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Abstract 
  
While existing buildings consume about 25 liters on average, some buildings, even require up to 60 liters, therefore, 
enhancing the energy performance of the existing building will have a significant impact on the reduction of electrical 
energy consumption resource efficiency. Retrofitting processes are important for improving energy consumption, 
especially at residential building, as it represents the largest category in electricity consumption by 40 %. The most 
important aspect in the retrofitting process of the building envelope, are mainly the glazing type and characteristics 
and the thermal insulation of walls and roof. For this, an extensive literature review was implemented in Immobilia 
building, to set a baseline assessment of the building’s energy use and compare it with energy performance after 
retrofitting. This includes upgrading the glazing with a shading coefficient from 0.76 to 0.37, a wall thermal insulation 
of the building’s envelope from 1.64 to 0.42 W/Km2, and a cool green roof with a U-value of 0.424 W/m2 K and LAI 3 
was applied. Results show that applying these retrofitting measures led to a reduction in energy use by 40 % from the 
baseline average energy use about 192.6 KWh/m2 yearly which is reduced to 113 KWh/m2. 
 
Keywords: Sustainability, Retrofitting, Energy use, Energy conservation, Building envelope, CO2 emission. 
 
 
1. Introduction 

 
1 According to the Intergovernmental Panel on Climate 

Change, Egypt is among those nations that will be 
greatly affected by the effect of climate change, even 
though its greenhouse gas (GHG) emissions represent 
only 1 % of the world’s GHG emissions (Gouldson, 
Colenbrander et al.2015) Existing buildings contribute 
to high energy consumption in comparison to new 
buildings due to their inefficiency and almost complete 
lack of application of sustainability and energy-saving 
measures (Aboulnaga, Wanas et al.2017). 
     Energy used in buildings to operate its systems 

required to ensure the comfort of the building’s 

occupants; such as cooling, heating and ventilation 

which all consume over 40% of the total energy, while 

the rest are used for lighting, elevators and 

equipment...etc (Rhoads 2010). In Cairo, Egypt, existing 

buildings are the main consumers of electrical energy, 

which is almost 86 % (Ma, Cooper et al.2012). Hence, 

improving existing buildings is as vital to the urban 

climate action as improving energy efficiency in new 

buildings. 

 
*Corresponding author’s ORCID ID: 0000-0002-4719-3917 

Normally, energy retrofits on building envelope often 
results reduction in the energy used by 30% or more, 
perhaps spread over numerous years, and can 
significantly increase the building performance (Hoicka 
and Parker 2018). 
    This thesis focuses on residential building built over 
50 years and how interventions in the building envelope 

could result in reductions in energy use; therefore, as 
part of the development of the Cairo Khedive project, 
this research will utilize the IMMOBILIA building as a 
case study, a heritage building which imposes certain 
restrictions in changing its form or structure.  The 
building has certain energy performance level and 
needs a certain amount of electricity to perform. If the 
energy performance could be enhanced and the 
electricity could be generated through PV panels, then 
the building can be a low-energy building the Immobilia  

 
2.  Retrofit strategy 

 

Retrofitting is the procedure of modifying something 
after it has been manufactured (City of Melbourne, 
2013) (Wilkinson 2013). For buildings, energy 
efficiency retrofits are defined as process that allow an 
improvement of the building’s energy and 
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environmental performance to a higher standard than 
was initially intended  (Mondrup, Karlshøj et al.2014). 
The energy retrofits processes can be divided into three 
main retrofit categories: building envelope aspect, 
mechanical, and electrical systems (Kamel and Memari 
2016). This paper is focused on the first type and mainly 
discusses different methods of building envelope 
energy retrofit that could be carried out on opaque and 
translucent element of existing buildings such as 
upgrading wall insulation or improving thermal 
performance of window systems. See Fig.1 

 

 
 

Fig.1 Retrofit strategies/actions, (Mondrup, 2014) 
 

2.1 Building envelope and design aspects 
 
The building envelope is the interface between the 
interior of the building and the outdoor surroundings 
(L. Badarnah,2017), including the walls, roof, and 
glazing, consider as a thermal barrier and plays an 
essential role in determining the amount of energy 
needed, to retain a comfortable indoor atmosphere 
compared to the outside environment.  
 Thermal performance of a building depends on its 
ability to prevent air infiltration as well as controlling 
heat exchange through building skin, so its status 
reflects directly on the building’s energy consumption. 
(El-Darwish and Gomaa 2017). Fig. 2 illustrates heat 
flow through building envelope during summer and 
winter.  

