume 
of the buildings in each category, as shown in Table 4. In the case of Cairo 
Downtown, real representative case study buildings were selected due to the 
regular shapes of those buildings and the available information about them.

Category
Categorization without delimitation

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Year of construction 1928 Half of 
19th C. 

First of 
20th C.

End of 
19th C.

1913 
-1928

First of 
20th C.

1934 1961 1939

No. of floors 4 4 4 5 6 7 10 9 10

Adjoining walls D. S.D. T. D. S.D. T. D. S.D. T.

Volume (m3) 17280 14780 10668 26672 22590 13230 32190 37174 74052

Area (m2) 1440 1232 889 1778 1255 630 1073 1377 2468

Type of construction M. M. M. M. M. M. M. M. M. 

Table 4. The outcome of selecting representative building in each category in Cairo Downtown

6. DISCUSSION

In Cairo only a small portion of buildings in the building stock was studied, they 
were selected due to their cultural values, which had been defined by UNESCO, 
NOUH, and AKTC. Because the two areas of Cairo that were studied are so 
different, it was decided to categorise them separately, in order to obtain a better 
level of detail for both areas.
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Using the Visby methodology in Cairo requires certain preparation. That includes 
discussing the aim of the categorization and the percentage of available data to 
achieve this aim. In addition, describing the characteristics of the building stock 
should be done. Defining the characteristics of the buildings will help creating the 
criteria to calculate the window to wall (WWR) and surface to volume (S/V) ratios 
that match the Cairo context. Those ratios are used to calculate the heat ex - 
change and energy demand in the typical buildings that represent each category.

The building stock categorisation is based on available data from different 
sources. The building data was mostly available on different maps, from which it 
was compiled in one matrix. The quality of the data is important for the outcome 
of the categorisation. In the case of Cairo, the data used was considered reliable 
and relatively updated. However, it would have been useful to combine the data 
with in situ observations for determining e.g. average floor heights, S/V, WWR 
ratios and to check the construction techniques. In this preliminary study that was 
not possible.

Building inventories of Cairo Downtown and Al Darb Al Ahmar are divided among 
different organizations. The available data in each organization has been issued 
on different dates. Thus, coordination and updating the maps for the research 
purposes are crucial to get more reliable results. This coordination was done in 
this article using the available data, however, the coordination should consider the 
actual situation of the building stock. For example, the number of floors that were 
added to the original construction system in Cairo downtown should be clear on 
the maps. In addition, the old buildings that were replaced by modern construc-
tions in the case of Al Darb Al Ahmar, should be mentioned clearly.

7. CONCLUSION AND FUTURE RESEARCH

Categorization the heritage building stock in Cairo Downtown and Al Darb Al 
Ahmar is the first attempt to break down those densely built up areas into several 
representative categories for energy planning purposes. Further studies will be 
based on determining the S/V ratio and WWR for the typical in Al Darb Al Ahmar 
district. In addition, the energy performance assessment for the typical buildings 
in Cairo Downtown will be simulated. The result of this study will be used to 
understand the feasibility of energy retrofit of the heritage buildings in Cairo.
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