
Chapter 26 
Key Indicators for Evaluating the Energy 
Efficiency Improvement of the Renovated 
Building Facades 

Liljana Dimevska Sofronievska , Milos Knezevic , Meri Cvetkovska , 
Ana Trombeva Gavriloska , and Teodora Mihajlovska 

Abstract Adopting the circular economy (CE) principles in building sector can 
reduce the quantity of materials used for the renovation of existing buildings, 
improve their energy performance and sustainability and minimize harmful emissions 
embodied in building materials. The main key indicators for energy performance 
evaluation of buildings, related to CE principles are: transmission losses, heating and 
electricity energy consumption, greenhouse gas emissions (GHGs), thermal comfort 
and financial costs for building maintenance. The building stock from the sixties 
and seventies is still in use, but from the aspect of energy efficiency, it shows a low 
level. From that reason, all these buildings have to be renovated. The effects of the 
renovation can be followed by the values of the key indicators. A simulation of a reno-
vated scenario of an existing building was carried out and the results are presented 
in this paper. The analyzed building was built only in nature concrete without any 
facade thermal insulation. One of the renovation conditions was the appearance of 
the building should not be changed. An aerogel thermal plaster, which is nanoma-
terial with high thermal properties, was applied on the building facade. The results 
shows that the energy performance of the building is significantly improved in terms 
of reducing the heating energy consumption by 65%, electrical energy consumption 
by 40%, CO2 emissions by 55%, PM10 particles by 46%, and the financial costs 
by 49%. According to the key indicators, it is found out that the renovation with 
appropriate material can significantly improve the building functionality. 
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26.1 Introduction 

Buildings are responsible for 40% of annual energy consumption and 36% of annual 
greenhouse gas (GHG) emission in EU. From this reason, improving the energy 
efficiency and sustainability of the building stock is critical for meeting EU climate 
targets [1]. Circular economy (CE), especially in the building sector, strive to reduce 
the pollution, extend the building’s lifespan, reduce the material waste and favorite 
the use of long-lasting building materials and products. 

Proper renovation by using sustainable materials with low embodied energy will 
lead to the fulfillment of both goals, namely energy efficiency and circularity. The 
key indicators for evaluation the energy efficiency improvement of the buildings 
such as energy consumption, greenhouse gas emissions and costs are very impor-
tant, especially in the process of renovation of existing buildings. In order to assess 
the efficiency of the measures taken to improve the energy performance of old build-
ings that were built without thermal insulation and whose function and architectural 
appearance are compromised, a dynamic energy simulation of the renovated scenario 
was made. For the simulated scenario, a sustainable and low embodied energy thermal 
insulation material was applied on the façade walls and the values of the key indi-
cators were registered. The key indicators show a significant improvement of the 
energy performance of the building. 

26.2 Key Indicators 

26.2.1 Energy Consumption 

Buildings energy consumption prediction is essential to achieve energy efficiency 
and sustainability [2]. Buildings energy consumption is mostly highly dependent 
on buildings characteristics such as shape, orientation, envelope and building mate-
rials. The comparison of the energy consumption for the original building and the 
improved scenario, is one of the most important key indicators for the buildings 
energy efficiency improvement. Different types of the energy consumptions, such 
as energy consumption for heating, electricity energy consumption for: cooling, 
lightning, equipment etc., are analyzed and presented in this paper. 

26.2.2 Greenhouse Gases 

Building construction and operations account for 36% of global final energy use 
and 39% of energy-related carbon dioxide CO2 emissions [3]. These emissions from 
building operation arise from the energy used for heating and/or cooling, hot water
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supply, ventilation and air conditioning, lighting, and from the embodied energy for 
the production of building materials [4]. 

Cutting the GHGs in the building sector is a key indicator for not only the energy 
efficiency improvement, but also it is much more important from aspect of the climate 
changes and CE measures in the building sector. In order to assess the improvement 
that the application of the new façade material has on the building energy perfor-
mance, the CO2 emissions and PM10 particles in case of the original building and in 
case of the improved scenario of the selected building are defined and the comparison 
of both scenarios are presented in this paper. 

26.2.3 Financial Costs for Maintenance 

Maintenance and operation costs are part of the buildings life cycle costs [5]. The 
maintenance of the analyzed building is highly dependent of the heating and cooling 
conditions and the corresponding bills are responsible for the high financial costs of 
the building. The reduction of the bills for heating and cooling is a key indicator for 
the improvement of the energy efficiency of the building. 

