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1 BACKGROUND AND OBJECTIVE OF THE STUDY 

The ENER SUPPLY project intends to help the local authorities to realize energy management 

implementation, planning of investment in RES and promotion of investments in RES. The ENER SUPPLY 

project, financed by the South East Europe Transnational Cooperation Programme, is the result of a 

common effort of 13 partners from 11 South-East Europe countries, whose Lead Partner is the Municipality 

of Potenza, Italy.  

The Studies is related to public buildings in education and administration sectors in order to introduce 

various economically efficient and environmentally safe technical energy saving measures in the buildings.  

The objective of the this Study is to improve energy efficiency in heating buildings in order to make heating 

more affordable and as well as improve the functional and health environment of the users. An important 

associated objective is to reduce the local and global environmental impact of the use of dirty fuels for 

heating buildings. Study considers energy efficiency improvements in selected building. For buildings is 

performed energy audit in order to define investment packages proposals with budget estimate for each 

building. 

2 BUILDING FEATURES 

2.1 Presentation of the building 

Elementary school ''Svetozar Miletić'' is located at Glavna Street, number 130, in Titel. Building of 

Elementary school is educational type with teaching facilities. Ownership of the School is public.  

Overview of Occupational characteristics of school is presented in Table 1. 

Table 1: Occupational characteristics of school 

Number of Employees 6 

Number of pupils 99 

Number of shift per day 1 

Number of simultaneous users 105 

Other (temporary) users of building facilities no other users 

Operation Days per year 270 

Operation Hours per day 14 

Type of building is a free standing building with all exposed facades. School building is with ground floor. 

Building envelope includes external walls made from two compact bricks with two layers of plasters 

(thickness 55 cm) without thermal insulation, and a pitched roof with concrete plate, bitumen layer and 

without correct thermal insulation. Windows and doors are partly wood type in average conditions and the 

rest is PVC type in good condition.  

Overview of basic characteristics of building are presenting in Table 2. 

Table 2: Basic characteristics of building 

Heated floor area 370.0 m2 

Unheated floor area 21.0 m2 

Total floor area 391.0 m2 

Total volume 2,150.0 m3 

Heated volume 2,035.0 m3 

Gross surface of the building (envelope) - wall area 342.0 m2 

Total surface of the window and doors  41.7 m2 

NET surface of the walls 300.4 m2 
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2.2 Outline of energy management practice 

Energy management doesn’t exist as routine and systematic team activities but exist as periodic efforts to 

rational use of energy resources, to improve energy efficiency and reduce related costs. On the executive 

level, Energy management system is recognized as a one of few important goals in future School 

development, but currently all activities is under control of Maintenance Service. Functioning on that way is 

not efficient as much as necessary. A man on duty is in charge of activities for collection and 

systematization of the data and analyzes the measures to increase energy efficiency. 

Practice of analysis of specific energy and water consumption is not sufficiently employed in the 

Maintenance Service. While the monthly logbooks are maintain for most of the energy using equipment, 

there is no system for data analysis and interpretation, and implementation of appropriate energy 

management actions. 

2.3 Heating production 

2.3.1 Boiler house 

Heat supply is performing by local heating system which consists from individual boiler house with one hot 

water boiler, and heat distribution equipment. Nominal capacity of boiler is 100 kW. School’s boiler house 

completely covers heat demand of the building. In the boiler room there is one hot-water boiler that 

provides heat to radiator heating. The supply and return temperature are 90/70 
o
C nominally. Heat 

distribution is via radiators. System includes two pipes system with distribution from the bottom with cast 

iron radiators without temperature regulation equipment. 

Coal and wood are primary fuel without optional fuel which would be ready to operate. Natural gas is not 

available in close region and connection and suitable infrastructure is not established, although at the 

moment there is a process of gasification of the area.  

Boiler room is in operation usually 13 hours per day, but sometimes operate up to 20 or 24 h/day, 

especially during the coldest winter periods. These are short intervals. In medium cold periods boiler fully 

meets the heating needs of the school for heating at part load. According to existing heating demand, 

boiler in charge need to operate constantly at 70% ÷ 90% of fully load and it refers to the period of the day 

from 6 h to 19 h.  

ASSESMENT AND FINDINGS: Coal / wood fired boiler don’t work efficiently but cost effective. Fine 

regulation and leading the plant with best performance statistic is impossible and consequently costs are 

higher than should to be. One good option is replacing a fuel. Instead of coal and wood, better solution is 

biomass pellet, firstly, because of better flexibility and elasticity of heat energy production process and 

then because pellet is more clean fuel and available at the free market. This measure is taken into account 

through basic calculation in form of feasibility analysis.  

Suitable suggestions for improving current situation includes following proven and profitable measures 

which direct increasing energy efficiency of boilers (improvement of hot water boiler operation). Measures, 

which could be applicable on the both way, technically and economically, could be achieved by: 

− Implementation of better insulation on distribution system with modern armatures and equipment, 

− Switching fuel type (replacement existing boiler with new boiler for a wood pellet or 

rebuilding/reconstructing of boiler room with new natural gas fired boiler(s)) and 

− Improving the energy management procedures. 