 
 

Fig.2: Heat flow through building envelope, (El-

Darwish and Gomaa 2017) 

There are two methods to reduce the heat transfer rate 
through the building envelope.  The first is to increase 
the thermal resistance, or R-value, in the building 
envelope components, possibly by increasing the 
insulation and choosing insulation with a lower thermal 
conductivity k, the second is to minimize the 
temperature difference between the indoor and 
outdoor environment (Pratt 2006). Lowering the heat 
transfer rate of the building envelope will allow the 
mechanical systems to use less energy when heating 
and cooling the building, thus making the building more 
energy efficient. 

 
2.2 Building Envelope Components 

 
The envelope is composed of opaque elements such as 
walls, roofs, floor, and windows which is considered as 
transparent elements, 
 
1) Walls: the type of construction and the material of 
the wall are the elements that affect thermal 
transmittance. The wall type could be a single wall, a 
double wall, or a double wall with a cavity. The wall 
could be constructed from normal bricks or hollow 
bricks each with a different thermal mass(Albadry 
2016). The perfect retrofit strategy of these elements 
must consider the control of vapor movement, heat flow 
and air leakage by adding one or several insulation 
layers to the existing assemblies(Allard, Guarracino et 
al.2007). Rigid board and spray-foam insulation are the 
two types of insulation preferred for over-cladding 
(Damyar 2006). 
2) Roofs: usually, roofs are concrete with normal heat 
and humidity insulation sheets, if these techniques were 
improved, better indoor environment could be achieved 
(Albadry 2016). Roofs tend to absorb a large amount of 
radiant energy from the sun, causing the temperature of 
the roof, as well as the surrounding air, to rise.  So 
minimizing the energy transferred through the roof 
might be reduced if the temperature on the surface of 
the roof could be significantly lowered, by using a green 
roof or cool roof (Pratt 2006). 
3) Windows: Three factors must be considered when 
selecting window glass, SHGC (Solar Heat Gain 
Coefficient), U-value and Visible Transmission (Chae, 
Kim et al.2014). Single glazed windows have low 
insulation properties because the solar radiation is 
easily transmitted to the indoor of the building. On the 
other hand, double glazed windows with air cavity in 
between the layers acts as a good insulator (Carmody, 
Selkowitz et al.2007). Similarly, the type of the window 
section whether it’s wooden frame or aluminum frame 
also affects the efficiency of insulation. 
4) Efficient Appliances: one of main aspect that effect 
mainly on building’s energy performance is the 
appliances in general and particularly of HVAC 
system(Albadry 2016). because if the cooling system is 
efficient it will consume the least amount of energy to 
perform, while if the system is exhausted, it may 
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consume a large amount of energy and not fulfill the 
occupant needing. 
 
 3. Objectives 
 
This chapter aims at retrofitting a residential building to 
find how the building envelope retrofit can contribute in 
improving the energy performance of a building. Taking 
a heritage building, it is possible to approach 
improvements in this type of buildings based on Cairo 
climatic conditions. Part of this goal is increasing the 
dependence on renewable sources to reduce the energy 
reductions 
 
4. Methodology 

In order to achieve the objective of this research, the 
following methodology was used: 
 
Simulate retrofitting of the Immobilia heritage building; 
(b) conduct an energy assessment of the Immobilia 
building; and (c) pursue a baseline audit of the 
building’s energy use and compare it with its energy 
performance after retrofitting measures and simulation. 

 
4. Case Study: The Immobilia building 

 

 
 

Fig.3: Actual view of Immobilia 
 

The Immobilia building is a heritage residential building 
located at the intersection of Qasr el-Nil and Sherif St, 
see Fig.3. It’s called when it was built in 1936; the first 
skyscraper and the fourth pyramid as it was the tallest 
building in Cairo at that time, the Immobilia building 
composed of two towers consists of 12 floors for each 
(Plumlee 2017).  
 The last floor in the South Tower was chosen for the 
study case in detail, as a result of the climate analysis 
and the site; the southern tower is more exposed to heat 
and undesirable wind , as it found that undesirable wind 
according to velocity is facing the south west direction 
(Robaa and Hasanean 2007).  In addition to its location 
on two main streets, which are exposed to the largest 
proportion of exhaust gases causing the high 
temperature and lack of thermal comfort. See Fig.4.  