26.3 Façade Material 

Aerogel-based building products are currently considered to be promising insulation 
materials mostly due to the fact they have high thermal performances with limited 
thickness. Furthermore, they have a very low embodied energy, lower than traditional 
insulation products [6–12]. In order to keep the original appearance of the building 
and at the same time to improve the thermal comfort, energy efficiency and costs, 
aerogel thermal plaster is used as a facade insulation material in the improved reno-
vated scenario. The aerogel thermal plaster has a thermal conductivity of 0.028 W/ 
mK and even applied in a small thickness has a great insulating effect as a result 
of its nano porous structure [7]. Due to the composition and method of application, 
aerogel plasters perfectly mimic the texture of natural concrete, while the original 
material remains preserved under the plaster. The cost of the aerogel is still high, 
which prevents its intense use in construction. 

26.4 Energy Simulation 

A dynamic energy simulation of the original building and the improved scenario 
in which the facade is renovated by applying the aerogel thermal plaster has been 
carried out by using Design Builder and EnergyPlus software [13]. The goal was to
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Fig. 26.1 Thermal zones division—ground floor 

evaluate the energy efficiency improvement of the building by comparison of the key 
indicators for both cases, the existing building and the improved scenario. 

The selected case study building is an office building, considered as a cultural 
heritage from the post-earthquake period in Skopje. The structure and the facade are 
designed are built in concrete, with no insulation and the appearance of the facade 
is untreated natural concrete. The selected building floor plan is shown in Fig. 26.1, 
where the principle of dividing the building into thermal zones can be find out. The 
building is divided into 140 thermal zones. 

Each of the zones has its own design temperature, orientation, number of people, 
lighting, electrical equipment and appliances, type of heating, cooling, ventilation, 
glazing area, etc. The designed room temperature in the offices is 20 °C, and in 
the halls and corridors is 15 °C. The outdoor climate data are defined by appro-
priate measurements. The building general information such as gross area, volume, 
openings etc. are presented in Table 26.1.

26.5 Results 

26.5.1 Heating Energy Consumption 

The simulation results of the existing condition of the building show that the building 
is a large energy consumer during winter time. This is due the lack of thermal insula-
tion of the building’s envelope. This implies large financial costs for maintaining the
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Table 26.1 Thermal zones summary 

Zone 
summary 

Area 
[m2] 

Volume 
[m3] 

Above 
ground 
gross wall 
area [m2] 

Underground 
gross wall area 
[m2] 

Window 
glass area 
[m2] 

Total 
openings 
area [m2] 

Total 
conditioned 
area (m2) 

2647.7 8085.9 2468.9 9.69 658.8 712.3 

Total 
unconditioned 
area (m2) 

694.5 2103.8 694.7 325.57 43.3 49.3

thermal comfort. By improving the heating energy consumption which is defined as 
a key indicator for the energy efficiency evaluation, it can be concluded the energy 
efficiency is significantly improved in the renovated scenario (see Fig. 26.2), which 
leads to reduced financial costs for maintenance and improved thermal comfort. 
Figure 26.2 shows the graphs of the average monthly values for heating energy 
consumption in kWh, for both, the existing condition and improved scenario, also 
shown in Table 26.2. 

In the actual scenario, or existing condition, the average monthly heating energy 
consumption is 27 684.9 kWh (see Table 26.1), which means 332 218.8 kWh annually 
or 125.3 kWh/m2. Scenario 1 showed a reduction of the heating energy by 65%, which 
means that the average monthly heating energy consumption is 8 765.8 kWh (see 
Table 26.1). This means that the annual heating energy consumption in the improved 
scenario is 105 186.6 kWh or 40 kWh/m2.

Fig. 26.2 Comparisons of monthly heating energy consumption between actual scenario and 
improved scenario
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Table 26.2 Key indicators summary 

Key indicators Existing condition Improved scenario 

Heating energy [kWh] 27 685 8 765.7 

Electricity heating energy [kWh] 6 133.5 2.96 

Electricity cooling energy [kWh] 865.5 646.2 

Total electricity energy [kWh] 16 157 9 736 

CO2 emissions [kg] 14 022.5 7 017.9 

PM10 particles [kg] 1.3 0.7

26.5.2 Electricity Energy Consumption 

The total electricity energy consumption is divided into electricity for additional 
heating (electric heaters); electricity for cooling (air conditioners); electricity for 
lighting and electricity from electrical appliances and equipment. The results show 
that apart from high consumption of thermal energy for heating, the building also 
consumes electricity for heating, which indicates the poor thermal insulation of the 
building, that despite the high consumption of heating energy, the heating system in 
the coldest months does not satisfy the thermal comfort and additional electrical 
heating is used. In addition, the simulations show high-energy consumption for 
cooling during the summer, which again indicates the poor thermal characteristics 
of the building envelope. 