2.3.2 Heat energy distribution equipments  

One of the major problems with buildings that are heated by local boilers is that the control of the heating 

system is inadequate. This is a case in a School in Titel. Overheating exists, especially during mild periods. 

Therefore a control system should be considered. The control system consists of temperature sensors to 

monitor the indoor temperature and the outdoor temperature, a three way valve or flow control valve, 

thermostatic radiator valves and balancing valves for adjusting the flow in each riser of radiator system 

(this will also help in preventing overheating).  
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FINDINGS AND RECOMMENDATIONS: Installation of balancing valves, installation of thermoregulation 

valves and piping insulation. 

2.4 Cooling installation 

School has not central cooling system. School facilities are not air conditioning during summer period in 

teaching facilities. There are few split cooling system in some offices and meeting room. 

FINDINGS: The costs and consumption of electricity for cooling devices is not significant. Consequently, 

saving potential is minimal and intervention or improvement is not recommended.  

2.5 Power system and electromechanical equipment  

Electricity is supplied by local distribution company, with wide consumption tariff system. The school 

receives power at voltage 0.4 kV.  

In school facilities, there is no technological process, powered electric equipment etc., for which it is 

necessary to provide electrical installation, as a "strong" power. All electrical sets appear as an individual or 

as part of some technological entities, such as for example small capacities air conditioning devices, small 

kitchen equipments, etc.  

FINDINGS: The receivers of electricity that occur in these facilities are mostly with small installed power 

capacity and their number is not significant. Consequently, saving potential is minimal and intervention is 

not recommended.  

2.6 Domestic Hot Water (DHW)  

The system for production and distribution of domestic (sanitary) hot water is independent from system of 

production of thermal energy for heating and consists of an electric boilers located in the kitchen and 

toilets. Total installed power of electric boilers is 1.5 kW. 

FINDINGS: Because of low sanitary hot water demand, and low frequencies of capacity using, it is not 

recommended integration of electric boilers for production and distribution of sanitary hot water in 

existing heating system. 

WATER FACILITIES: The school covers all demands for water by purchasing water from public network. 

Estimated consumption is about 9 to 24 m3 per month, and approximately 140 m3 per year.  

2.7 Lighting system 

Lighting system includes two types of lamps: Incandescent and Fluorescent. Photometric characteristics are 

more-less satisfy but consumption of electrical energy in certain degree not.  

In a Table 3 is given number of lamps and average consumed power per each for both types of lamps. 

Recommendation: Option for replacing 13 incandescent lamps by fluorescent ones is not appropriate 

because these locations are not proper for fluorescent type of lamps (toilets, pantries, accessory spaces, 

auxiliary stairways, loft, etc). 

Table 3: Types of lamps with structures and related install capacities 

Types of lamps Number of devices Capacity [kW]/unit Total [kW] 

Incandescent lamps 13 0.10 1.3 

Fluorescent lamps 25 0.04 1.0 

FINDINGS: Lighting system is cost effective and there is no significant potential for improvement. No 

intervention is recommended. 
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2.8 Energy and fuel consumption 

Table 4: Yearly – consumptions and costs of fuel (there are no monthly evidence): 

Consumption of coal (lignite) 12 ÷ 15 t / year (heating season 2010/11) 

Consumption of wood 15 m
3
/ year (heating season 2010/11) 

The total cost for coal (lignite) 124,800 RSD / year (approximately 1,250 EURO/year) 

The total cost for wood 62,370 RSD / year (approximately 620 EURO/year) 

Table 5: Monthly Energy Consumption of the Year 2010 (Purchased Electricity) 

Month 
Cumulative - monthly consumption of electricity Average unit price of electricity 

[kWh] [RSD/month]   [EURO/month]   [RSD/kWh] [EURO/kWh] 

jan 435 2,649.2 25.72 6.090 0.059 

feb 628 3,962.7 38.47 6.310 0.061 

mar 746 5,119.4 49.70 6.862 0.067 

apr 546 3,793.7 36.83 6.948 0.067 

may 592 4,228.6 41.05 7.143 0.069 

jun 378 2,601.7 25.26 6.883 0.067 

jul 259 1,949.7 18.93 7.528 0.073 

aug 178 1,179.8 11.45 6.628 0.064 

sep 282 2,021.1 19.62 7.167 0.070 

oct 686 4,556.6 44.24 6.642 0.064 

nov 672 4,488.2 43.57 6.679 0.065 

dec 633 4,190.1 40.68 6.619 0.064 

Total 6,035 40,740.7 395.54 6.751 0.066 

2.8.1 Unit price of fuel and electricity  

School purchases fuel for heating system (local boiler house). From national distributive network, school 

purchases electricity. Additional heat energy (from outside producer) school doesn’t need to purchase. 

Unit prices of fuels and electricity (for Year 2010) are:  

• The specific cost for coal (lignite) is 8,319 RSD/t or approximately 83 EURO/t; 

• The specific cost for wood is 4,158 RSD/m
3
 or approximately 41 EURO/m

3
 and 

• The specific cost for electricity 6.75 RSD/kWh 0.066 EURO/kWh. 