 
Fig. 4: Climate analysis of Immobilia 

4.1 Thermal Comfort in Egypt 
 

 
 

Fig.5: Context of case study 

To summarize the thermal comfort range in Egypt, it’s 
important to mention that the majority of the area of the 
country is considered to be hot from mild to dry, 
(Hammad¹, Abdelkader et al.2017), see Fig.5. The HBRC 
had defined the acceptable ranges for Cairo as follows 
(Attia, Evrard et al.2012): 
 
• Indoor air temperature between 18-degree C and 23-
degree C  
• Relative humidity between 30% and 50%  
• Air velocity 0.5 to 1.5 m/s.  
 

 
 

Fig.6: Solar radiation on the building 
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4.2 Building Envelope Components 
 

By analyzing the data provided in Al Immarah Wal 
Fonoun magazine (Architecture & Art) issue no. 7-8, and 
through visual investigation, it was found that the 
building’s energy performance can be characterized as 
poor due to the following:  
 
• The building’s vertical envelope is a single brick wall 

of 25 cm thick, covered by plaster or wall paper. See 
Fig.10. 

• There is a poor ancient shading over the windows 
which can’t prevent direct sunlight from entering the 
interior space. 

• The windows are leaking, so the amount of heat 
energy transferred from. See Fig.7  

• The windows are single glazed with poor wooden 
frame. See Fig.8 

• The HVAC system is split system, and mostly in a 
moderate condition. 

• The internal court is in very bad condition, most of 
internal windows are broken, either the stairs. See 
Fig.9 

• The building is only insulated by the traditional 
thermal insulation on the roof. See Fig.10  

• No insulation installed on the outside or the inside 
of the envelope. See Fig.10 
 

 
 

Fig.7: Damaged window, helps to air leak 

 

Fig.8: Single glazed window 

 
 

Fig.9: Internal court 

 
 

Fig. 10: Wall section for the Immobilia base case 

4.3 Building Description and Activities 
 

The condition of the building and activities was 
determined by (a). Surveying all floors and activities 
with the help of a guide. See Fig.13 (b). Analysis of plans 
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of the building submitted by the guide. Fig.11, 
represents a description of the last floor concerning 
space type and occupancy whereas the last floor is fully 
occupied, it contains two apartments and company of 
housing and construction which occupy 25% of the total 
space. 
 

 
 

Fig.11: Plan of the last floor 

 

 
Fig.12: Space type of building’s floor 

Energy Audit and Baseline Electrical Energy 
Consumption 
  
On average, the last floor contains two apartments and 
office space, each apartment consists of four to six 
occupant families. Apartments are generally empty 
during the day and occupied after 3 p.m. until 8 to 9 am 
in the next morning during weekdays and 24 hours a 
day during most weekends. In addition to ceiling fans, 
almost all occupants installed more than one AC unit 

(split or window) for cooling. The office space is 
generally occupied from 9 am to 5 pm, it contains 
computers, AC, ceiling fans, all spaces are equipped with 
electric water heaters and have at least one mobile, 
electric space heater. Fig.13, shows the electricity 
consumption for the last floor, manually calculated 
based on occupancy patterns.  

 
 

Fig.13: Electricity consumption of 12th floor. 

5. Envelope Assessment 
 
Based on the results of the analysis of the building’s 
energy performance, the retrofit technologies for the 
building envelope that compensate for the inefficiencies 
of the current building status could be proposed in 
following part. 
 
5.1 Glazing 
 
The window area is 2.257 m2 (1.85 _1.22 m) and for the 
balcony, (6.6 m2) 2.20 x 3m and made of a wooden frame 
with a thermal resistance of 6.778 m2K/W and the 
glazing visible light transmission of 89 %. 
 The actual glazing is replaced by Low-E double 
glazing with a wooden frame with a U-value of 1.50 
W/m2. K, SHGC of 0.33, to reduce both; radiated heat 
loss and air leakage. See Fig.14.  
 

