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Executive Summary 

This document briefly presents information about the current state of ten multi-apartment buildings in five 

pilot countries. They are different by age, size, climate and type. For all of them measures for renovation are 

proposed, divided in two large groups, (a) reduction of energy consumption and (b) introduction of 

renewables. Most of the measures can be proposed for all the buildings, with slight variations due to 

differences in their current condition (e.g. envelope and heating system) and climate. Some of them are 

applicable just to one building or several of them. 

At the beginning, detailed approach and methodology used in this document has been given and described. 

This document is intended to be used as a guideline for renovation steps for ten buildings covered by it. This 

document is neither preliminary nor detailed energy audit. It will be used by community staff, energy 

managers in utility companies, and it should be easily understandable for non-engineering people. 

Therefore, it does not contain detailed technical descriptions of systems, but brief information about 

measures, estimated savings in energy and money (if possible). For each building, an overview table is given, 

containing all available data about all proposed measures, so that anyone (including residents) can have an 

insight of the proposed measures and savings. 
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1. Introduction 

The availability of energy at affordable prices is among the key factors for achieving a sustainable 

development of the society. However, the production of energy and its use significantly affect the 

environment, resulting in local and regional pollution and leading to global climate change. The entire world 

faces the challenge of sustainable development - development that provides security of energy supply while 

reducing negative impacts on the environment. 

Buildings of all types require large amount of energy to maintain design parameters and normal functioning. 

On the other side, this also gives the opportunity for large energy savings. Therefore, energy efficiency of 

buildings has become priority in the public sector, what led to significant energy and cost savings. Recently, 

energy efficiency in residential sector, both for individual houses and multi-apartment buildings, also gained 

a significant interest for tenants, utility companies and investors. 

Among others, benefits of increased energy efficiency of buildings are reduced pollution and global warming. 

However, it is important to emphasize that energy efficiency cannot be considered only through energy 

usage reduction. Such reduction always involves certain sacrifices, e.g. inadequate inner temperature or 

inappropriate lighting, while efficiency means keeping the optimal inner temperature, indoor climate and 

lighting levels by using less energy. 

Depending on the type of the proposed measure, increased energy efficiency can: 

• Reduce the burden on households as energy prices rise, 

• Increase energy security, 

• Increase the investment needed for energy supply, 

• Reduce air pollution and greenhouse gas emissions, 

• Expand employment in unskilled and skilled labour, 

• Reduce demands on national and municipal budgets, 

• Improve economic competitiveness. 

Figure 1 - Multiple benefits of energy efficiency improvements (IEA, 2014) 
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Interventions in residential energy efficiency can lead to significant improvements in the living conditions 

through reduction in energy costs and carbon dioxide emissions. Such interventions for individual houses 

are strongly dependent on the building size and shape, envelope material, construction technique, location, 

and tenant habits since all of this can vary significantly. However, for multi-apartment buildings there are 

typologies that can be applied (e.g. TABULA), making the analysis of energy efficiency measures generally 

easier, and results of analysis mutually comparable. 

1.1. Energy efficiency measures 

Generally, different energy efficiency measures can be proposed, depending on type of building and its Year 

of build, as well as its considered condition and number of tenants. Measures range from simple low-cost to 

complex and (often) expensive deep-renovation. They can target several principal categories: 

• Legal aspects (e.g. billing system for heating), 

• Residents’ behaviour, 

• Building envelope, 

• Heating, ventilation and air-conditioning systems (HVAC), 

• Preparation of domestic hot water (DHW), 

• Electrical energy consumption. 

Some of these measures can be easily implemented for most of buildings (e.g. replacement of lightbulbs), 

others are relatively complex (e.g. heat insulation of walls or replacement of windows), while other requires 

significant investment and detailed analysis (e.g. introduction of heat pumps for heating, cooling and 

preparation of domestic hot water). Finding optimal set of measures to be proposed for a specific building 

is a complex and tedious task, often involving not only engineering aspects, but legal and behavioural as 

well. 

Figure 2 – Schematic representation of different energy efficiency measures (ImgBin, 2018) 

 

In some cases, energy consumption can be remarkably lowered by applying a proper combination of 

measures. Furthermore, the energy required for building could be covered, to a certain extent, from 

renewable sources, either on-site or nearby. This would make the building "nearly zero-energy building", 

meaning that building has an exceedingly high energy performance. 
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It is important to bear in mind that the energy performance also depends on the type of heat generator and 

the distribution system. This is particularly true for buildings where different heat sources are used among 

apartments (e.g. district heating, electrical energy and natural gas). Components of heating system (e.g. 

boilers, valves, circulation pumps) are subjected to shorter renovation cycles or complete changes. 

Table 1 – Energy efficiency measures proposed for multi-apartment buildings 

Group of measures Complexity Main effects and benefits 

Behavioural and legal Simple Financial and energy savings 

Building envelope Simple to moderately complex 
Increased thermal comfort, financial and 
energy savings, increased quality of living 
and comfort, higher real estate value 

Domestic hot water Moderately complex 
Increased living comfort, financial and 
energy savings 

Heating system Moderately complex to complex 
Increased thermal comfort and quality of 
living, decreased pollution, higher real 
estate value 

Electrical systems Simple to complex 
Financial and energy savings, increased level 
of energy consumption control 

 

For the buildings connected to district heating systems, the transition from billing-per-area to billing-per-

actual-consumption is the one of the most desirable measures. This measure can also cause change in 

residents’ behaviour since users will be responsible for managing the energy consumption. However, it can 

be rather complex for implementation, due to the limits in piping system and governmental support. 

1.2. Purpose and goal of this document 

The purpose of this document is to be used as a guideline for renovation and increase of energy efficiency 

of ten multi-apartment residential buildings in five pilot countries. Each pilot country has selected two 

buildings at their own discretion. It is important to mention that this document does not represent any form 

of energy audit, either preliminary of detailed. 

The goal of this document is to analyse all feasible measures leading to the increased energy efficiency. 

Measures are tailored for each building individually, considering the building’s current condition. Following 

information is given for each building: 

• Basic information about building: location, number of apartments and residents. 

• Description of current state and condition of building’s envelope, heating and DHW systems. 

• Information about billing system for heating, DHW and electricity. 

• Description of proposed energy efficiency measures with estimated quantities of materials and 

work required for implementation, and possible savings in energy and money. 

• Overview of measures and energy and financial savings, with aim to enable creation of scenarios. 
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The first part of this document contains description of the methodology and approach to savings calculation 

for every proposed measure. It provides details regarding constraints, estimations and possible 

simplifications in calculations. 

The second part contains the above-mentioned information for the ten buildings in five pilot countries, as 

well as overview tables with savings, required for the development of scenarios. 
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2. Approach and methodology 

The ten buildings in five pilot countries have been visited to acquire all data necessary to make roadmaps 

for their renovation. Part of the information has been collected and prepared by pilots, while visits provided 

(additional) useful information for calculation of heat needs and losses. 

The methodology used in this document (i.e. deliverable) has been devised during detailed energy audits of 

more than 150 multi-apartment residential buildings with approximately 170,000 m2 of heating space, and 

preliminary energy audits of about 2,700 multi-apartment residential buildings with approximately 2.9 

million m2 of heating space, covering all types of buildings, built during last 130 years. The purpose of details 

listed below is to give insight into how calculations are made and what approximations, neglections and 

simplifications have been used to estimate possible savings. 

2.1. Buildings 

The heating space (heating area, in m2) in all calculations is considered to be the area intended for use, but 

not actually in use. To illustrate this, consider an apartment that has two rooms intended to be used, and 

residents use only one room during the heating season to reduce heating costs. For calculation of needs, 

losses, savings and investments, the entire apartment is considered as heating space. It also considers that 

all apartments in buildings are actively used, i.e. there are no vacant apartments. 

Some specific aspects of the envelope have been neglected. For example, it is neglected whether the 

building has only few closed balconies among tens of them. In this case, it is not possible to know what the 

reasons are for their closing (e.g. whether they are used as winter garden or bedroom, since these two have 

crucially different calculation parameters), or the type of material used for closing it (e.g. brick blocks, 

panels). Besides, balconies and terraces, in most cases, are not intended to be the heated space at all. 

The portions of various kinds of windows (e.g. wood, PVC, steel) have been estimated in all cases where it 

was impossible or impractical to get the exact numbers. Going in such details would marginally increase 

accuracy and significantly increase calculation and analyse time. Exceptions are cases where pilots provided 

full detailed list of all windows. 

Common spaces are considered to be the heated space as well, what is confirmed by radiators installed in 

some of the analysed buildings. Therefore, all the measures are proposed for these spaces as well, e.g. 

change of windows and doors. 

The design inner temperature for apartments has been considered to be 20 °C, and for common spaces 15 °C. 

Whenever possible, available national typologies for residential buildings have been used to control 

calculated energy consumptions by comparing calculated values with those listed in typologies for the same 

type and age of building. 

2.2. Calculations 

For calculation of the heat needs, gains and losses in current condition and after the application of each 

measure on the envelope, a specialized software KI Expert has been used. As input, climate data used in the 

software was either provided by pilot or downloaded from available sources on the internet. 
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Only natural ventilation has been considered, e.g. regularly opening windows and doors to exchange old and 

fresh air. No forced ventilation provided by specific systems has been taken into account. 

Only calculated heats and consumption are considered, not the actual ones. For example, if calculation 

shows that 50,000 kWh is enough to maintain design inner temperature in the current condition, that is 

taken as baseline, not the actual energy consumption reported by residents, which can be higher or lower. 

The evaluation of measures in terms of energy and money is then made by comparison by baseline. In this 

way, any bias regarding energy consumption caused by residents’ behaviour is avoided. 

All heat energy needs, losses, gains and savings are expressed in a form of so-called primary energy instead 

of final energy. The primary energy could be considered as “gross energy”, while the final energy could be 

“net energy”. In other words, primary energy is delivered to the user and billed, while final energy is used to 

actually heat the inner space. Obviously, primary energy is reduced toward the final one by a certain degree, 

described as the energy efficiency coefficient (in general, less than 100%). This coefficient depends on many 

factors, and in this document it is evaluated for each building individually, taking into account energy source 

and heating system. In engineering practice, it is not uncommon to express everything in final energy, but 

this document is intended to be used not only by engineers. Therefore, all energies are expressed in the 

form of primary energy, given that the energy users (tenants, residents) are billed for it. In this way, the 

numbers presented in this document will be easily understandable prior further evaluation. 

Energy and fuel prices have been provided by pilots during visits, and therefore considered accurate at the 

time of publishing this document. 

Some of the analysed buildings are connected to district heating system and the billing is based on the 

heated area, i.e. EUR/m2. In such cases, there is no direct connection between unit price of energy (EUR/kWh) 

and total amount of money to be paid for heating. On the other side, it is assumed that the inner temperature 

in the building is achieved and maintained during the heating season. Hence, the unit energy price is 

calculated by dividing the total yearly sum of all bills for all apartments in the buildings (in EUR) by heat 

required to maintain the inner temperature in current condition (i.e. primary energy, in kWh). In this way, 

the unit price of heat energy in EUR/kWh is defined and used for calculation of financial savings. 

The annual energy required for preparation of domestic hot water is usually calculated by taking into account 

yearly hot water consumption (m3/year), temperature of hot water (°C), water heat capacity and density. 