2.9 Building envelope and energy performances  

2.9.1 Building envelope description and energy characteristics 

Windows and doors: Type: Wood windows with one frame with single pane in each frame (1.8 m
2
), one 

frame with double pane glass (8.2 m
2
) and two frames with single pane glass (3.3 m

2
). There is 16.8 m

2
 of 

PVC windows (one frame with double pane in each frame). There is 10 m2 of wood doors. In general, 

windows and doors are in bad to average condition (except PVC type). External side is not maintained. 

Most of windows do not close properly. Infiltration losses are high and in some sections of the building, 

inside temperature is not according to standard.  

FINDINGS: There is a need for changing the wood windows and doors. Here is a significant saving potential. 

Total surface of windows, panels and doors: 41.65 m
2
. 

Table 6: Energy characteristics of the building envelop - glass surface 

Type of glass surface  W/m2 oC 

#1 PVC windows, one frame with double pane: W/m2°C: 1.70 

#2 Wood windows, one frame with single pane glass: W/m2°C: 5.20 

#3 Wood windows, one frame with double pane glass: W/m2°C: 3.30 
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#4 Wood windows, two frame with single pane glass: W/m
2
°C: 2.30 

Wood doors with single pane U-value: W/m
2
°C: 4.20 

Walls: External walls are made of two compact bricks with two layers of plasters (Wall thickness is 55 cm). 

Walls are without thermal insulation. The outside plaster is in satisfying conditions. Gross wall area is 

around 342.0 m
2
, and net wall area is 300.4 m

2
.  

FINDINGS: There is a saving potential. Entire building doesn't have thermal insulation. Considering that, 

insulation of the walls is proposed on entire building. 

Table 7: Energy characteristics of the building envelop - walls 

Type of external wall  Average U-coefficient: W/m2 oC 

Brick, layer of plaster. Without heat insulation. Wall thickness: 55 cm. 1.12 

Roof: Slope roof with concrete plate with bitumen layer. Roof space is unheated without thermal 

insulation.  

FINDINGS: There is saving potential by thermal insulation. The existing roof is in good condition but without 

any kind of insulation. Implement a mineral wool could be proposed. 

Table 8: Energy characteristics of the building envelop - roof 

Roof type Average U-coefficient: W/m2 oC 

Pitched roof, made of plates and wood grid over ceiling and old thermal insulation 1.13 

Table 9:  Other necessary characteristics of the building 

Heating area  370.0 m
2
 

Heating volume 2,035.0 m
3
 

Envelop area without roofs 342.0 m
2
 

2.9.2 Heating load profile of the building 

Energy audit is performed for entire school complex. In addition to calculate theoretical energy 

consumption, energy balance, and calculation of energy savings after the energy efficient measures it is 

adopted recommendation from a book “Design of installation for central heating system” from the author 

Prof. Branislav Todorović. Used recommended information is: degree day value for region of Titel, 

coefficient of heat transfer for construction material. Average temperature for the inside of the building 

during heating season is collected from the building users and maintenance service and it is 21 
o
C. 

Figure 2 shows the monthly heat load of school complex and Figure 3 the monthly heat consumption. This 

heat load and consumption is related only for radiator heating system and fully covered by local boiler 

house. Diagrams refer to the situation of existing building infrastructure (entire heating system), 

temperature regimes and input energy mix. For that, calculated annual energy consumption is 114,824.7 

kWh. School evidence: 15 tons of coal per year (67,500 kWh of heat energy) + 15 m3 of wood (25,200 kWh 

of heat energy) + 1 ton of different biomass (17,300 kWh of heat energy) = 110,000 kWh/a. Calculated 

energy consumption according to building envelope is 116,873 kWh/a. 

59,2 54,1

42,2

27,8 27,0

43,5

56,5

jan feb mar apr may-sep oct nov dec

Heating load [kW]

 
Figure 2: Total heating load of school complex 
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After implementation of proposed energy efficiency measure “BUILDING ENVELOP RECONSTRUCTION” 

which includes changing the metal windows, doors and panels, infrastructure improvements it is expected 

reduction in heat load around 15 to 25% in every month of heating season. 

0
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jan feb mar apr may-sep oct nov dec

Wood 3.836 6.688 4.897 1.289 1.365 6.153 6.988

Coal 10.274 17.913 13.117 3.452 3.656 16.480 18.719

Total 14.110 24.600 18.014 4.740 5.021 22.632 25.707

[MWh] Energy consumption

 
Figure 3: Total heating consumption of school complex 

Profile of the current heat load of the school building is formed for a follow input parameters:  

1 External design temperature for the region of Titel: - 18 
o
C 

2 Internal design temperature (adopted as average for entire building):   21 
o
C 

3 Mean outdoor temperature [
o
C]:  

January February March April October November December 

0.1 2.0 5.4 11.7 12.0 5.9 1.1 

2.9.3 Theoretical energy consumption for heating  

Calculation of heat losses trough envelope is presented in Tables 10 to 14. 