The average monthly total electricity energy consumption (heating, cooling, appli-
ances and lighting) for the existing condition is 16 154 kWh, i.e. 193 848 kWh annu-
ally or 73.1 kWh/m2 (see Fig. 26.3 and Table 26.2). The simulations of the improved 
scenario show an improvement in the consumption of total electricity (See Fig. 26.3 
and Table 26.2) and also in both, electricity for heating and electricity for cooling 
the building (See Table 26.2 and Fig. 26.4). The average monthly total electricity 
energy consumption (heating, cooling, lighting equipment) is reduced by 40%, or 9 
736 kWh, i.e. 116 832 kWh annually or 44 kWh/m2.

The electricity energy consumption for heating, cooling and maintenance of the 
building, is key indicator for evaluating the energy efficiency improvement, thermal 
comfort and financial costs of the building. 

26.5.3 CO2 Emissions and PM10 Particles 

Figure 26.5 shows the comparisons of the monthly CO2 emissions of the building 
between actual scenario (existing condition) and the improved scenario. In the 
existing condition the monthly CO2 emissions are 14 022.5 kg. The improved 
scenario shows much lower CO2 emission i.e. the average monthly emissivity is 
7 017.9 kg, which means that there is a reduction of the CO2 emissions by 50%. (See
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Fig. 26.3 Comparisons of total monthly electricity energy consumption between actual scenario 
and improved scenario 

Fig. 26.4 Comparisons of monthly electricity energy consumption for cooling between actual 
scenario and improved scenario

Table 26.2 and Fig. 26.5). Reducing the CO2 emissions is not just a key indicator 
for energy improvement evaluation, but also an indicator for CE implementation by 
proper buildings renovation. The same situation is with the PM10 particles reduc-
tion. From Fig. 26.6 and from Table 26.2 it can be concluded that great reduction 
of PM10 particles in the improved scenario is achieved. In the existing condition, 
the building emits an average of 1.3 kg monthly, or 15.6 kg annually. The improved 
scenario shows lower emission of PM10, i.e. an average of 0.7 kg monthly or 8.4 kg 
annually. It can be concluded that by adding insulation on the building envelope, the 
PM10 emissivity is reduced by 46.1% compared to the actual scenario. The PM10 
emission is a key indicator for reducing the air pollution.
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Fig. 26.5 Comparisons of monthly CO2 emissions between actual scenario and improved scenario 

Fig. 26.6 Compariosons of monthly PM10 particles between existing condition and improved 
scenario 

26.5.4 Financial Costs 

Finally, a financial analysis are carried out for existing situation improved scenario, 
(See Fig. 26.7). It can be seen that the annual building’s maintenance costs (heating 
and cooling) are reduced by 49% in the improved scenario compared to the existing 
condition. The highest costs are observed during the winter months, while the lowest 
during May, June and September, when the outside temperature is closest to the inside
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Fig. 26.7 Comparisons of monthly PM10 particles between actual condition and improved scenario 

temperature. This analysis proves the role of the thermal insulation of the envelope 
in the reducing of the building’s maintenance costs. 

26.5.5 Key Indicators Summary 

The key indicators that play the most important role in the evaluation of the energy 
efficiency improvement of the building are summarized in Table 26.2. By com-paring 
the indicators of the actual scenario (existing condition) and the improved scenario, it 
can be concluded that the proper building renovation can significantly reduce energy 
consumption, emissions, financial costs, and improve the general energy performance 
of the building. 

26.6 Conclusion 

Reducing the building’s energy consumption and greenhouse gases, lowering the 
financial costs, improving the thermal comfort and lifespan of the building, are both 
energy efficiency and CE key indicators which must be analyzed before the renova-
tion of existing buildings. All of the above mentioned key indicators are analyzed 
in this paper in order to evaluate the improvement of the energy performance of 
an existing building after its renovation. For that purpose, a simulation of both, the 
existing condition of the building and the improved renovated scenario with new 
façade material application were made. The results showed that the buildings energy 
efficiency is significantly improved in terms of reducing the heating energy consump-
tion by 65%, electrical energy consumption by 40%, CO2 emissions by 55%, PM10
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particles by 46%, and the financial costs by 49%. It can be concluded that the key 
indicators play a big role in the energy efficiency and CE improvement evaluation. 
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