However, consumption among buildings may vary significantly, depending on residents’ habits and 

equipment in bathrooms. It can be anywhere from 30 to 90 litres per person a day, or between 0.5 and 3 

litres per m2 a day. On the other side, the temperature of hot water varies between 40 and 85 °C. Therefore, 

the heat needed for preparation of domestic hot water is calculated in a simplified way, by multiplying 

heating area (in m2) with the specific value of 16 kWh/m2. This value represents the average specific 

consumption determined through detailed energy audits of the residential buildings. 

The electrical energy needed for the lighting system Qel (kWh/year) is calculated as 

el
1,000

n P t
Q

 
=  

where n is number of lightbulbs, P (W) electrical power of single lightbulb and t (h/year) yearly time of using 

lightbulbs. If several types of lightbulbs are used, total consumption is a sum of consumptions for each type. 
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2.3. Investment 

It is important to mention that the exact investment for certain measures can be determined only after the 

in-depth examination of the current state and condition of the building is made. This must be done prior 

commencing any renovation work, and may be done only by certified and authorized companies. This 

includes development of detailed documentation for reconstruction, including (but not limited to) the main 

project, drawings, sketches and plans, detailed bill of materials/quantities and other non-technical (e.g. 

administrative) documentation. Therefore, the specification of materials and works given in this document 

can be considered only as a guideline and for indicative purposes. 

This is particularly true for the proposed measures of installing solar panels for domestic heat water and 

photovoltaics, and change of the entire heating system in the buildings. The investment for such complex 

measures depends on many factors, some of them being dependent on local laws or technical regulations, 

while others on building’s inner configuration. It should be appraised only by licensed professionals, who will 

know and understand the local market of the pilot country, and only after the detailed project is already 

developed. Such an approach provides a more accurate estimation of the investment at any given moment, 

what is particularly important considering current significant fluctuations in prices of materials and workforce. 

2.4. Measures for energy consumption reduction 

These measures are targeting reduction of consumption of energy used for heating of living space and 

electrical energy used for preparation of domestic hot water (where applicable), lighting, home appliances 

and other processes/activities. Most of the measures in this group are applied to the building’s envelope, 

reducing heat losses (in winter) or gains (in summer), and their implementation is relatively complex. 

Energy savings for measures on envelope are calculated as 

saving in energy = Qcurrent – Qafter measure 

where Qcurrent (in kWh/year) is heat required to maintain thermal comfort in current condition of building, 

and Qafter measure (in kWh/year) is heat required after implementation of certain measure. Financial savings 

are calculated simply by multiplying energy savings with the price of energy. 

saving in money = (saving in energy) × (unit price of energy) 

The application of each measure yields certain savings, while greater saving can be achieved through their 

combination. In this case, the proposed measures are thermal insulation of outer walls, thermal insulation 

of ceiling/roof, change of outer doors and windows and thermal insulation of cellar ceiling (where applicable). 

All calculations are done in accordance with ISO 13790, which is replaced by ISO 52016-1 in 2017. 

Similar approach is used for measures regarding electrical energy consumption. Energy saving achieved by 

the implementation of measure is calculated as difference between the current state of consumption and 

the state after the application of the measure. 

saving in energy = Qel – QLED 

Here, Qel (in kWh/year) is electrical energy currently consumed by lighting devices in building, and QLED (in 

kWh/year) is electrical energy required after replacement of all existing bulbs with the LED ones. 

Afterwards, financial saving is calculated by multiplying energy savings by unit price of electrical energy. 
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saving in money = (saving in energy) × (unit price of electrical energy) 

The proposed replacement for conventional incandescent lightbulbs are the LED ones, with similar light 

characteristics. Currently, mix of lightbulbs with various wattages is installed in the buildings, but it is 

accurate enough to estimate that average wattage is 75 W. This can be replaced with 10 W LED bulb, 

1,200 lm and appropriate colour temperature (e.g. 2700 K, warm white). For lighting, saving is direct 

consequence of reduced power of lightbulbs (using regime is not changed). 

The proposed measure for electrical water heaters (where applicable) is to install heaters with twin-tank 

technology and, preferably, smart control. Because of constant monitoring of water flow and temperature, 

as well as reduced electrical input of heater (usually 1.5 kW instead of common 2.0 kW), it can decrease 

energy consumption by as much as 25%. However, in reality it can be approximately 10%. Even though this 

measure is easy to be made (it is simple replacement of water heater), it is unknown if there are any of these 

heaters already installed and if the residents are willing to make this change. Due to high price of such water 

heaters (from 200 to 350 EUR, depending on capacity) and relatively low savings, this measure is not 

analyzed. 

All measures regarding the heating system are yielding energy savings by increasing the efficiency of the 

system or its components. By installing new radiators, piping, regulation valves and circulation pumps, the 

efficiency of the entire system can be increased up to 15%, but in average it is about 10%. In fact, change of 

every component increases efficiency to a certain degree. However, to know exactly what component needs 

to be changed or replaced, a detailed insight in building heating system needs to be done. If a building is 

connected to district heating system, only a limited number of measures can be proposed, because the key 

ones (e.g. measures for boilers, burners, pumps, balancing etc.) are the responsibility of the district heating 

company, and not of the residents. 

The installation of thermostatic valves on radiators can usually reduce energy consumption by 5%, since 

there will be no overheating of living space and every room will be heated to the appropriate temperature. 

One of the measures that can yield energy savings for buildings connected to district heating system is 

transition from billing per heated area (EUR/m2) to billing per actual consumption of heat energy (EUR/kWh). 

Saving is achieved because the users would take care about energy consumption, therefore reducing, for 

instance, unnecessary opening windows or other things leading to energy waste. It is estimated that energy 

saving can be up to 10%. 

For home appliances, saving is a result of the introduction of more efficient devices (e.g. induction instead 

of conventional electrical stove). However, it is extremely difficult to consider this measure without detailed 

knowledge about currently used home appliances, e.g. what number, kinds and types are used, what is their 

age and using regime. It is reasonable to assume that the residents already changed some of appliances with 

the efficient ones, and that the rest will be replaced in near future. Generally, modern highly efficient home 

appliances are expensive, and savings they offer are moderate at best. Therefore, feasibility of this measure 

must be carefully analysed before proposing it. Due to all mentioned reasons, this measure is not proposed 

or considered in this document. 

One of the measures that can also lead to a reduced energy consumption is education of residents. In this 

way, they can learn how to properly use energy and how to change habits or adjust them to match actual 

building’s condition. It is hard to estimate savings in this case, since it is very subjective and dependent on 

many factors. Generally, larger the building greater the saving, though the saving is hard to achieve. Usually, 
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it is up to 10% in non-renovated buildings and up to 2% in fully renovated buildings. Investment is also 

dependent on many factors, including form and duration of training, number of trainees and trainers. 

2.5. Measures for introduction of renewable energy sources 

For preparation of domestic hot water (DHW), the recommended average value of 16 kWh/m2 per year has 

been used as the baseline. Possible savings achievable through the installation of solar collectors are 

calculated by taking average insolation at buildings’ location into account. It is assumed that collectors will 

be installed at the roof, sloped under optimal angles, while piping system and boilers will be located at 

appropriate and convenient places within the building. The entire amount of energy gained by using 

collectors is considered as saved energy, and financial saving is calculated by multiplying this amount of 

energy by its unit price. In some cases, calculation shows that is possible to make more domestic hot water 

by solar panels than it is required in current condition (i.e. calculated as baseline). This is the case if enough 

roof area is available for panels and if insolation is intensive enough. 

For electrical energy, the installation of photovoltaics (PV) panels on the building roof has been proposed as 

the measure to introduce renewables. It is important to mention that saving is calculated based on available 

insolation at building’s location, and average values of efficiency of such systems. Saving achievable through 

this measure is simply the amount of electrical energy possible to produce at building’s site. There are no 

details regarding what to do with energy produced on site. The reason for this is a significantly different 

legislation in every pilot country that relates to producing electrical energy by PV. This energy can be stored 

in batteries and used as needed, entirely sold on the market, or used in combination with net metering. This 

depends on several factors, and this decision should and can be made only after careful examination of 

legislation and technical aspects for each building individually. However, to give these savings a financial 

value, they are multiplied with current price of electrical energy. 

It is important to mention that both solar collectors and PV panels are to be installed on the building’s roof. 

In case there is enough space on the roof to install both, priority is given to collectors (in amount that is 

enough to cover needs for domestic hot water), and remaining roof area(s) are intended to be used for PV 

panels. However, in case there is no enough space to install both, investor(s) should make decision what is 

to be installed. 

2.6. Combining energy efficiency measures 

Every measure requires investment to be made, and gives savings in energy and money. However, it is 

possible to combine several measures to achieve even greater savings. For instance, it is reasonable to 

combine implementation of all measures for building’s envelope at the same time, i.e. to simultaneously 

insulate walls, roof and cellar’s ceiling and replace windows and doors. In this way, condition of building is 

significantly improved, and all parts of building’s envelope are renovated. Certainly, investment in such cases 

can be considerably higher. 

This combination of measures can be considered a scenario, and it can contain two or more measures. It is 

possible to make several scenarios for any building, often intentionally having quite different outcomes. For 

better understanding of the scenario, an overview as given in Table 2 can be useful. 

Table 2 – Scenarios for implementation of energy efficiency measures 
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Measure 
Investment 

Heat 
energy 
saving 

Electrical 
energy 
saving 

Heat 
energy 
saving 

Electrical 
energy 
saving 

Simple 
payback 
period 

EUR kWh/year kWh/year EUR/year EUR/year years 

Measure 1 I1 HESe1 EESe1 HESm1 EESm1 SPP1 

Measure 2 I2 HESe2 EESe2 HESm2 EESm2 SPP2 

Measure 3 I3 HESe3 EESe3 HESm3 EESm3 SPP3 

SUM for scenario I HESe EESe HESm EESm SPP 

 

Simple payback period (SPP) for scenario that includes Measure 1, Measure 2, and Measure 3 (Table 2) can 

be calculated as 

I
SPP

HESm EESm
=

+
 

where I (EUR) is total investment, and HESm (EUR) and EESm (EUR) savings in money for heat and electrical 

energy, respectively. Total investment is sum of investments for individual measures, or 

1 2 3I I I I= + +  

Similarly, savings in money for heat and electrical energy are calculated as sums of respective savings for 

individual measures, or 

1 2 3HESm HESm HESm HESm= + +  

1 2 3EESm EESm EESm EESm= + +  

In this way, it is possible to combine measures focusing on heat energy with those focusing on electrical 

energy. Generally, it is not uncommon that various scenarios have significantly different simple payback 

periods. 

Beside simple payback period, there are several other, more advanced, economic indicators used to analyse 

investment and future cash flow, such as internal rate of return (IRR) or net present value (NPV). However, 

since this document does not contain information about investment, and considering that the understanding 

of the mentioned indicators requires the knowledge that most users of this document may not have, they 

are not analysed. Nevertheless, it is strongly advised to consider them once the investment is known, i.e. 

after making the detailed project of building’s reconstruction and bill of quantities. In this way, it is possible 

to fully justify measures or their combination prior to commencing the reconstruction. 

In certain cases, it is necessary to take care about the logic of combinations of measures included in the 

scenario. It can happen that some measure excludes other(s). For instance, replacement of the entire 

heating system is not possible to combine with the installation of thermostatic valves, since the former 

includes the latter. In addition, where there are changes in heating system, correct energy price and system 

efficiency must be considered in order to properly calculate savings in the scenario. This is the case when, 

for instance, a switch from natural gas is made to pellets. 