Table 10: Transmission energy losses - building envelope  

Degree day for Titel region 2,680 - 

Transmission energy losses- building envelope  
932.5 W/°C 

52,181 kWh/a 

Table 11:  Infiltration energy losses - building envelope 

Air exchange 204 m
3
/h 

Losses caused by air exchange 69 W/°C 

Losses caused by air exchange per m2 of window 93 kWh/m2 a 

1. Losses caused by air exchange 3,872 kWh/a 

2. Losses caused by infiltration 19,447 kWh/a 

Total air losses 
23,319 kWh/a 

417 W/°C 

Table 12: Total heat losses trough envelope (air losses+ transmission losses) 

Total losses 1,349 W/°C 

Total losses per m2 /a 3.65 W/°C m2 

Percentage of envelope losses  69 % 

Percentage of air losses 31 % 

Table 13: Energy needs of the building 

Annual energy needs 75,500 kWh/a 

Energy needs per m2 /a 204 kWh/m2 a 
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Energy needs per simultaneous users/a 719.0 kWh/user a 

Table 14: Specific energy needs of building  

Specific heat needs  134.9 W/m
2
 

Specific heat needs 24.5 W/m
3
 

  1. Specific heat needs (transmission) 17.0 W/m
3
 

  2. Specific heat needs (ventilation) 7.6 W/m
3
 

2.9.4 Overall need / consumption for heating the building 

The situation of existing facilities and the current organization of the heating system and the total energy 

needs, determined based on characteristics of the building envelope is 75.5 MWh/a. These are covered by 

radiator heating systems with delivery of heat energy from 116.8 MWh/a of input fuel energy. The overall 

heating system efficiency of production and distribution calculated to 64.6%. Heating system efficiency is 

calculated according to boiler generation efficiency, estimated to 80%, temperature control efficiency of 

95% and piping losses of 15%. 

2.10 Energy Consumption Indicators 

Overview of basic energy indicators for year 2010/11 are presented in Table 15. 

Table 15: Energy Indicators for year 2010/11 (Note: The data source is the accounting of the School) 

Electricity consumption 6,035 kWh / year 

Consumption of coal (lignite) 15 t / year (heating season 2010/11) 

Consumption of wood 15 m
3
/ year (heating season 2010/11) 

Consumption of sanitary water 138 m
3
 / year  

The total cost for electricity 40,740.7 RSD / year (approximately 400 €/year) 

The total cost for coal (lignite) 124,800 RSD / year (approximately 1,250 €/year) 

The total cost for wood 62,370 RSD / year (approximately 620 €/year) 

The total cost for sanitary water 8,337.5 RSD / year (approximately 83 €/year) 

The unit price of electricity (yearly average) 6.75 RSD/kWh or 0.066 €/kWh. 

The unit price of coal (lignite) (yearly average) 8,320 RSD/t (approximately 83 €/t) 

The unit price of wood (yearly average) 4,158 RSD/ m3 (approximately 41 €/ m3) 

The unit price of sanitary water (yearly average) 60.4 RSD/ m3 (approximately 0.6 €/ m3) 

3 PROPOSED ENERGY EFFICIENCY INTERVENTIONS 

Energy audit recommends elaborating different subprojects, listed below. Each project proposes 

implementation of one selected energy efficiency measure as a part of overall improvement Project. 

Project #3.1: BUILDING ENVELOP RECONSTRUCTION 

Subproject #3.1.1: Changing the metal windows and doors  

Subproject #3.1.2: Implementation of external walls thermal insulation 

Subproject #3.1.3: Implementation of a mineral wool thermal insulation in the roof  

Project #3.2: 
INNOVATION OF HEAT ENERGY DISTRIBUTION EQUIPMENTS  

Installation of balancing valves and  thermoregulation valves; Piping insulation 

Project #3.3: 

SWITCHING FUEL TYPE 

Replacement existing boiler with new boiler for a wood pellet or 

rebuilding/reconstructing of boiler room with new natural gas fired boiler(s) 

Project #3.4: 

ENERGY MANAGEMENT PROCEDURES INTRODUCTION 

Implementation of monitoring & targeting techniques; Training and motivation of 

personnel; Energy data analysis and Operational management improvement 
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3.1 Building envelop reconstruction  

3.1.1 Supply heat energy costs 

The prices of thermal energy used in prediction of energy costs after the proposed rehabilitation measures 

are calculated based on prices which have already presented. Price of final energy in this case is 3.1 

RSD/kWh or 0.0313 €/kWh of heat energy, calculated taking into account the efficiency of production and 

distribution of heat system. The total energy efficiency of heating system includes system of production 

and distribution of thermal energy to the end user. In the production of thermal energy from its own 

sources efficiency of the system was obtained based on assessed efficiency of boilers, efficiency of the 

distribution system and temperature regulation system and delivery. The overall system efficiency is 64.6%. 

Table 16 shows the final price of energy. 

Table 16: Supply heat energy prices 

 coal [t] wood [m3] 

Market prices of fuel unit (t or m3) RSD/unit 8,320 4,158 

Equivalent price for kWh RSD/kWh 1.849 2.475 

Total energy efficiency of the overall heating system % 64.6 

Price of final energy 
RSD/kWh 2.862 3.831 

EURO/kWh 0.029 0.038 

Unique price, necessary for calculation, adopted according to actual fuel sharing rate. This price of final 

energy, delivered to the place of using is 0.0313 EURO/kWh. 

3.1.2 Replacement of windows, doors and panels 

Proposed measure to increase the energy efficiency of the building envelop is a replacement of windows, 

doors and panels. The measure includes installation of new PVC windows, panels and doors. Used price is 

150 €/m
2
, what includes disassemble of windows and doors, purchase, transportation, installation of 

boards below the window, internal protection (Venetian blinds and linen blinds) and other. 