 
 
Fig.14: Wall section of windows after retrofit action 
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5.2 External Wall Thermal Insulation 
 
The base case of the building external wall is made of 
brick 25 cm, inner and outer finishing material 
therefore. Thermal insulation for the building envelope 
was added to change its section from the baseline of a U-
value of 1.64 W/m2 K to a compound wall area of an 
overall U-value of 0.250 W/m2 K. 01002035577 
 As indicated in Fig.15, this wall layer includes 2.00 
mm external paint on plaster applied on a brick wall (25 
cm), 13cm Rockwool with u value 1.2, and a 12.00 mm 
Gypsum board covered with caulk and internal paint.  

 
 

Fig.15: Wall section after adding insulation 

5.3 Cool green roof 
 
The original roof was made of a traditional finish that 
included an uninsulated roof with a U-value of 1.89 
W/m2K. The roof section was composed of 2 cm tiles, 3 
cm gravel, a 2 cm waterproof membrane, 5 cm screed 
and a 15 cm reinforced concrete roof slab. The chosen 
option is the cool green roof it’s a combination between 
cool and green roof, by applying cultry plant (U-value of 
0.14 W/m K) on extensive soil, which requires low 
maintenance and supported by the current roof 
structure; to act as a heat insulator, take advantage of its 
ability to lower air temperatures and minimize the heat 
island effect. A layer of Culty plant was added to the roof 
on 30 cm of extensive soil and insulation were added to 
the basic layer of the roof to change the U-value of 
1.7W/m2 K to an overall U-value of 0.424 W/m2 K. See 
Fig. 16. 
 

 
 

Fig.16: Section of cool green roof after retrofitting 

action 

2.1 Floor  
 
The energy saving resulting from insulating solid 
ground floors can in many cases be very diminished 
mainly because the ground beneath Maintains a stable 
temperature therefore does not affect the energy 
consumption of the building, especially that all the 
floors in the building covered by wood, as shown in 
Fig,17, and therefore are not taken into consideration in 
the retrofitting process. 
 

 
 

Fig.17: Section for wooden floor 

6. Assess the building’s energy performance 
 
By Applying the proposed retrofit actions to the final 
floor to assess the building’s energy performance in 
terms of their effects on: daylighting, thermal 
performance. For the retrofit actions to be verified, 
energy simulation needs to be performed. Using Design 
Builder software, the thermal comfort, heat gain, 
electricity consumption, CO2 emission and total energy 
load of the existing building with its current situation is 
completed. The retrofit actions are then simulated in 
order to be able to measure the difference between the 
two cases. 
 
6.1 Day lighting 

  
By analyzing the daylight in 15 July 12 pm in the internal 
space before and after changing of glazing, we can find:   
 In the base case, Fig.18, direct sunlight is stronger, 
but it carries heat directly to the internal space, as in the 
second case; after applying the proposed action the 
heat of the sun is less intense and daylight spread 
widely in the inner space. See Fig.19 

 
 

Fig.18: Daylight on the last floor of Immobilia building, 
before retrofitting 
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Fig.19: Daylight on the last floor of Immobilia building, 
after retrofitting 

 
6.2 Thermal comfort 

 
According to the American society of heating, 
refrigerating and air-conditioning engineers ASHREA in 
its handbook for the year 2010, thermal comfort 
depends mainly on six factors, four factors are affected 
by the environmental parameters: air temperature, 
mean radiant temperature, air velocity, and humidity 
while the rest depends on personal ones: metabolic rate 
and clothing (ASHRAE 2010).  
 

 
 
Fig.20: Factor of thermal comfort during winter before 

retrofitting actions 

 

Fig.21: Factor of thermal comfort during winter after 
retrofitting actions 

 
 

Fig.22: Factor of thermal comfort during summer 
before retrofitting actions 

 

 
 

Fig.23: Factor of thermal comfort during summer after 
retrofitting actions 

 

• Air temperature: during Winter: the average 
internal air temperature 20.7oC, see Fig.20, it increases 
after applying the proposed retrofit actions to 21.6oC, 
see Fig.21 during Summer: the average internal air 
temperature 28oC, see Fig.22 it reduced after applying 
the proposed retrofit actions to 27 oC , see Fig,23. 
  