All measures for all the buildings presented and proposed in this document can be mutually combined in 

any arrangement. This is intentionally made, since this document will not be used only by engineers. 
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It is important to mention that the implementation of the measures may include auxiliary works that are not 

directly connected with the improved energy efficiency. An example would be the change of rain gutters 

that are in bad condition, which, in case they remain unchanged, can slowly damage insulated walls due to 

uncontrolled water flow during rains, leading to the increased heat losses and decreased energy efficiency. 

Such auxiliary works are recommended but not required to complete the renovation process of the building’s 

envelope. Therefore, they often are not included in the investment for measure, but rather listed separately. 

It is highly advised to include all auxiliary works in the investment when considering any energy efficiency 

measure. 
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3. Bulgaria 

3.1. zh.k. Slaveykov 1 B, Burgas 

Current condition 

The following photos show the building and its current condition. 

Figure 3 – Building at zh.k. Slaveykov 1 B, Burgas 

    

    

The following tables give details about the building’s heating system and the envelope. 

Table 3 – General information about building 

Address Bl. #1 B, zh.k. Slaveykov, Burgas 

Location 42.516258372665924, 27.459818045856927 

Year of build 1975 

Number of apartments 256 

Number of residents 576 

Heated area 24,319 m2 

Remarks There are 8 small stores at the ground level. 
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Table 4 – Information about building envelope 

Composition of outer walls Prefabricated light concrete blocks, 20 cm 

Area of outer walls 13,360 m2 

Outer windows and doors 

Wooden frame, single and double glazing 1,609 m2 
PVC frame, double glazing 1,567 m2 
PVC frame, triple glazing 454 m2 
Aluminium frame, double or triple glazing 495 m2 
In total 1,397 windows and doors with 4,124 m2 

Roof type Walkable flat roof 

Roof composition Reinforced concrete 12 cm, expanded clay 5 cm, hydro-isolation 

Roof area 2,931 m2 

Floor type Ground 

Table 5 – Information about heating system 

Heating system District heating 

Fuel Natural gas 

Heating season start October 25th 

Heating season end April 19th 

Remarks 

The central heating plant regulates the temperature of the supplied water 
depending on the outside temperature. The supply station does a second 
adjustment in the building supply water temperature, depending on the 
outside temperature. 
Dates are approximate, but it usually depends on the outside temperature 
and weather forecast. Common reason for starting the heating is average 
daily temperature of 7 °C or lower. 
All radiators are equipped with thermostatic valves. 
Some apartments are equipped with air conditioners that are occasionally 
used for heating as well. 

Table 6 – Information about lighting system 

Lightbulbs in apartments 
Average power per apartment is about 290 W (1×100 W and 2×75 W 
incandescent, 4×10 W LED), all with base E27. 

Lightbulbs in common 
spaces 

LED lightbulbs, 2 bulbs per floor per entrance. 
Automatically switched off after 30 to 60 seconds. 

Table 7 – Information about domestic hot water system 

Energy source Electrical energy 

Description of system Individual electrical boilers 
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Table 8 – Energy requirements in current condition 

Heating 1,965,118 kWh/year, 80.81 kWh/m2year 

Domestic hot water 389,104 kWh/year 

Lighting 130,836 kWh/year, 5.38 kWh/m2year 

Table 9 – Information about energy and fuel prices 

Natural gas 160 BGN/MWh 

Pellets 151 BGN/MWh 

District heating 90 BGN/MWh 

Electricity 175 BGN/MWh (average), 205 BGN/MWh (day), 115 BGN/MWh (night) 

Proposed measures 

The following tables describe the proposed measures, approximate amounts of materials and workforce (if 

possible) required for its implementation, including savings expressed in energy (kWh/year) and money 

(BGN/year). All is calculated in accordance with the methodology and conditions described in Chapter 2. 

Table 10 – Measures for building’s envelope 

Description Thermal insulation of outer walls with mineral wool panels (12 cm) and XPS 
panels (12 cm) in wetting zone, with all additional work around openings. 
Finishing according to manufacturer’s specification. 

Amount 13,360 m2 

Savings 605,412 kWh/year, 24.89 kWh/m2year, 30,81% 
54,487 BGN/year 

Description Thermal insulation of walkable roof with XPS panels (12 cm) and placing of 
new hydro-isolation. Finishing with gravel or concrete tiles. 

Amount 2,931 m2 

Savings 319,499 kWh/year, 13.14 kWh/m2year, 16.26% 
28,755 BGN/year 

Description Replacement of inadequate windows and doors with the new triple-glazed 
low-E PVC framed ones, with Uw=1.0 W/m2K. 
Replacement of entrance doors with new aluminium doors with thermal 
disjunction, with Uw=1.2 W/m2K. 

Amount 3,671 m2 

Savings 332,990 kWh/year, 13.69 kWh/m2year,16.95% 
29,970 BGN/year 

Table 11 – Measures for building’s heating, DHW and lighting system 

Description Changing of incandescent lightbulbs with the LED ones. 

Amount 768 LED lightbulbs, 15 W 

Savings 77,582 kWh/year, 3.19 kWh/m2year, 59.30% 
13,576 BGN/year 

Description Installation of flat plate solar collectors for preparation of domestic hot 
water (DHW). The system must be connected to the existing one with the 
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heat exchanger located in substation. Estimated hot capacity of hot water 
tanks 20,000 litres. Includes regulation, solar pump group, expansion vessels 
and piping distribution system. 

Amount 350 m2 of collectors, tanks with capacity of 20,000 litres, installation and 
piping according to the main project. 

Savings 298,935 kWh/year, 12.29 kWh/m2year, 76.83% 
52,325 BGN/year 

Description Installation of photovoltaic panels, total capacity of 220 kW. The measure 
includes development of the main project and other technical 
documentation, installation of FN module, DC/AC inverter, supports, all 
required cables and wirings, control and automation system and testing of 
equipment. 

Amount 1,500 m2 of PV panels, capacity 220 kW 

Savings 297,000 kWh/year, 12.21 kWh/m2year 
51,975 BGN/year 

Remarks 

As it is possible to see, the energy required for heating is reduced by 64% by fully insulating the building’s 

envelope. The measure that contributes the most is insulation of walls, which reduces the heat needs by 

31%. Switching to LED lightbulbs could reduce electrical energy consumption for lighting by 59%. Solar 

panels installed on the roof could provide 76% of the domestic hot water need of the building. 
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3.2. zh. k. Zornitsa 7, Burgas 

Current condition 

The following photos show the building and its current condition. 

Figure 4 – Building at zh.k. Zornitsa 7, Burgas 

       

       

The following table gives details about the building heating system and the envelope. 

Table 12 – General information about building 

Address Bl. #7, zh.k. Zornitsa, Burgas 

Location 42.516621260938365, 27.46416386281341 

Year of build 1975 

Number of apartments 57 

Number of residents 83 

Heated area 3,021 m2 

Remarks - 
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Table 13 – Information about building envelope 

Composition of outer walls 
Prefabricated light concrete blocks, 20 cm 
Prefabricated light concrete blocks, 20 cm, with 5 cm insulation 

Area of outer walls 
1,776 m2 

785 m2 

Outer windows and doors 

Wooden frame, single and double glazing 182 m2 
PVC frame, double glazing 261 m2 
Aluminium frame, double or triple glazing 23 m2 
In total 213 windows and doors with 466 m2 

Roof type Walkable flat roof 

Roof composition 
Reinforced concrete 12 cm, air 2 cm, expanded clay 5 cm, reinforced 
concrete 12 cm 

Roof area 262 m2 

Floor type Unheated cellar, fully underground 

Table 14 – Information about heating system 

Heating system District heating 

Fuel Natural gas 

Heating season start October 25th 

Heating season end April 19th 

Remarks 

The central heating plant regulates the temperature of the supplied water 
depending on the outside temperature. The supply station does a second 
adjustment in the building supply water temperature, depending on the 
outside temperature. 
Dates are approximate, but it usually depends on the outside temperature 
and weather forecast. Common reason for starting the heating is average 
daily temperature of 7 °C or lower. 
All radiators are equipped with thermostatic valves. 
Some apartments are equipped with air conditioners that are occasionally 
used for heating as well. 

Table 15 – Information about lighting system 

Lightbulbs in apartments 
Average power per apartment is about 275 W (3×75 W incandescent, 
2×10 W LED, 2×15 W LED), all with base E27. 

Lightbulbs in common 
spaces 

LED lightbulbs, 2 bulbs per floor per entrance. 
Automatically switched off after 30 to 60 seconds. 

Table 16 – Information about domestic hot water system 

Energy source Electrical energy 

Description of system Individual electrical boilers 

 

 

Table 17 – Energy requirements in current condition 
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Heating 232,484 kWh/year, 77.62 kWh/m2year 

Domestic hot water 48,336 kWh/year 

Lighting 21,781 kWh/year, 7.21 kWh/m2year 

Table 18 – Information about energy and fuel prices 

Natural gas 160 BGN/MWh 

Pellets 151 BGN/MWh 

District heating 90 BGN/MWh 

Electricity 175 BGN/MWh (average), 205 BGN/MWh (day), 115 BGN/MWh (night) 

Proposed measures 

The following tables describe the proposed measures, approximate amounts of materials and workforce (if 

possible) required for its implementation, including savings expressed in energy (kWh/year) and money 

(BGN/year). All is calculated in accordance with the methodology and conditions described in Chapter 2. 

Table 19 – Measures for building’s envelope 

Description Thermal insulation of outer walls with mineral wool panels (10 cm) and XPS 
panels (10 cm) in wetting zone, with all additional work around openings. 
Finishing according to manufacturer’s specification. 

Amount 2,561 m2 

Savings 81,043 kWh/year, 28.15 kWh/m2year, 36.27% 
7,294 BGN/year 

Description Thermal insulation of walkable roof with XPS panels (10 cm) and placing of 
new hydro-isolation. Finishing with gravel or concrete tiles. 

Amount 262 m2 

Savings 38,235 kWh/year, 12.66 kWh/m2year, 16.31% 
3,441 BGN/year 

Description Replacement of inadequate windows and doors with the new triple-glazed 
low-E PVC framed ones, with Uw=1.0 W/m2K. 
Replacement of entrance doors with new aluminium doors with thermal 
disjunction, with Uw=1.2 W/m2K. 

Amount 466 m2 

Savings 29,893 kWh/year, 9.90 kWh/m2year, 12.75% 
2,690 BGN/year 

Description Thermal insulation of unheated cellar’s ceiling with 10 cm thick EPS panels, 
with other auxiliary works 

Amount 262 m2 

Savings 5,311 kWh/year, 1.76 kWh/m2year, 2.26% 
477 BGN/year 

 

Table 20 – Measures for building’s heating, DHW and lighting system 

Description Changing of incandescent lightbulbs with the LED ones. 
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Amount 171 LED lightbulbs, 15 W 

Savings 14,078 kWh/year, 4.66 kWh/m2year, 64.63% 
2,464 BGN/year 

Description Installation of flat plate solar collectors for preparation of domestic hot 
water (DHW). The system must be connected to the existing one with the 
heat exchanger located in substation. Estimated hot capacity of hot water 
tanks 6,000 litres. Includes regulation, solar pump group, expansion vessels 
and piping distribution system. 