The value of coefficient of heat transfer for the proposed new PVC windows is adopted to be k = 1.7 

W/m²K, and for the proposed new PVC doors and panels as well as for different type of glass and glass 

made from the same material was adopted to be k = 3.0 W/m²K. 

The windows are in a different state, from very poor to a better preserved and maintained. It is proposed 

to replace all windows, doors and panels that generally do not satisfy in terms of transmission and 

infiltration characteristics. Tables 17 to 20 present calculation of energy savings for proposed measure.
 

Table 17: Proposed glass area for replacement  

Location where to perform proposed measure   

Area of windows and doors to be replaced 24.9 m
2
 

Table 18: Total infiltration losses [kWh] 

Location where to perform proposed measure   m
2
 Loss before Loss after Savings 

PVC windows, one frame with double pane glass   16.80 9,589 3,836 5,753 

Wood windows, one frame with single pane glass   1.80 1,473 411 1,062 

Wood windows, one frame with double pane glass   8.20 6,709 1,872 4,836 

Wood windows, two frame with single pane glass   3.3 2,700 753 1,946 

Wood doors with single pane glass  11.55 9,449 2,637 6,812 

Total air infiltration losses   19,447 17,480 1,967 

Infiltration losses include exchanges in the quantity of air that is larger than required by the person who is 

resident in the building. The amount that was taken in to calculation is 30 m3/h per person, which is 

appropriate for school type of building. According to proposed reconstruction, it would not be endanger 

the appropriate amount of fresh air that is required under the regulations for the school facilities. 
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Table 19: Total transmission losses [kWh] 

Transmission losses 
U-coef. U-coef. Difference Savings Savings 

before after W/°C.hr kWh/m² kWh 

PVC windows, one frame with double pane glass 1.70 1.70 0.00 0.00 0.00 

Wood windows, one frame with single pane glass 5.20 1.70 3.50 195.85 352.54 

Wood windows, one frame with double pane gl. 3.30 1.70 1.60 89.53 734.17 

Wood windows, two frame with single pane glass 2.30 1.70 0.60 33.58 110.80 

Wood doors with single pane glass 4.20 3.00 1.20 67.15 775.58 

Total         1,973.09 

Table 20: Calculation of energy savings for proposed measure 

Total energy savings  3,941 kWh/a 

Total reduction of energy costs 123 EURO /a 

Investment 3,728 EURO /a 

Simple pay back 30.3 Years 

3.2 Building energy infrastructure improvement 

3.2.1 Installation of balancing valves 

The existing heating network is not balanced. Each riser should be equipped with a balancing valve for 

adjusting the flow in each riser. This will help in preventing overheating. The prices of installation of 

balancing valves include purchase, transport and adoption of pipe connection. Table 21 presents 

calculation of energy savings for proposed measure. 

Table 21: Installation of balancing valves and calculation of energy savings for proposed measure 

Number of columns 15 - 

Cost per column 50 € 

Total investment 750.0 € 

Estimated savings [%] 2 % 

Estimated annual energy savings 1,510 kWh 

Estimated annual cost savings 47 € 

Simple pay back 15.9 years 

3.2.2 Installation of thermoregulation valves 

Measure for implementation of thermostatic radiator valves is also proposed. We propose to install 30 

pieces of TRVs. Price for installation of one TRV is around 20 €. Installation price for thermoregulation 

valves include purchase, transport, discharge of installation, removal of existing radiator valve and adoption 

of pipe connection. We have assumed the percentage of energy savings of 13 % for this measure. Tables 22 

present calculation of energy savings for proposed measure. Proposed control system consists of 

temperature sensors to monitor the indoor temperature and the outdoor temperature, a three way valve 

or flow control valve and thermostatic radiator valves.  Energy savings due to temperature control is 

generally 15% of the consumption in western countries, and more in Eastern countries because the boiler 

plant typically has very bad controls. The percentage of energy savings assumed in this study is 13%. 

Table 22: Calculation of energy savings for proposed measure 

Existing annual heating consumption 75,500 kWh 

Estimated annual energy savings  9,815 kWh 

Cost of heat   0.03 €/kWh 

Estimated annual cost savings  307 € 

Total investment   3,600 € 

Simple pay back     11.7 years 
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3.2.3 Piping insulation 

The hot water installation pipes located inside the building in unheated area should be insulated. Tables 23 

and 24 present calculation of energy savings for proposed measure. 

Table 23: Piping insulation of heating system 

  

  

Insulated U-

value, W/
o
C 

linear meter 

Insulated  

U-value, W/
o
C 

linear meter 

Delta U-value, 

W/°C linear 

meter 

Pipes located in unheated area 0.5 0.3 0.2 

  
Temp. 

Difference, 
o
C 

Savings kWh/lm-

year 

Length 

linear meters 

Total saving 

kWh/year 

Pipes located in unheated area 46 40 4 160.74 

Total:  160.74 

The average diameter of pipes is typically 34 mm. The pipes located in unheated area have an estimated 

average insulation of 2 cm, and the pipes located in the heated spaces (rooms and stair cases) have no 

insulation. All pipes would be insulated with 2 x 13 mm POLYURETHANE INSULATION. Price of installation of 

pipe insulation for linear meter is 10 €. This price includes purchase, transport, removal of existing old 

insulation and setting the new insulation. We have supposed that around 50% of energy losses are 

recovered. 