• Mean radiant and operative temperature: 
Keeping a balance between the operative temperature 
and the mean radiant temperature can create a more 
comfortable space(Matzarakis, Rutz et al.2000). Thus, 
when analyzing the difference between the mean 
radiant and operative temperature we find that: 
Winter: The average difference between mean radiant 
temperature before and after retrofit action is 0.1 and 
0.05 respectively. See Fig.20-21   
Summer: The average difference between the mean 
radiant temperature before and after retrofit action is 
0.1 and 0.05 respectively. See Fig.22-23 
 

• The relative humidity: while the relative humidity is 
frequently cited as an indicator of thermal comfort 
since, in general, higher temperatures will require 
lower relative humidity to achieve thermal comfort 
compared to lower temperatures (Wolkoff and 
Kjærgaard 2007). Humans can be comfortable within 
humidity between 50% and 60%. Fig.24-25 below, 
indicate the improvement of relative humidity during: 

oct nov dec jan feb mar

air temp. 25.27 21.31 18.69 18.73 19.85 21.38

radiant temp 26.11 22.44 19.4 18.22 19.69 21.46

operative temp. 25.7 22.38 19.54 18.48 19.77 21.42

outside dry bulb temp. 24.67 19.56 16.27 13.75 15.89 18.2

0
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Thermal comfort in winter for the base 
case

oct nov dec jan feb mar

air temp. 24.78 22.46 20.44 19.61 20.51 21.59

radiant temp 25.26 22.73 20.52 19.67 20.68 21.83

operative temp. 25.02 22.59 20.48 19.64 20.6 21.71

outside dry bulb temp. 24.67 19.56 16.27 13.75 15.89 18.2

0
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20

25

30Thermal comfort in winter after 
retrofitting

apr may jun jul aug sep

air temperature 23.87 25.43 26.55 27.02 28.02 26.17

radiant temp 24.23 26.44 27.99 28.38 28.54 27.38

operative temp. 23.98 25.94 27.27 27.61 27.78 26.77

outside dry bulb temp. 21.15 24.76 27.41 28.75 29.24 26.96

0
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Thermal comfort in summer for the base case

apr may jun jul aug sep

air temp. 23.54 24.87 25.87 25.9 26.03 25.44

radiant temp 23.88 25.42 26.34 26.57 26.66 26

operative temp. 24.76 25.41 26 26.24 26.35 25.72

outside dry bulb temp. 21.15 24.76 27.41 28.75 29.24 26.96
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Winter: the humidity increased from 43% to 48%, 
which mean the improvement of thermal comfort of 5 
%, see Fig.24. 
During summer: the average of relative humidity, as 
indicated in Fig.25, decreased from 52.9% to 49.4 %, 
which mean the improvement of thermal comfort by 3 
% thermal comfort.  
 

 
 

Fig.24: Relative humidity during winter before and 

after retrofitting 

 
 

Fig.25: Relative humidity during summer before and 

after retrofitting 

6.3 Heat gain, heat loss 
 

After applying the retrofit actions, the thermal gain 
decreased in general where: 
Summer: especially in august where the highest value of 
solar gains from the roof, walls and glazing are 7668.73 
KWh 6710.28 KWh, 2320.38 KWh, respectively, see 
Fig.26, Which fell to 3216.22 KWh, 1646.88 KWh and 
1163.42 respectively, see Fig.27.  
 

 
 

Fig.26: Heat gain for building envelope during summer 

before retrofitting action 

 
 

Fig. 27: Heat gain for building envelope during 

summer after retrofitting action. 

Winter: especially in January, where the minimum 
value of solar loss from roof, walls and glazing are 
4930.42 KWh, 4220.03 KWh and 1675.27 KWh 
respectively, which reduced to 1448.63 1224.83 and 
893.43 KWh respectively. See Fig. 28 and Fig.29. 
 

 
 

Fig. 28: Heat loss for building envelope during winter 
before retrofitting action

 
 

Fig.29: Heat loss for building envelope during winter 
after retrofitting action 

 
6.4 Electricity consumption 

 
The electricity consumption for the last floor, simulated 
using Design Builder program is 166 MWh per year. As 
indicated in Fig.30, cooling occupies about 50% of the 
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total energy consumed, lighting 25% heating 10% and 
15% for other electrical equipment. As a result of 
retrofit actions, the electricity consumption levels have 
decreased: 
During winter the energy consuming for lighting has 
decreased from 3671.92 KWh to 3552.56 KWh, and 
heating 9298.92 KWh to 4255.89. See Fig.30. 
 