Amount 100 m2 of collectors, tanks with capacity of 6,000 litres, installation and 
piping according to the main project 

Savings 88,257 kWh/year, 29.21 kWh/m2year, 182% (more than needed) 
15,446 BGN/year 

Description Installation of photovoltaic panels, total capacity of 15 kW. The measure 
includes development of the main project and other technical 
documentation, installation of FN module, DC/AC inverter, supports, all 
required cables and wirings, control and automation system and testing of 
equipment. 

Amount 100 m2 of PV panels, capacity 15 kW 

Savings 19,800 kWh/year, 6.55 kWh/m2year 
3,465 BGN/year 

Remarks 

As it is possible to see, the energy required for heating is reduced by 68% by fully insulating the building’s 

envelope. The measure that contributes the most is insulation of walls, which reduces the heat needs by 

36%. This is not unexpected, considering building’s geometry, i.e. high-rise, with significantly larger 

proportion of outer walls than roof surface in envelope. The insulation of roof contributes only 16% in total 

savings, due to relatively small area in comparison to walls. Switching to LED lightbulbs could reduce 

electrical energy consumption for lighting by 65%. Solar panels installed on the roof could provide 183% of 

domestic hot water in the building, i.e. significantly more than necessary. 
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4. Hungary 

4.1. Sramli utca 1-5, Budapest 

Current condition 

The following photos show the building and its current condition. 

Figure 5 – Building at Sramli utca 1-5, Budapest 
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The following photos show details of the heating system used in the building. Beside pipes of heating system, 

in Figure 6 it is possible to see piping for domestic hot water, since it is provided by the same utility company 

as district heating. 

Figure 6 – Details of heating system in building and apartments 

    

    

The following photos show the lighting system in building and lightbulbs. The lighting in common spaces has 

been partially renovated (LED lightbulbs and motion sensors installed). The lighting in apartments uses 

various types of bulbs, usually incandescent and LED, whereas the latter being more and more used. 

Figure 7 – Details of lighting system in common spaces and apartments 

    

Figure 8 – Thermography of building 
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Table 21 – General information about building 

Address Sramli utca 1-5, Budapest 

Location 47.59659538953291, 19.04716519422033 

Year of build 1975 (2016 partially renovated) 

Number of apartments 96 

Number of residents 150 

Heated area 5,392 m2 

Remarks The building has 5 separate entrances. 

Table 22 – Information about building envelope 



 

29 
 
 
 

Composition of outer walls 
Two layers of reinforced concrete with insulation between 38 cm 
Two layers of reinforced concrete with insulation between 38 cm, EPS 10 cm 

Area of outer walls 
3,516 m2 

1,857 m2 

Outer windows and doors 

Wooden frame, single and double glazing 389 m2 
PVC frame, double or triple glazing 450 m2 
Aluminium frame, double or triple glazing 8 m2 
In total 353 windows and doors with 847 m2 

Roof type Walkable flat roof 

Roof composition Reinforced concrete 15 cm, thermal insulation 5 cm, bitumen 

Roof area 1,269 m2 

Floor type Unheated cellar, 1.0 m underground and 1.3 m aboveground 

Table 23 – Information about heating system 

Heating system District heating 

Fuel Natural gas 

Heating season start October 15th  

Heating season end April 15th  

Remarks 

Dates are approximate, but it usually depends on the outside temperature 
and weather forecast. Common reason for starting the heating is average 
daily temperature of 10 °C or lower. 
Heating is reduced overnight from 22 until 7. 
One heat meter for the entire building. Substation is not accessible, except 
for authorised personnel. It contains heat exchanger, circulation pumps, 
valves and heat meters. 
Piping in cellar is in good condition, but its insulation is not. 
All radiators are equipped with thermostatic valves. 
Some apartments are equipped with air conditioners that are occasionally 
used for heating as well. 

Table 24 – Information about lighting system 

Lightbulbs in apartments 
Average power per apartment is about 360 W (4×75 W incandescent, 
4×15 W LED). 

Lightbulbs in common 
spaces 

LED lightbulbs. Motion sensors. 

Table 25 – Information about domestic hot water system 

Energy source Natural gas 

Description of system 
Local utility company uses district system for preparation and distribution of 
domestic hot water. Consumption is measured for each apartment 
individually. There are no heating devices installed in the building. 

 

Table 26 – Energy requirements in current condition 
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Heating 950,212 kWh/year, 176.23 kWh/m2year 

Domestic hot water 86,272 kWh/year 

Lighting 33,215 kWh/year, 6.16 kWh/m2year 

Table 27 – Information about energy and fuel prices 

District heating 9,344 HUF/MWh 

Domestic hot water 9,344 HUF/MWh 

Electricity 37,460 HUF/MWh 

Proposed measures 

The following tables describe the proposed measures, approximate amounts of materials and workforce (if 

possible) required for its implementation, including savings expressed in energy (kWh/year) and money 

(HUF/year). All is calculated in accordance with the methodology and conditions described in Chapter 2. 

Table 28 – Measures for building’s envelope 

Description Thermal insulation of outer walls with mineral wool panels (12 cm) and XPS 
panels (12 cm) in wetting zone, with all additional work around openings. 
Finishing according to manufacturer’s specification. 

Amount 3,516 m2 

Savings 233,489 kWh/year, 43.30 kWh/m2year, 24.57% 
2,181,721 HUF/year 

Description Thermal insulation of walkable roof with XPS panels (10 cm) and placing of 
new hydro-isolation. Finishing with gravel or concrete tiles. 

Amount 1,269 m2 

Savings 100,822 kWh/year, 18.70 kWh/m2year, 10.61% 
942,081 HUF/year 

Description Replacement of inadequate windows and doors with the new triple-glazed 
low-E PVC framed ones, with Uw=1.0 W/m2K. Replacement of entrance doors 
with new aluminium doors with thermal disjunction, with Uw=1.2 W/m2K. 

Amount 846 m2 

Savings 160,680 kWh/year, 29.80 kWh/m2year, 16.91% 
1,501,394 HUF/year 

Description Thermal insulation of unheated cellar’s ceiling with 10 cm thick EPS panels. 

Amount 1,269 m2 

Savings 35,587 kWh/year, 6.60 kWh/m2year, 3.75% 
332,525 HUF/year 

 

 

 

Table 29 – Measures for building’s heating, DHW and lighting system 

Description Changing of incandescent lightbulbs with the LED ones. 
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Amount 384 LED lightbulbs, 15 W 

Savings 21,460 kWh/year, 3.98 kWh/m2year, 64.61% 
803,892 HUF/year 

Description Installation of flat plate solar collectors for preparation of domestic hot 
water (DHW). The system must be connected to the existing one with the 
heat exchanger located in substation. Estimated hot capacity of hot water 
tanks 6,300 litres. Includes regulation, solar pump group, expansion vessels 
and piping distribution system. 

Amount 100 m2 of collectors, tanks with capacity of 6,300 litres, installation and 
piping according to the main project 

Savings 83,804 kWh/year, 15.54 kWh/m2year, 97.14% 
783,065 HUF/year 

Description Installation of photovoltaic panels, total capacity of 72 kW. The measure 
includes development of the main project and other technical 
documentation, installation of FN module, DC/AC inverter, supports, all 
required cables and wirings, control and automation system and testing of 
equipment. 

Amount 500 m2 of PV panels, capacity 72 kW 

Savings 89,700 kWh/year 
3,360,162 HUF/year 

Remarks 

As it is possible to see, the energy required for heating is reduced by 56% by fully insulating the building 

envelope. This is not as much as may be expected, but a significant part of this building block is already 

insulated. The measure that contributes the most is insulation of walls, which reduces the heat needs by 

25%. Switching to LED lightbulbs could reduce electrical energy consumption for lighting by 65%. Solar 

panels installed on the roof could provide 97% of domestic hot water in the building, i.e. nearly all hot water.  
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4.2. Tímár utca 15, Budapest 

Current condition 

The following photos show the building and its current condition. 

Figure 9 – Building at Tímár utca 15, Budapest 
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The following photos show details of furnaces and boilers used for heating of apartments, as well as piping 

used for gas distribution in apartments. 

Figure 10 – Details of heating system in building and apartments 

    

The following photos provide details of building’s condition through thermography. In this way, it is possible 

to give a qualitative evaluation of the envelope’s condition. 

Figure 11 – Thermography of building 

    

    

 

 

 

The following table gives details about the building heating system and the envelope. 
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Table 30 – General information about building 

Address Tímár utca 15, Budapest 

Location 47.534729194714956, 19.038644957816526 

Year of build 1899 

Number of apartments 36 

Number of residents 50 

Heated area 1,463 m2 

Remarks  

Table 31 – Information about building envelope 

Composition of outer walls Plastering 5 cm, solid brick 65 cm 

Area of outer walls 2,348 m2 

Outer windows and doors 

Wooden frame, single and double glazing 215 m2 
PVC frame, double or triple glazing 151 m2 
Steel frame, without glazing 5 m2 
In total 96 windows and doors with 372 m2 

Roof type Unheated and vented attic, wooden roof construction, covered by clay tiles 

Ceiling composition Wood beams, wood boards, filling of clay, gravel and slag 

Ceiling area 570 m2 

Floor type Unheated cellar, 1.6 m underground and 0.6 m aboveground 

Table 32 – Information about heating system 

Heating system Individual gas furnaces and combined condensing boilers 

Fuel Natural gas 

Heating season start 
When necessary, for each apartment individually. 

Heating season end 

Remarks 
Some apartments are equipped with air conditioners that are occasionally 
used for heating as well. 

 

The lighting in common spaces has been renovated (LED lightbulbs and timers installed). The lighting in 

apartments uses various types of bulbs, usually incandescent and LED, whereas the latter being more and 

more used. 

Table 33 – Information about lighting system 

Lightbulbs in apartments 
Average power per apartment is about 195 W (2×75 W incandescent, 
3×15 W LED). 

Lightbulbs in common 
spaces 

LED lightbulbs, motion sensors. 

Table 34 – Information about domestic hot water system 
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Energy source Natural gas, electrical energy 

Description of system Individual gas and electrical boilers 

Table 35 – Energy requirements in current condition 

Heating 243,271 kWh/year, 166.28 kWh/m2year 

Domestic hot water 23,408 kWh/year 

Lighting 7,681 kWh/year, 5.25 kWh/m2year 

Table 36 – Information about energy and fuel prices 

Natural gas 10,314 HUF/MWh 

Electricity 37,460 HUF/MWh 

Proposed measures 

The following tables describe the proposed measures, approximate amounts of materials and workforce (if 

possible) required for its implementation, including savings expressed in energy (kWh/year) and money 

(HUF/year). All is calculated in accordance with the methodology and conditions described in Chapter 2. 

Table 37 – Measures for building’s envelope 

Description Thermal insulation of outer walls with mineral wool panels (10 cm) and XPS 
panels (10 cm) in wetting zone, with all additional work around openings. 
Finishing according to manufacturer’s specification. 

Amount 1,319 m2 

Savings 89,150 kWh/year, 60.94 kWh/m2year, 36.65% 
919,493 HUF/year 

Description Thermal insulation of ceiling towards unheated attic. Insulating with mineral 
wool panels (10 cm), covered with wood boards. 

Amount 570 m2 

Savings 14,091 kWh/year, 9.63 kWh/m2year, 5.79% 
145,335 HUF/year 

Description Replacement of inadequate windows and doors with the new triple-glazed 
low-E PVC framed ones, with Uw=1.0 W/m2K. Replacement of entrance doors 
with new aluminium doors with thermal disjunction, with Uw=1.2 W/m2K. 