Table 24: Calculation of energy savings for proposed measure 

Total energy savings (supposing that only 50% of losses are recovered) 80,37 kWh 

Total reduction of energy costs 2,51 € 

Investment 40,00 € 

Simple pay back 15,92 year 

3.3 Improvement of hot water boiler operation - switching fuel type 

OPTION N
o
1. It is highly recommended to change type of fuel from coal and wood to biomass pellet as a 

fuel for new central heating system. That includes new boiler implementation with heat energy distribution 

equipment. Boiler replacement (fuel type changing) is undemanding to implement and integrate in a boiler 

supply system, because existing option is solid fuel. Switching fuel to biomass pellet additionally brings 

reduction in CO2 emission. Investment costs include new boiler and belonging equipments. After 

implementation of proposed measure overall heating system efficiency will increase to be around 0.88, 

where it is assumed that boiler efficiency will be 0.91 and for distribution system 0.96. Calculation 

presented in Table 25.  

Table 25: Calculation of energy savings and CO2 emission for proposed measure (OPTION 1) 

Parameter Value Unit 

The unit price of mixed heating system 0.031 €/kWh 

Estimated heating unit price for pellet as a fuel 0.029 €/kWh 

Heating value of pellet 5.10 kWh/kg 

SCENARIO #1:  Energy consumption and CO2 balance of existing building without fuel conversion 

Annual calculated energy needs 75,500 kWh/a 

Existing annual energy cost 2,359 €/a 

Existing energy consumption 116,873 kWh/a 

Cost of CO2 15 €/t 

Coal annual requirements 18,911 kg/a 

Wood annual requirements 18,9 m
3
/a 

Annual CO2 emission from coal 29,785 kg/a 

Annual CO2 emission from wood 9,531 kg/a 

Total market costs of CO2  589.8 €/a 
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SCENARIO #2: Energy consumption and CO2 balance of existing building with fuel conversion 

Existing annual calculated energy needs 75,500 kWh/a 

Efficiency of new heating system 88 % 

Pellet annual requirements 16,822 kg/a 

New annual consumption 85,795 kWh 

New annual cost 2,187 €/a 

Annual reduction in consumption (regarding to Scenario #1) 31,077 kWh 

Annual reduction in cost (regarding to Scenario #1) 172.8 €/a 

Total fuel conversion costs (boiler capacity according to existing consumption) 2,708 € 

Annual CO2 emission (by pellet) 25,738 kg/a 

Market costs of CO2 386.1 €/a 

Annual CO2 savings by fuel conversion 13,578 kg/a 

Annual CO2 savings by fuel conversion 203.7 €/a 

SCENARIO #3: Energy consumption and CO2 balance of improved building, without fuel conversion 

Existing energy needs: 75,500 kWh/a 

Existing annual energy cost: 2,360 €/a 

New energy needs (improved building by package 1) 38,349 kWh/a 

New annual energy cost: 1,199 €/a 

New energy consumption (existing heating system) 59,364 kWh/a 

Reduction in consumption (regarding to Scenario #1) 57,509 kWh/a 

Annual reduction in energy cost (regarding to Scenario #1) 1,161 €/a 

Coal annual requirements 9,606 kg/a 

Wood annual requirements 10 m3/a 

Annual CO2 emission from coal 15,129 kg/a 

Annual CO2 emission from wood 4,841 kg/a 

Total market costs of CO2 299.6 €/a 

Annual CO2 savings by building reconstruction 19,346 kg/a 

Annual CO2 savings by building reconstruction 290.2 €/a 

SCENARIO #4: Energy consumption and CO2 balance of improved building with fuel conversion 

New energy needs (improved building by package 1) 38,349 kWh/a 

Efficiency of new heating system 88 % 

New energy consumption 43,579 kWh/a 

New annual cost 1,111 €/a 

Consumption reduction by fuel conversion (regarding to Scenario #3) 15,785 kWh/a 

Consumption reduction by fuel conversion (regarding to Scenario #3) 26.6 % 

Annual energy costs reduction (regarding to Scenario #3) 87.8 €/a 

Pellet annual requirements 8,544 kg/a 

Total fuel conversion costs (boiler capacity according to new consumption) 1,376 € 

Annual CO2 emission 13,073 kg/a 

Market costs of CO2 196.1 €/a 

Annual CO2 savings by building reconstruction and fuel conversion 26,243 kg 

Annual CO2 savings by building reconstruction and fuel conversion 393.7 €/a 

OPTION No2. It is also recommended to change type of fuel from coal and wood to natural gas. For this 

option, boiler installment is not easy to implement and integrate in a boiler supply system.  It is necessary 

to build a new boiler room with appropriate infrastructure.  