 
 

Fig.30: Electricity consumption before retrofitting 

action during winter 

 
 

Fig.31: Electricity consumption after retrofitting action 

during winter 

During summer, the energy consuming for lighting 
decreased from 3616.93 to 3552.56 KWh and cooling 
decreased from 18599.29 to 11918.36 KWh. See Fig.32 
and Fig.33.  

 

 
 

Fig.32: Electricity consumption before retrofitting 

action during summer 

 
 

Fig.33: Electricity consumption after retrofitting action 
during summer 

There is no significant change in consumption of other 
Electrical equipment, as it reached to 1986.99 KWh 
annually, since these appliances are individually 
installed and its consumption depends on the users’ 
behavior and level of awareness, then it will not be 
included as a retrofit action. It was mentioned in order 
to give further recommendations if needed. 
 
6.5 Co2 emission 

 
The CO2 emissions illustrated in Fig.34, represent the 
baseline assessment before and after retrofitting, 
whereas the maximum and minimum values are august 
and February respectively. 
 

 
 

Fig.34: CO2 emission during summer and winter 

before and after retrofitting action. 

After performing the proposed retrofit actions, the CO2 
emissions decrease in summer from 15370 kg to 
11182.19 kg, in winter 4336.66 to 4091 kg 
 
6.6 Integrating PV panels 

    
For achieving to Low energy building, the electricity 

consumed must be generated by a renewable system to 

save more energy, Thus, the PV panels is considered the 

only type of renewable energy able to cover all the 

aspects. For the PV system to be estimated, the total 

electricity consumption resulted from the simulation is 

118692.38 KWh, knowing that every 1 kW power 

station generates 1800 KWh/year, then the building 

will need a 65 KW station (118692.38 /1800). For each 

1 kW power station 4 panels and a surface area of 10 m2 

of plane roof is needed (Albadry 2016). By the 

calculations, the 65 KW station will need 162.5 m2 of 

roof area (10*16.2m) which is available for the case 

study building as seen in Fig.35. The information 

required for PV panels is shown in table 1. 

 
Table 1: Information required for PV panel 

 
Item quantity Unit price description 

PV on-grid 
system (after 

retrofit) 
260 

10000LE/1 
kw 

(65 KW 
needed) 

Polycrystalline PV 
panels 

0

10000

oct nov dec jan feb mar

Electricity consumption before retrofitting 
during winter

equip lighting heating

0

5000

oct nov dec jan feb mar

Electricity consumption after retrofitting 
during winter

equip lighting heating

0

20000

apr may jun jul aug sep

Electricity consumption before retrofitting 
during summer

eqiup lighting cooling

0

20000

apr may jun jul aug sep

Electricity consumption after retrofitting during 
summer

eqiup lighting cooling

0

10000

20000

aprmayjun jul aug sep oct nov dec jan feb mar

K
G

summer                                winter
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Fig.35: Panel distribution on the roof top 
 

Conclusions 
 
In order to study the effectiveness of several single 
energies retrofit options, computer models were 
developed using design builder software, which analyze 
the energy performance of the 12th floor of the heritage 
building, heritage building, the Immobilia. The final 
results of retrofit measures studied in this chapter 
summarized in the graph below: 
 
1) Thermal Comfort: improved 4% during the 

summer, 2 % during winter, 
2) Temperature: decrease 1oc during summer we 

increase 1oC during winter  
3) Thermal gain: thermal performance of walls 

improves 75%, roof 58% and glazing 45%. See 
Fig.36. 

4) Electricity consumption: heating reduction is 50%, 
cooling 35 %, total electricity consumption in 
winter 20% and in summer 25%. See Fig.37. 

5) Co2: reduced 25% in summer, 10% in winter. See 
Fig.37. 
 

 
 

Fig.36: Total thermal gain before and after retrofitting 

action 

On the other hand, using 162 panels of solar 
photovoltaic can lead to produce the electricity needed 
to decrease the energy consumption and improve the 
total energy performance of the building consumption 
in order to reach to low energy building.  

 
 

Fig.37: left: CO2 emission right: electricity 

consumption before and after retrofitting action 

The results of the retrofitting project discussed in this 
chapter indicated succeed to reduce energy 
consumption by approximately 40%, The total energy 
consumption of the building reduced to 113 MWh, 
which is generated by installing 80 PV panels, power of 
1800 KWh/year, then the building turns into a low 
energy building. 
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