Amount 372 m2 

Savings 53,975 kWh/year, 36.89 kWh/m2year, 22.19% 
504,342 HUF/year 

Description Thermal insulation of unheated cellar’s ceiling with 10 cm thick EPS panels. 

Amount 430 m2 

Savings 13,997 kWh/year, 9.57 kWh/m2year, 5.75% 
130,788 HUF/year 

Description Closing staircases toward atrium in central part of building. Doors made of 
aluminium profiles with thermal disjunction, Uw=1.2 W/m2K. 

Amount 42 m2 
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Savings 11,105 kWh/year, 7.59 kWh/m2year, 4.56% 
103,765 HUF/year 

Table 38 – Measures for building’s heating, DHW and lighting system 

Description Changing of incandescent lightbulbs with the LED ones. 

Amount 384 LED lightbulbs, 15 W 

Savings 3,248 kWh/year, 2.22 kWh/m2year, 42.29% 
121,670 HUF/year 

Description Installation of flat plate solar collectors for preparation of domestic hot 
water (DHW). The system must be connected to the existing one with the 
heat exchanger located in substation. Estimated hot capacity of hot water 
tanks 2,000 litres. Includes regulation, solar pump group, expansion vessels 
and piping distribution system. 
If necessary, include support construction that will be connected to the 
existing structure of building. 

Amount 30 m2 of collectors, tanks with capacity of 2,000 litres, installation and piping 
according to the main project 

Savings 25,141 kWh/year, 17.18 kWh/m2year, 107.40% (more than needed) 
259,304 HUF/year 

Description Installation of photovoltaic panels, total capacity of 14 kW. The measure 
includes development of the main project and other technical 
documentation, installation of FN module, DC/AC inverter, supports, all 
required cables and wirings, control and automation system and testing of 
equipment. 
If necessary, include support construction that will be connected to the 
existing structure of the building. 

Amount 100 m2 of PV panels, capacity 14 kW 

Savings 17,928 kWh/year, 12.25 kWh/m2year 
671,583 HUF/year 

Remarks 

As it is possible to see, the energy required for heating is reduced by 75% by fully insulating building’s 

envelope. The measure that contributes the most is insulation of walls, which reduces the heat needs by 

37%. Slightly less, 27%, can be achieved by replacing old windows and doors, and closing staircases in the 

inner yard. Switching to LED lightbulbs could reduce electrical energy consumption for lighting by 42%. Solar 

panels installed on the roof could provide 107% of domestic hot water in the building, i.e. slightly more than 

necessary. 
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5. Lithuania 

5.1. Gedimino gatve 30, Kaišiadorys 

Current condition 

The following photos show the building and its current condition. 

Figure 12 – Building at Gedimino gatve 30, Kaišiadorys 
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The following photos show details of the heating system used in the building. Beside pipes of heating system, 

in Figure 13 it is possible to see piping for domestic hot water, since it is provided by the same utility company 

as district heating. 

Figure 13 – Details of heating system in building and apartments 

    

    

The following photos show the lighting system in the building and lightbulbs. The lighting in common spaces 

has been partially renovated (LED lightbulbs and motion sensors installed). The lighting in apartments uses 

various types of bulbs, usually incandescent and LED, whereas the latter being more and more used. 

Figure 14 – Details of lighting system in common spaces and apartments 

    

Figure 15 – Thermography of building 
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The following table gives details about the building heating system and the envelope. 

Table 39 – General information about building 

Address Gedimino gatve 30, Kaišiadorys 

Location 54.86251278951356, 24.45611899820151 

Year of build 1971 (2019 partially renovated) 

Number of apartments 26 

Number of residents 50 

Heated area 1,832 m2 

Remarks Ground level is used for small stores. 

 

Table 40 – Information about building envelope 

Composition of outer walls Concrete blocks and plastering, 45 cm 

Area of outer walls 1,368 m2 

Outer windows and doors 

Wooden frame, single and double glazing 13 m2 
PVC frame, double or triple glazing 256 m2 
Aluminium frame, double or triple glazing 78 m2 
In total 148 windows and doors with 347 m2 

Roof type Walkable flat roof 

Roof composition Reinforced concrete 35 cm, thermal insulation 5 cm 
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Roof area 503 m2 

Floor type Unheated cellar, fully underground 

Table 41 – Information about heating system 

Heating system District heating 

Fuel Woodchips 

Heating season start October 15th  

Heating season end April 15th  

Remarks 

Dates are approximate. Common reason for starting the heating is average 
daily temperature of 10 °C or lower. Heating is reduced overnight. 
One heat meter for the entire building. 
Radiators are not equipped with thermostatic valves. Regulation of water 
temperature is done manually by utility company, after residents ask for 
increase/decrease of water temperature. 

Table 42 – Information about lighting system 

Lightbulbs in apartments 
Average power per apartment is about 270 W (3×75 W incandescent, 
3×15 W LED). 

Lightbulbs in common 
spaces 

LED lightbulbs. Motion sensors. 

Table 43 – Information about domestic hot water system 

Energy source Woodchips 

Description of system 
Local utility company uses district system for preparation and distribution of 
domestic hot water. Consumption is measured for each apartment 
individually. There are no devices installed in the building. 

Table 44 – Energy requirements in current condition 

Heating 398,731 kWh/year, 217.65 kWh/m2year 

Domestic hot water 29,312 kWh/year 

Lighting 8,958 kWh/year, 4.89 kWh/m2year 

Table 45 – Information about energy and fuel prices 

District heating 73 EUR/MWh 

Domestic hot water 73 EUR/MWh 

Electricity 164 EUR/MWh 

Proposed measures 

The following tables describe the proposed measures, approximate amounts of materials and workforce (if 

possible) required for its implementation, including savings expressed in energy (kWh/year) and money 

(EUR/year). All is calculated in accordance with the methodology and conditions described in Chapter 2. 

Table 46 – Measures for building’s envelope 
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Description Thermal insulation of outer walls with mineral wool panels (15 cm) and XPS 
panels (15 cm) in wetting zone, with all additional work around openings. 
Finishing according to manufacturer’s specification. 

Amount 1,368 m2 

Savings 145,482 kWh/year, 79.41 kWh/m2year, 36.49% 
10,620 EUR/year 

Description Thermal insulation of walkable roof with XPS panels (20 cm) and placing of 
new hydro-isolation. Finishing with gravel or concrete tiles. 

Amount 503 m2 

Savings 77,210 kWh/year, 42.15 kWh/m2year, 19,36% 
5,636 EUR/year 

Description Replacement of inadequate windows and doors with the new triple-glazed 
low-E PVC framed ones, with Uw=1.0 W/m2K. 

Amount 13 m2 

Savings 1,614 kWh/year, 0.88 kWh/m2year, 0.40% 
118 EUR/year 

Description Thermal insulation of unheated cellar’s ceiling with 15 cm thick EPS panels. 

Amount 503 m2 

Savings 48,439 kWh/year, 26.44 kWh/m2year, 12.15% 
3,536 EUR/year 

Table 47 – Measures for building’s heating, DHW and lighting system 

Description Changing of incandescent lightbulbs with the LED ones. 

Amount 78 LED lightbulbs, 15 W 

Savings 6,212 kWh/year, 3.39 kWh/m2year, 69.34% 
1,019 EUR/year 

Description Full-scale reconstruction of the heating system in the entire building. 
Disassembling the existing piping and radiators, installation of the new ones, 
equipped with thermostatic valves. Installation of balancing valves. Testing 
and commission of system. 

Amount Development of the main project and technical documentation for new 
heating system, disassembling the entire existing heating system, 
procurement and installation of 135 new steel panel radiators, 135 
thermostatic valves, 30 balancing valves, piping and piping elements, testing 
and commission 

Savings 51,180 kWh/year, 27.94 kWh/m2year 
3,736 EUR/year 

Description Installation of vacuum solar collectors for preparation of domestic hot water 
(DHW). The system must be connected to the existing one with the heat 
exchanger located in substation. Estimated hot capacity of hot water tanks 
1,900 litres. Includes regulation, solar pump group, expansion vessels and 
piping distribution system. 

Amount 30 m2 of vacuum collectors, tanks with capacity of 1,900 litres, installation 
and piping according to the main project. 

Savings 25,141 kWh/year, 13.72 kWh/m2year, 85.77% 
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1,835 EUR/year 

Description Installation of photovoltaic panels, total capacity of 43 kW. The measure 
includes development of the main project and other technical 
documentation, installation of FN module, DC/AC inverter, supports, all 
required cables and wirings, control and automation system and testing of 
equipment. 

Amount 300 m2 of PV panels, capacity 43 kW 

Savings 43,330 kWh/year, 23.65 kWh/m2year 
7,106 EUR/year 

Remarks 

As it is possible to see, by fully insulating building’s envelope, energy required for heating is reduced by 68%. 

The measure that contributes the most is insulation of walls, which reduces the heat needs by 36%. The roof 

contributes 19% in total savings. Since almost all windows are already replaced, this measure contributes 

marginally, with 0.40%. Switching to LED lightbulbs could reduce electrical energy consumption for lighting 

by 65%. Significant savings can be achieved by replacing the entire heating system in the building, with all 

its components. Solar panels installed on the roof could provide 86% of domestic hot water in the building, 

but they must be vacuum type. 
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5.2. Žemaites gatve 3, Taurage 

Current condition 

The following photos show the building and its current condition. 

Figure 16 – Building at Žemaites gatve 3, Taurage 

    

    

    

The following photos show details of the heating system used in the building. Beside pipes of heating system, 

in Figure 17 it is possible to see piping for domestic hot water, since it is provided by the same utility company 

as district heating. 
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Figure 17 – Details of heating system in building and apartments 

    

    

The following photos show the lighting system in the building and lightbulbs. The lighting in common spaces 

has been partially renovated (LED lightbulbs and motion sensors installed). The lighting in apartments uses 

various types of bulbs, usually incandescent and LED, whereas the latter being more and more used. 

Figure 18 – Details of lighting system in common spaces and apartments 

    

 

 

Figure 19 – Thermography of building 



 

45 
 
 
 

    

    

    

    

The following table gives details about the building heating system and the envelope. 

Table 48 – General information about building 
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Address Žemaites gatve 3, Taurage 

Location 55.25455663657378, 22.29361651675398 

Year of build 1976 (2019 partially renovated) 

Number of apartments 19 

Number of residents 40 

Heated area 1,343 m2 

Remarks  

Table 49 – Information about building envelope 

Composition of outer walls Clay (silica) bricks and plastering, 35 cm 

Area of outer walls 863 m2 

Outer windows and doors 
PVC frame, double glazing 266 m2 
In total 69 windows and doors with 266 m2 

Roof type Walkable flat roof 

Roof composition Reinforced concrete 35 cm, thermal insulation 5 cm, gravel 8 cm 

Roof area 264 m2 

Floor type Unheated cellar, 0.6 m underground, 1.8 m aboveground 

Table 50 – Information about heating system 

Heating system District heating 

Fuel Woodchips 

Heating season start October 15th 

Heating season end April 15th 

Remarks 

Dates are approximate. Common reason for starting the heating is average 
daily temperature of 10 °C or lower. Heating is reduced overnight. 
One heat meter for the entire building. 
Radiators are not equipped with thermostatic valves. Regulation of water 
temperature is done manually by utility company, after residents ask for 
increase/decrease of water temperature. 