Recommended measure is boiler house constructing. After implementation of proposed measure overall 

heating system efficiency will be 0.92 (yearly average), where we have assumed that boiler efficiency will 

be 0.94 and for distribution system 0.97. Investment costs include boiler house reconstructing (building) 

and infrastructure adaptation for new boilers and belonging equipments. Calculation presented in Table 26. 
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Table 26: Calculation of energy savings and CO2 emission for proposed measure (OPTION 2) 

Parameter Value Unit 

The unit price of mixed heating system 0.031 €/kWh 

Estimated heating unit price for pellet as a fuel 0.029 €/kWh 

Heating value of pellet 5.10 kWh/kg 

SCENARIO #1:  Energy consumption and CO2 balance of existing building without fuel conversion 

Annual calculated energy needs 75,500 kWh/a 

Existing annual energy cost 2,359 €/a 

Existing energy consumption 116,873 kWh/a 

Cost of CO2 15 €/t 

Coal annual requirements 18,911 kg/a 

Wood annual requirements 18.9 m
3
/a 

Annual CO2 emission from coal 29,785 kg/a 

Annual CO2 emission from wood 9,531 kg/a 

Total market costs of CO2  589.8 €/a 

SCENARIO #2: Energy consumption and CO2 balance of existing building with fuel conversion 

Existing annual calculated energy needs 75,500 kWh/a 

Efficiency of new heating system 92 % 

Natural gas annual requirements 8,862 m3/a 

New annual consumption 82,065 kWh/a 

New annual cost 3,128 €/a 

Annual reduction in consumption (regarding to Scenario #1) 34,807 kWh/a 

Annual reduction in cost (regarding to Scenario #1) -768.1 €/a 

Total fuel conversion costs (boiler capacity according to existing consumption) 7,771 € 

Annual CO2 emission (by natural gas) 16,413 kg/a 

Market costs of CO2 246.2 €/a 

Annual CO2 savings by fuel conversion 22,903 kg/a 

Annual CO2 savings by fuel conversion 343.6 €/a 

SCENARIO #3: Energy consumption and CO2 balance of improved building, without fuel conversion 

Existing energy needs: 75,500 kWh/a 

Existing annual energy cost: 2,360 €/a 

New energy needs (improved building by package 1) 38,349 kWh/a 

New annual energy cost: 1,199 €/a 

New energy consumption (existing heating system) 59,364 kWh/a 

Reduction in consumption (regarding to Scenario #1) 57,509 kWh/a 

Annual reduction in energy cost (regarding to Scenario #1) 1,161 €/a 

Coal annual requirements 9,606 kg/a 

Wood annual requirements 10 m
3
/a 

Annual CO2 emission from coal 15,129 kg/a 

Annual CO2 emission from wood 4,841 kg/a 

Total market costs of CO2 299.6 €/a 

Annual CO2 savings by building reconstruction 19,346 kg/a 

Annual CO2 savings by building reconstruction 290.2 €/a 

SCENARIO #4: Energy consumption and CO2 balance of improved building with fuel conversion 

New energy needs (improved building by package 1) 38,349 kWh/a 

Efficiency of new heating system 92 % 

New energy consumption 41,684 kWh/a 

New annual cost 1,589 €/a 

Consumption reduction by fuel conversion (regarding to Scenario #3) 17,680 kWh/a 

Consumption reduction by fuel conversion (regarding to Scenario #3) 29.8 % 

Annual energy costs reduction (regarding to Scenario #3) - 390.1 €/a 
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Natural gas annual requirements 4,501 m
3
/a 

Total fuel conversion costs (boiler capacity according to new consumption) 3,947 € 

Annual CO2 emission (by natural gas) 8,336 kg/a 

Market costs of CO2 125.1 €/a 

Annual CO2 savings by building reconstruction and fuel conversion 30,980 kg/a 

Annual CO2 savings by building reconstruction and fuel conversion 464.7 €/a 

CONCLUSION: 

The heating system conversion is slightly cost and energy effective if the existing boiler uses biomass pellet 

instead of combination coal (lignite) - wood as fuel. Actual fuel prices ratio is favorable but not enough for 

significant financial effect. Costs of coal and wood are very low regarding to all other fuel option on Serbian 

market. Fuel conversion from coal to biomass pellet will reduce CO2 emission and makes use of fuel more 

efficiently. In same time, annual energy costs will decrease for 88 €/a (in combined fuel conversion and 

building reconstruction and regarding to Scenario #3). Then combine effect provides simple payback period 

slightly above 15 year, in circumstances of absence of any kind of subsidy and no income included from CO2 

reduction (26.2 t/a and 395 €/a). 

Option 2 recommends natural gas as a fuel option and this conversion is energy effective but not 

economically even in solution of combined fuel conversion and building reconstruction. Such option 

generates slightly negative costs balance on yearly base. Investment costs in option 2 is high, because 

natural gas fired heating system requires more complex infrastructure, safety procedures implementation, 

costs related to engineering design and other costs. Fuel conversion to natural gas will reduce CO2 emission 

(31 t/a and 465 €/a), and makes use of fuel more efficiently. Annual energy costs will increase for more 

than 390 €/a (in combined fuel conversion and building reconstruction and regarding to Scenario #3).  

3.4 Introduction the energy management procedures 

Energy management practice should be upgraded so that systematic monitoring and targeting techniques 

are implemented. A closer cooperation between energy and end users departments will be beneficiary for 

the overall school efficiency.  