Table 51 – Information about lighting system 

Lightbulbs in apartments 
Average power per apartment is about 255 W (3×75 W incandescent, 
2×15 W LED). 

Lightbulbs in common 
spaces 

LED lightbulbs. Motion sensors. 

 

 

Table 52 – Information about domestic hot water system 

Energy source Woodchips 
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Description of system 
Local utility company uses district system for preparation and distribution of 
domestic hot water. Consumption is measured for each apartment 
individually. There are no devices installed in the building. 

Table 53 – Energy requirements in current condition 

Heating 216,562 kWh/year, 161.25 kWh/m2year 

Domestic hot water 21,488 kWh/year 

Lighting 6,003 kWh/year, 4.47 kWh/m2year 

Table 54 – Information about energy and fuel prices 

District heating 45 EUR/MWh 

Domestic hot water 45 EUR/MWh 

Electricity 164 EUR/MWh 

Proposed measures 

The following tables describe the proposed measures, approximate amounts of materials and workforce (if 

possible) required for its implementation, including savings expressed in energy (kWh/year) and money 

(EUR/year). All is calculated in accordance with the methodology and conditions described in Chapter 2. 

Table 55 – Measures for building’s envelope 

Description Thermal insulation of outer walls with mineral wool panels (15 cm) and XPS 
panels (15 cm) in wetting zone, with all additional work around openings. 
Finishing according to manufacturer’s specification. 

Amount 863 m2 

Savings 92,431 kWh/year, 68.82 kWh/m2year, 42.68% 
4,159 EUR/year 

Description Thermal insulation of walkable roof with XPS panels (20 cm) and placing of 
new hydro-isolation. Finishing with gravel or concrete tiles. 

Amount 365 m2 

Savings 43,657 kWh/year, 32.51 kWh/m2year, 20.16% 
1,965 EUR/year 

Description Thermal insulation of unheated cellar’s ceiling with 15 cm thick EPS panels. 

Amount 365 m2 

Savings 16,426 kWh/year, 12.23 kWh/m2year, 7.58% 
739 EUR/year 

 

 

 

Table 56 – Measures for building’s heating, DHW and lighting system 

Description Changing of incandescent lightbulbs with the LED ones. 

Amount 57 LED lightbulbs, 15 W 
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Savings 2,825 kWh/year, 2.10 kWh/m2year, 47.06% 
463 EUR/year 

Description Partial reconstruction of the heating system in the entire building. 
Installation of thermostatic valves. Testing and commission of system. 

Amount Installation of 105 thermostatic valves, testing and commission 

Savings 31,015 kWh/year, 23.09 kWh/m2year 
1,396 EUR/year 

Description Installation of vacuum solar collectors for preparation of domestic hot water 
(DHW). The system must be connected to the existing one with the heat 
exchanger located in substation. Estimated hot capacity of hot water tanks 
1,600 litres. Includes regulation, solar pump group, expansion vessels and 
piping distribution system. 

Amount 25 m2 of vacuum collectors, tanks with capacity of 1,600 litres, installation 
and piping according to the main project. 

Savings 20,951 kWh/year, 15.60 kWh/m2year, 97.50% 
943 EUR/year 

Description Installation of photovoltaic panels, total capacity of 28 kW. The measure 
includes development of the main project and other technical 
documentation, installation of FN module, DC/AC inverter, supports, all 
required cables and wirings, control and automation system and testing of 
equipment. 

Amount 200 m2 of PV panels, capacity 28 kW 

Savings 28,886 kWh/year, 21.51 kWh/m2year 
4,737 EUR/year 

Remarks 

As it is possible to see, the energy required for heating is reduced by 70% by fully insulating building’s 

envelope. The measure that contributes the most is insulation of walls, which reduces the heat needs by 

43%. The roof contributes 20% in total savings. Switching to LED lightbulbs could reduce electrical energy 

consumption for lighting by 47%. Solar panels installed on the roof could provide 98% of domestic hot water 

in the building, but they must be vacuum type. The roof area could be used for photovoltaic panels that can 

provide enough electricity to completely cover the consumption of the lighting system in the building. 
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6. North Macedonia 

6.1. Jurij Gagarin 49, Skopje 

Current condition 

The following photos show the building and its current condition. 

Figure 20 – Building at Jurij Gagarin 49, Skopje 

    

    

    

The following photos show details of the heating system used in the building. 
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Figure 21 – Details of heating system in building and apartments 

    

    

The following photos show the lighting system in the building and lightbulbs. Bulbs in common spaces have 

been partially replaced with the LED ones, but the system is still manual with timers. The lighting in 

apartments uses various types of bulbs, usually incandescent, fluocompact and LED. 

Figure 22 – Details of lighting system in common spaces and apartments 

    

 

The following photos provide details of building’s condition through thermography. In this way, it is possible 

to give a qualitative evaluation of the envelope’s condition. 
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Figure 23 – Thermography of building 

    

    

The following table gives details about the building heating system and the envelope. 

Table 57 – General information about building 
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Address Jurij Gagarin 49, Skopje 

Location 41.99580374226422, 21.399333151077794 

Year of build 1972 

Number of apartments 52 

Number of residents 150 

Heated area 4,335 m2 

Remarks  

Table 58 – Information about building envelope 

Composition of outer walls Clay blocks and plastering, 30 cm 

Area of outer walls 2,185 m2 

Outer windows and doors 

Wooden frame, double glazing 30 m2 
PVC frame, double or triple glazing 750 m2 
Aluminium frame without disjunction, double glazing 48 m2 
In total 244 windows and doors with 828 m2 

Roof type Walkable flat roof 

Roof composition Reinforced concrete 12 cm, gravel 8 cm 

Roof area 1,020 m2 

Floor type Unheated cellar, 1.2 m underground, 1.0 m aboveground 

Table 59 – Information about heating system 

Heating system District heating 

Fuel Natural gas 

Heating season start October 15th  

Heating season end April 15th  

Remarks 

Dates are approximate. Common reason for starting the heating is average 
daily temperature of 10 °C or lower. Heating is reduced overnight. 
One heat meter for the entire building. 
Radiators are not equipped with thermostatic valves. 

Table 60 – Information about lighting system 

Lightbulbs in apartments 
Average power per apartment is about 270 W (3×75 W incandescent, 
3×15 W LED). 

Lightbulbs in common 
spaces 

LED lightbulbs. Manually operated, installed timers. 

 

 

Table 61 – Information about domestic hot water system 

Energy source Electrical energy 
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Description of system Individual electrical boilers 

Table 62 – Energy requirements in current condition 

Heating 528,147 kWh/year, 121.83 kWh/m2year 

Domestic hot water 69,360 kWh/year 

Lighting 20,331 kWh/year, 4.69 kWh/m2year 

Table 63 – Information about energy and fuel prices 

District heating 29 EUR/MWh 

Electricity 100 EUR/MWh 

Proposed measures 

The following tables describe the proposed measures, approximate amounts of materials and workforce (if 

possible) required for its implementation, including savings expressed in energy (kWh/year) and money 

(EUR/year). All is calculated in accordance with the methodology and conditions described in Chapter 2. 

Table 64 – Measures for building’s envelope 

Description Thermal insulation of outer walls with mineral wool panels (10 cm) and XPS 
panels (10 cm) in wetting zone, with all additional work around openings. 
Finishing according to manufacturer’s specification. 

Amount 2,185 m2 

Savings 132,984 kWh/year, 30.68 kWh/m2year, 25.18% 
3,857 EUR/year 

Description Thermal insulation of walkable roof with XPS panels (15 cm) and placing of 
new hydro-isolation. Finishing with gravel or concrete tiles. 

Amount 1,020 m2 

Savings 122,351 kWh/year, 28.22 kWh/m2year, 23.17% 
3,548 EUR/year 

Description Replacement of inadequate windows and doors with the new triple-glazed 
low-E PVC framed ones, with Uw=1.0 W/m2K. Replacement of entrance doors 
with new aluminium doors with thermal disjunction, with Uw=1.2 W/m2K. 

Amount 78 m2 

Savings 3,913 kWh/year, 0.90 kWh/m2year, 0.74% 
114 EUR/year 

Description Thermal insulation of unheated cellar’s ceiling with 10 cm thick EPS panels. 

Amount 1,020 m2 

Savings 21,758 kWh/year, 5.02 kWh/m2year, 4.12% 
979 EUR/year 

 

Table 65 – Measures for building’s heating, DHW and lighting system 

Description Changing of incandescent lightbulbs with the LED ones. 

Amount 156 LED lightbulbs, 15 W 
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Savings 9,871 kWh/year, 2.28 kWh/m2year, 48.55% 
987 EUR/year 

Description Partial reconstruction of the heating system in the entire building. 
Installation of thermostatic valves. Testing and commission of system. 

Amount Installation of 265 thermostatic valves, testing and commission 

Savings 17,366 kWh/year, 4.01 kWh/m2year 
504 EUR/year 

Description Installation of flat plate solar collectors for preparation of domestic hot 
water (DHW). The system must be connected to the existing one with the 
heat exchanger located in substation. Estimated hot capacity of hot water 
tanks 5,000 litres. Includes regulation, solar pump group, expansion vessels 
and piping distribution system. 

Amount 80 m2 of panel collectors, tanks with capacity of 5,000 litres, installation and 
piping according to the main project 

Savings 70,606 kWh/year, 16.29 kWh/m2year, 101.80% (more than needed) 
7,061 EUR/year 

Description Installation of photovoltaic panels, total capacity of 74 kW. The measure 
includes development of the main project and other technical 
documentation, installation of FN module, DC/AC inverter, supports, all 
required cables and wirings, control and automation system and testing of 
equipment. 

Amount 500 m2 of PV panels, capacity 74 kW 

Savings 102,000 kWh/year, 23.53 kWh/m2year 
10,200 EUR/year 

Remarks 

As it is possible to see, the energy required for heating is reduced by 53% by fully insulating the building’s 

envelope. The measure that contributes the most is insulation of walls, with 25% in total savings, while the 

roof contributes slightly less, which reduces the heat needs by 23%. Switching to LED lightbulbs could reduce 

electrical energy consumption for lighting by 49%. Solar panels installed on the roof could provide 102% of 

domestic hot water in the building, slightly more than necessary. 
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6.2. Mile Pop Jordanov 70, Skopje 

Current condition 

The following photos show the building and its current condition. 

Figure 24 – Building at Mile Pop Jordanov 70, Skopje 

    

    

Bulbs in common spaces have been replaced with the LED ones, equipped with motion sensors. The lighting 

in apartments uses various types of bulbs, usually incandescent, fluocompact and LED. 

Figure 25 – Thermography of building 
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The following table gives details about the building heating system and the envelope. 

Table 66 – General information about building 

Address Mile Pop Jordanov 70, Skopje 

Location 41.995715771545925, 21.397344638593726 

Year of build 1970 

Number of apartments 50 

Number of residents 150 

Heated area 3,771 m2 

Remarks  

Table 67 – Information about building envelope 

Composition of outer walls Clay blocks and plastering, 30 cm 

Area of outer walls 2,305 m2 

Outer windows and doors 

Wooden frame, double glazing 38 m2 
PVC frame, double or triple glazing 659 m2 
Aluminium frame without disjunction, double glazing 66 m2 
In total 245 windows and doors with 763 m2 

Roof type Walkable flat roof 
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Roof composition Reinforced concrete 12 cm, gravel 8 cm 

Roof area 429 m2 

Floor type Unheated cellar, fully underground 

Table 68 – Information about heating system 

Heating system District heating 

Fuel Natural gas 

Heating season start October 15th 

Heating season end April 15th 

Remarks 

Dates are approximate. Common reason for starting the heating is average 
daily temperature of 10 °C or lower. Heating is reduced overnight. 
One heat meter for the entire building. 
Radiators are not equipped with thermostatic valves. 

Table 69 – Information about lighting system 

Lightbulbs in apartments 
Average power per apartment is about 270 W (3×75 W incandescent, 
3×15 W LED). 

Lightbulbs in common 
spaces 

LED lightbulbs. Equipped with motion sensors. 

Table 70 – Information about domestic hot water system 

Energy source Electrical energy 

Description of system Individual electrical boilers 

Table 71 – Energy requirements in current condition 

Heating 373,234 kWh/year, 98.97 kWh/m2year 

Domestic hot water 60,336 kWh/year 

Lighting 15,650 kWh/year, 4.15 kWh/m2year 

Table 72 – Information about energy and fuel prices 

District heating 29 EUR/MWh 

Electricity 100 EUR/MWh 

 

Proposed measures 

The following tables describe the proposed measures, approximate amounts of materials and workforce (if 

possible) required for its implementation, including savings expressed in energy (kWh/year) and money 

(EUR/year). All is calculated in accordance with the methodology and conditions described in Chapter 2. 

 

Table 73 – Measures for building’s envelope 
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Description Thermal insulation of outer walls with mineral wool panels (10 cm) and XPS 
panels (10 cm) in wetting zone, with all additional work around openings. 
Finishing according to manufacturer’s specification. 

Amount 2,305 m2 

Savings 126,668 kWh/year, 33.59 kWh/m2year, 33.94% 
3,673 EUR/year 

Description Thermal insulation of walkable roof with XPS panels (10 cm) and placing of 
new hydro-isolation. Finishing with gravel or concrete tiles. 

Amount 429 m2 

Savings 66,723 kWh/year, 17.69 kWh/m2year, 17.88% 
1,935 EUR/year 

Description Replacement of inadequate windows and doors with the new triple-glazed 
low-E PVC framed ones, with Uw=1.0 W/m2K. Replacement of entrance doors 
with new aluminium doors with thermal disjunction, with Uw=1.2 W/m2K. 

Amount 104 m2 

Savings 5,999 kWh/year, 1.59 kWh/m2year, 1.61% 
174 EUR/year 

Description Thermal insulation of unheated cellar’s ceiling with 10 cm thick EPS panels. 

Amount 429 m2 

Savings 20,712 kWh/year, 5.49 kWh/m2year, 5.55% 
932 EUR/year 

 

Table 74 – Measures for building’s heating, DHW and lighting system 

Description Changing of incandescent lightbulbs with the LED ones. 

Amount 150 LED lightbulbs, 15 W 

Savings 10,483 kWh/year, 2.78 kWh/m2year, 66.99% 
1,048 EUR/year 

Description Partial reconstruction of the heating system in the entire building. 
Installation of thermostatic valves. Testing and commission of system. 

Amount Installation of 260 thermostatic valves, testing and commission. 

Savings 12,272 kWh/year, 3.25 kWh/m2year 
356 EUR/year 

Description Installation of flat plate solar collectors for preparation of domestic hot 
water (DHW). The system must be connected to the existing one with the 
heat exchanger located in substation. Estimated hot capacity of hot water 
tanks 3,800 litres. Includes regulation, solar pump group, expansion vessels 
and piping distribution system. 

Amount 60 m2 of panel collectors, tanks with capacity of 3,800 litres, installation and 
piping according to the main project 

Savings 52,954 kWh/year, 14.04 kWh/m2year, 87.77% 
5,295 EUR/year 

Description Installation of photovoltaic panels, total capacity of 30 kW. The measure 
includes development of the main project and other technical 
documentation, installation of FN module, DC/AC inverter, supports, all 
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required cables and wirings, control and automation system and testing of 
equipment. 

Amount 200 m2 of PV panels, capacity 30 kW 

Savings 40,800 kWh/year, 10.82 kWh/m2year 
4,080 EUR/year 

Remarks 

As it is possible to see, the energy required for heating is reduced by 59% by fully insulating the building’s 

envelope. The measure that contributes the most is insulation of walls, which reduces the heat needs by 

34%. The roof contributes 18% in total savings. Since almost all windows are already replaced, this measure 

contributes marginally, only 1.60%. Switching to LED lightbulbs could reduce electrical energy consumption 

for lighting by 67%. Solar panels installed on the roof could provide 88% of domestic hot water in the 

building. 
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7. Ukraine 

7.1. Kosmonavtov 31, Odessa 

Current condition 

The following photos show the building and its current condition. 

Figure 26 – Building at Kosmonavtov 31, Odessa 

    

    

    

The following photos show details of the heating system. 
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Figure 27 – Details of heating system in building and apartments 

    

 

The following photos provide details of the building’s condition through thermography. In this way, it is 

possible to give a qualitative evaluation of the envelope’s condition. 

Figure 28 – Thermography of building 
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The following table gives details about the building heating system and the envelope. 

Table 75 – General information about building 

Address Kosmonavtov 31, Odessa 

Location 46.42505141565098, 30.707193301243436 

Year of build 1966 

Number of apartments 80 

Number of residents 125 

Heated area 4,181 m2 

Remarks  

 

Table 76 – Information about building envelope 

Composition of outer walls 
Plastering 5 cm, solid brick 50 cm 
Partially insulated with EPS 5 cm 

Area of outer walls 2,122 m2 

Outer windows and doors 

Wooden frame, double glazing 115 m2 
PVC frame, double or triple glazing 482 m2 
Steel frame, without glazing 8 m2 
In total 224 windows and doors with 605 m2 

Roof type Walkable flat roof 
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Ceiling composition Reinforced concrete 30 cm, hydro-isolation, gravel 20 cm 

Ceiling area 984 m2 

Floor type Unheated cellar, fully underground 

Table 77 – Information about heating system 

Heating system District heating 

Fuel Natural gas 

Heating season start October 15th 

Heating season end April 15th 

Remarks 

Dates are approximate. Common reason for starting the heating is average 
daily temperature of 10 °C or lower. Heating is reduced overnight. 
One heat meter for the entire building. 
Radiators are not equipped with thermostatic valves. 

 

The lighting in common spaces uses mostly incandescent bulbs, equipped with timers. The lighting in 

apartments uses various types of bulbs, usually incandescent, fluocompact and LED. 

Table 78 – Information about lighting system 

Lightbulbs in apartments 
Average power per apartment is about 255 W (3×75 W incandescent, 
2×15 W LED). 

Lightbulbs in common 
spaces 

Incandescent bulbs, manual activation, equipped with timers. 

Table 79 – Information about domestic hot water system 

Energy source Electrical energy 

Description of system Individual electrical boilers 

Table 80 – Energy requirements in current condition 

Heating 542,350 kWh/year, 129.72 kWh/m2year 

Domestic hot water 66,896 kWh/year 

Lighting 16,222 kWh/year, 3.88 kWh/m2year 

Table 81 – Information about energy and fuel prices 

District heating 1,058 UAH/MWh 

Electricity 1,680 UAH/MWh 

Proposed measures 

The following tables describe the proposed measures, approximate amounts of materials and workforce (if 

possible) required for its implementation, including savings expressed in energy (kWh/year) and money 

(UAH/year). All is calculated in accordance with the methodology and conditions described in Chapter 2. 

Table 82 – Measures for building’s envelope 
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Description Thermal insulation of outer walls with mineral wool panels (10 cm) and XPS 
panels (10 cm) in wetting zone, with all additional work around openings. 
Finishing according to manufacturer’s specification. 

Amount 2,122 m2 

Savings 117,023 kWh/year, 27.99 kWh/m2year, 21.58% 
123,810 UAH/year 

Description Thermal insulation of walkable roof with XPS panels (15 cm) and placing of 
new hydro-isolation. Finishing with gravel or concrete tiles. 

Amount 984 m2 

Savings 132,911 kWh/year, 31.79 kWh/m2year, 24.51% 
140,620 UAH/year 

Description Replacement of inadequate windows and doors with the new triple-glazed 
low-E PVC framed ones, with Uw=1.0 W/m2K. Replacement of entrance doors 
with new aluminium doors with thermal disjunction, with Uw=1.2 W/m2K. 

Amount 123 m2 

Savings 70,320 kWh/year, 16.82 kWh/m2year, 12.97% 
74,399 UAH/year 

Description Thermal insulation of unheated cellar’s ceiling with 10 cm thick EPS panels.  

Amount 984 m2 

Savings 31,655 kWh/year, 7.57 kWh/m2year, 5.84% 
33,491 UAH/year 

Table 83 – Measures for building’s heating, DHW and lighting system 

Description Changing of incandescent lightbulbs with the LED ones. 

Amount 240 LED lightbulbs, 15 W 

Savings 7,818 kWh/year, 1.87 kWh/m2year, 48.19% 
13,134 UAH/year 

Description Partial reconstruction of the heating system in the entire building. 
Installation of thermostatic valves. Testing and commission of system. 

Amount Installation of 400 thermostatic valves, testing and commission 

Savings 51,782 kWh/year, 12.39 kWh/m2year 
54,785 UAH/year 

Description Installation of flat plate solar collectors for preparation of domestic hot 
water (DHW). The system must be connected to the existing one with the 
heat exchanger located in substation. Estimated hot capacity of hot water 
tanks 4,500 litres. Includes regulation, solar pump group, expansion vessels 
and piping system. 

Amount 70 m2 of collectors, tanks with capacity of 4,500 litres, installation and piping 
according to the main project 

Savings 61,780 kWh/year, 14.78 kWh/m2year, 92.35% 
103,790 UAH/year 

Description Installation of photovoltaic panels, total capacity of 58 kW. The measure 
includes development of the main project and other technical 
documentation, installation of FN module, DC/AC inverter, supports, all 
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required cables and wirings, control and automation system and testing of 
equipment. 
If necessary, include support construction that will be connected to the 
existing structure of building. 

Amount 400 m2 of PV panels, capacity 58 kW 

Savings 75,696 kWh/year, 18.10 kWh/m2year 
127,169 UAH/year 

Remarks 

As it is possible to see, the energy required for heating is reduced by 65% by fully insulating the building’s 

envelope. The measure that contributes the most is insulation of roof, which reduces the heat needs by 

25%. Insulation of walls contributes 22% in total savings, while the replacement of windows contributes 

13%. Switching to LED lightbulbs could reduce electrical energy consumption for lighting by 48%. Solar 

panels installed on the roof could provide 92% of domestic hot water in the building. 
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7.2. Semena Palya 94, Odessa 

Current condition 

The following photos show the building and its current condition. 

Figure 29 – Building at Semena Palya 94, Odessa 

    

    

    

 

 

The following photos show details of the heating system. 
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Figure 30 – Details of heating system in building and apartments 

    

    

 

The following photos provide details of the building’s condition through thermography. In this way, it is 

possible to give a qualitative evaluation of the envelope’s condition. 

Figure 31 – Thermography of building 
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The following table gives details about the building heating system and the envelope. 