Introduction the energy management procedures understand follows: 

1.  Monitoring & targeting activities 

2.  Training and motivation of personnel 

3.  Energy data collection, analysis and interpretation 

4.  Operational management improvement 

5.  Maintenance service improvement 

6.  Instrumentation and metering systems upgrading 

Last issue is a main prerequisite of effective energy management - good metering systems. In school, 

instrumentation and metering systems have to be improved. It is particularly important to establish regular 

control of the instrumentation accuracy. Manual records of measured values in prescribed time intervals 

exist, but their processing has to be improved in order to achieve greater energy efficiency and correct 

implementation of the method of maintenance. That means that continuous feedback of results of 

processes' measurements must be improved. Existing instrumentation is insufficient to operate the process 

in an energy optimal way. At present, it is possible to read some basic energy process parameters, which is 

not sufficient implementation of energy management technique like monitoring and targeting (M&T). 

An adequate metering and sub-metering system is a prerequisite for introduction of comprehensive energy 

management practice, which consists of data collection, analysis, interpretation, identification of inefficient 

operational practices, and taking corrective actions. Effect of implementation is difficult to determine 

precisely. Savings are from 3% to 5%, based on school and education sector experiences and specialized 

literature. In case of school in Titel, we could expect 4% approximately, because energy management issues 

exist in a certain degree but potential is not exhausted. Potential is recognized by performance indicators 

created by available data (collected or experienced) and with a certain degree of reliable, savings could be 

in scope from 1,500 EURO /a to 1,800 EURO/a.  
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If assume that sophisticated equipment, instruments, hardware and software etc. then training of the staff, 

additional time etc. requires investment more than 5,000€ (mostly in first year), then simple payback 

period is above 3 years. 

4 OVERVIEW OF PROPOSED ENERGY EFFICIENCY MEASURES 

From economical point of view, some of the proposed measures require a relatively long period of time to 

return while making small energy savings. Often they are the most needed measures that require rapid 

intervention, because they affect the normal functioning of the facility. The investment package should be 

cost-effective to combine the fast return on proposed energy efficiency measures. Given the state of the 

building made the choice of measures that are most needed and realize significant energy savings to make 

such an investment was economically acceptable. 

Table 27: Proposed measures, investments, savings and payback time on total investment 

No 
Proposed projects for the implementation of 

the selected energy efficiency measures 

Potential of 

energy saving 

Savings in 

energy costs 

Total 

investment 

Pay 

back 

kWh/a % €/a € years 

1 
BUILDING ENVELOP RECONSTRUCTION 

Changing the wood window and doors 
3,941 5.2 123 3,728 30.3 

2 
BUILDING ENVELOP RECONSTRUCTION 

Implementation of walls thermal insulation 
11,584 15.3 362 6,007 16.6 

3 

BUILDING ENVELOP RECONSTRUCTION 

Implementation of a mineral wool thermal 

insulation in the roof 

19,383 25.7 606 8,400 13.9 

 

 

 

4 

5 

6 

BUILDING ENERGY INFRASTRUCTURE 

IMPROVEMENT - INNOVATION OF HEAT 

ENERGY DISTRIBUTION EQUIPMENTS 

Installation of balancing valves 1,510 2.0 47 750 15.9 

Installation of thermoregulation valves 9,815 13.0 307 3,600 11.7 

Piping insulation 80 0.1 3 40 15.9 

7 

IMPROVEMENT OF HOT WATER BOILER 

OPERATION - SWITCHING FUEL TYPE 

Replacement existing boiler with new boiler 

for a pellet or constructing of boiler room 

with new natural gas fired boiler(s) 

31,078 

34,808 

26.6 

29.8 

  173 

- 768 

2,708 

7,771 

15.7 

- 

8 

ENERGY MANAGEMENT PROCEDURES 

INTRODUCTION Monitoring& targeting; 

Training and motivation of personnel; Energy 

data analysis and O&M improvement 

- 3 ÷ 5 - 5,000 3 

 

REMARKS for Proposed projects #7: 

− Presented values are calculated for a case before envelop reconstruction 

− Potential of energy saving [kWh/a] = Reduction in fuel consumption (reduction of input energy from fuel).  

− Investment is calculated for plant capacity without (before) envelop reconstruction. Capacity could be lower in 

case of building envelop reconstruction, because of energy needs decreasing.  
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Table 28: Combined investment packages 

Measures included,  

from previous table  

Investment 
Energy 

saved 

Cost 

reduction 

Pay 

back  

Energy 

saved 

EURO   kWh/year EURO/year    years % 

All (#1 ÷ #6) 22,525 37,151 1,161 19.4 49.2% 

Measures: #2 ÷ #6 16,518 30,200 944 17.5 40.0% 

All (#1 ÷ #6) + new boiler for a wood pellet 25,233 47,348 1,371 * 18.4 62.7% 

All (#1 ÷ #6) + new natural gas boiler house 30,296 48,572 2,012 * 15.1 64.3% 

* Calculated for a new final energy price in accordance with changed fuel. 

COMMENT:  

Boiler replacement included in Pay back calculation, and this package is recommended. Annual CO2 savings 

is not included in Pay back calculation.  

IMPORTANT REMARK:  

After implementation recommended measures specific energy demand reduces from 204 to 131 kWh/m
2 

per year. 