Table 84 – General information about building 

Address Semena Palya 94, Odessa 

Location 46.576036443727226, 30.795064830755503 

Year of build 1983 

Number of apartments 288 

Number of residents 511 

Heated area 23,606 m2 

Remarks  

Table 85 – Information about building envelope 

Composition of outer walls 
Concrete with plastering, 35 cm 
Concrete with expanded clay aggregate (ceramsite) and plastering, 35 cm 
Solid (silica) brick with plastering, 32 cm 

Area of outer walls 
4,505 m2 
4,505 m2 
428 m2 

Outer windows and doors 

Wooden frame, double glazing 6 m2 
PVC frame, double or triple glazing 4,897 m2 
Steel frame, without glazing 19 m2 
In total 1,554 windows and doors with 4,922 m2 

Roof type Walkable flat roof over unheated attic 

Ceiling composition Reinforced concrete 30 cm, hydro-isolation 

Ceiling area 2,314 m2 

Floor type Unheated cellar, 1.2 m underground and 1.1 m aboveground 

Table 86 – Information about heating system 

Heating system District heating 

Fuel Natural gas 

Heating season start October 15th 
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Heating season end April 15th 

Remarks 

Dates are approximate. Common reason for starting the heating is average 
daily temperature of 10 °C or lower. Heating is reduced overnight. 
One heat meter for the entire building. 
Radiators are not equipped with thermostatic valves. 

 

The lighting in common spaces uses mostly incandescent bulbs, equipped with timers. The lighting in 

apartments uses various types of bulbs, usually incandescent, fluocompact and LED. 

Table 87 – Information about lighting system 

Lightbulbs in apartments 
Average power per apartment is about 270 W (3×75 W incandescent, 
3×15 W LED). 

Lightbulbs in common 
spaces 

Incandescent bulbs, manual activation, equipped with timers. 

Table 88 – Information about domestic hot water system 

Energy source Electrical energy 

Description of system Individual electrical boilers 

Table 89 – Energy requirements in current condition 

Heating 2,587,822 kWh/year, 109.63 kWh/m2year 

Domestic hot water 377,696 kWh/year 

Lighting 75,775 kWh/year, 3.21 kWh/m2year 

Table 90 – Information about energy and fuel prices 

District heating 1,058 UAH/MWh 

Electricity 1,680 UAH/MWh 

Proposed measures 

The following tables describe the proposed measures, approximate amounts of materials and workforce (if 

possible) required for its implementation, including savings expressed in energy (kWh/year) and money 

(UAH/year). All is calculated in accordance with the methodology and conditions described in Chapter 2. 

Table 91 – Measures for building’s envelope 

Description Thermal insulation of outer walls with mineral wool panels (12 cm) and XPS 
panels (12 cm) in wetting zone, with all additional work around openings. 
Finishing according to manufacturer’s specification. 

Amount 9,438 m2 

Savings 586,081 kWh/year, 24.83 kWh/m2year, 22.65% 
620,074 UAH/year 

Description Thermal insulation of walkable roof with XPS panels (15 cm) and placing of 
new hydro-isolation. Finishing with gravel or concrete tiles. 

Amount 2,314 m2 
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Savings 467,868 kWh/year, 19.82 kWh/m2year, 18.08% 
495,004 UAH/year 

Description Replacement of inadequate windows and doors with the new triple-glazed 
low-E PVC framed ones, with Uw=1.0 W/m2K. Replacement of entrance doors 
with new aluminium doors with thermal disjunction, with Uw=1.2 W/m2K. 

Amount 4,922 m2 

Savings 529,071 kWh/year, 22.41 kWh/m2year, 20.44% 
559,757 UAH/year 

Description Thermal insulation of unheated cellar’s ceiling with 10 cm thick EPS panels. 

Amount 2,314 m2 

Savings 306,482 kWh/year, 12.98 kWh/m2year, 11.84% 
324,258 UAH/year 

Table 92 – Measures for building’s heating, DHW and lighting system 

Description Changing of incandescent lightbulbs with the LED ones. 

Amount 864 LED lightbulbs, 15 W 

Savings 45,379 kWh/year, 1.92 kWh/m2year, 59.89% 
76,267 UAH/year 

Description Partial reconstruction of the heating system in the entire building. 
Installation of thermostatic valves. Testing and commission of system. 

Amount Installation of 1,440 thermostatic valves, testing and commission 

Savings 31,015 kWh/year, 1.31 kWh/m2year 
32,814 UAH/year 

Description Installation of flat plate solar collectors for preparation of domestic hot 
water (DHW). The system must be connected to the existing one with the 
heat exchanger located in substation. Estimated hot capacity of hot water 
tanks 25,000 litres. Includes regulation, solar pump group, expansion vessels 
and piping system. 

Amount 400 m2 of collectors, tanks with capacity of 25,000 litres, installation and 
piping according to the main project 

Savings 353,028 kWh/year, 14.96 kWh/m2year, 93.47% 
593,087 UAH/year 

Description Installation of photovoltaic panels, total capacity of 146 kW. The measure 
includes development of the main project and other technical 
documentation, installation of FN module, DC/AC inverter, supports, all 
required cables and wirings, control and automation system and testing of 
equipment. If necessary, include support construction that will be connected 
to the existing structure of building. 

Amount 1,000 m2 of PV panels, capacity 146 kW 

Savings 189,240 kWh/year, 8.02 kWh/m2year 
317,923 UAH/year 

Remarks 

As it is possible to see, the energy required for heating is reduced by 73% by fully insulating the building’s 

envelope. Insulation of walls, replacement of windows and insulation of roof contribute almost equally, by 
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23%, 20% and 18%, respectively. Switching to LED lightbulbs could reduce electrical energy consumption for 

the lighting by 60%. Solar panels installed on the roof could provide 93% of domestic hot water in the 

building. The roof area could be used for photovoltaic panels that can provide enough electricity to 

completely cover consumption of the lighting system in the building. 
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8. Discussion 

This document presents the results of evaluation of various energy efficiency measures proposed for ten 

buildings in five pilot countries. During visits, they have been photographed (both usual and thermographic) 

and measured. All other information regarding heating, lighting and preparation of domestic hot water have 

been collected as well. Current condition of each building has been used as baseline. Afterwards, tailored 

measures for increasing energy efficiency have been proposed. They are targeting building’s envelope, 

heating system and electrical energy consumption. All measures can be divided into two large groups, aiming 

(a) to reduce energy consumption and to (b) introduce renewables. 

The following tables summarize potential savings reachable through the implementation of measures for 

the envelope of buildings. Due to their rather long full names, they are shortened in the tables. 

Table 93 – Overview of energy savings for building’s envelope 

Building 

Current 
condition 

Insulation 
of walls 

Insulation 
of roof 

Windows 
and doors 

Cellar’s 
ceiling 

Sum 

kWh/year kWh/year kWh/year kWh/year kWh/year kWh/year 

zh.k. Slaveykov 1 B, Burgas 1,965,118 605,412 319,499 332,990 0 3,223,019 

zh. k. Zornitsa 7, Burgas 234,484 85,043 38,235 29,893 5,311 392,966 

Sramli utca 1-5, Budapest 950,212 233,489 100,822 160,680 35,587 1,480,790 

Tímár utca 15, Budapest 243,271 89,150 14,091 65,080 13,997 425,589 

Gedimino g. 30, Kaišiadorys 398,731 145,482 77,210 1,614 48,439 671,475 

Žemaites g. 3, Taurage 216,562 92,431 43,657 0 16,426 369,076 

Jurij Gagarin 49, Skopje 528,147 132,984 122,351 3,913 21,758 809,153 

Mile P. Jordanov 70, Skopje 373,234 126,668 66,723 5,999 20,712 593,336 

Kosmonavtov 31, Odessa 542,350 117,023 132,911 70,320 31,655 894,259 

Semena Palya 94, Odessa 2,587,822 586,081 467,868 529,071 306,482 4,477,324 

Table 94 – Overview of savings for building’s envelope 

Building 

Insulation 
of walls 

Insulation 
of roof 

Windows 
and doors 

Cellar’s 
ceiling 

Sum 

% % % % % 

zh.k. Slaveykov 1 B, Burgas 31 16 17 0 64 

zh. k. Zornitsa 7, Burgas 36 16 13 2 68 

Sramli utca 1-5, Budapest 25 11 17 4 56 

Tímár utca 15, Budapest 37 6 27 6 75 

Gedimino g. 30, Kaišiadorys 36 19 0 12 68 

Žemaites g. 3, Taurage 43 20 0 8 70 

Jurij Gagarin 49, Skopje 25 23 1 4 53 

Mile P. Jordanov 70, Skopje 34 18 2 6 59 
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Building 

Insulation 
of walls 

Insulation 
of roof 

Windows 
and doors 

Cellar’s 
ceiling 

Sum 

% % % % % 

Kosmonavtov 31, Odessa 22 25 13 6 65 

Semena Palya 94, Odessa 23 18 20 12 73 

 

The following table summarizes savings achievable through the application of measures for the lighting 

system and the system for preparation of domestic hot water. 

Table 95 – Overview of energy savings lighting and DHW systems 

Building 

Lighting system Preparation of domestic hot water 

Current 
condition 

Saving 
Current 

condition 
Saving 

kWh/year kWh/year % kWh/year kWh/year % 

zh.k. Slaveykov 1 B, Burgas 130,836 77,582 59 389,104 298,935 77 

zh. k. Zornitsa 7, Burgas 21,781 14,078 65 48,336 88,257 183 

Sramli utca 1-5, Budapest 33,215 21,460 65 86,272 83,804 97 

Tímár utca 15, Budapest 7,681 3,248 42 23,408 25,141 107 

Gedimino g. 30, Kaišiadorys 8,958 6,212 69 29,312 25,141 86 

Žemaites g. 3, Taurage 6,003 2,825 47 21,488 20,951 98 

Jurij Gagarin 49, Skopje 20,331 9,871 49 69,360 70,606 102 

Mile P. Jordanov 70, Skopje 15,650 10,483 67 60,336 52,954 88 

Kosmonavtov 31, Odessa 16,222 7,818 48 66,896 61,780 92 

Semena Palya 94, Odessa 75,775 45,379 60 377,696 353,028 93 

 

Despite the buildings being different by type, size, age and location, generally it is possible to conclude that 

the major energy efficiency measure is insulation of walls. It offers the highest energy savings for most of 

the buildings, 31% in average. Insulation of roofs offers 17% of savings (in average). Replacing windows, one 

of the most common measures done by residents, offers only 11% of savings (in average), with usually 

considerably higher investment than other measures. 
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9. Conclusion 

The average reduction of energy consumption for the ten analyzed buildings achievable through measures 

on the envelope is 65%. This may not be as high as desired, but it is necessary to consider that many buildings 

already have significant proportion of new windows, as well as some sort of thermal insulation. It is maybe 

inadequate, but better than no insulation at all. Most of the buildings can cover, completely or in significant 

portion, needs for domestic hot water by installation of solar panels on the roof. In some cases, it is possible 

to produce even more hot water than required by calculation, i.e. saving is higher than 100%. In such cases, 

it is possible to keep that water as a reserve (e.g. by increasing volume of tanks) or to share water with 

adjacent buildings. In addition, space on the roof can be used to install photovoltaic panels and provide 

electricity for in-building use or for the market, if possible. 

Generally, it has been demonstrated that the application of complex combination of measures can lead to 

long-term benefit of residents. Certainly, investment can be exceedingly high in such cases, but so are the 

savings of heat and electrical energy. 
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