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Section 1 Introduction 

Serbia's energy consumption, particularly for space heating, imposes serious challenges to the 
country's recovery. Households and Municipal Institutions are facing difficulties paying for 
energyheat, while energy producers- particularly electricity- face supply shortages. Heavy 
subsidies to the prices of electricity and district heat had exacerbated the situation by encoura,&g 
high consumption levels. The budgets of cities and energy enterprises are strained to provide the 
subsidies, making it difficult to increase energy supplies. Energy efficiency is clearly one of the 
methods to relieve the supply shortages, while also providing social protection against the 
inevitable removal of subsidies. 

USAID designed the Serbia Emergency Energy Efficiency Pro,- (SEEEP) with the objective 
of promoting energy efficiency at national level. The key element of the pro-oram is the 
widespread demonstration of financially attractive energy saving technologies, which will attract 
both private and public investments toward the repetition of the demonstration projects. The 
anticipated large number of repetitions will in turn have a substantial impact in reducing energy 
consumption at national level, with a consequent reduction in government expenditures. 

The practical implementation of SEEEP consisted in the installation of numerous energy 
efficiency demonstration projects. For the purpose of evaluating the energy savings achieved by 
each project, it was decided to use winter season 2000-2001 as the energy consumption baseline 
period, and winter season 2001-2002 for the measurement of energy consumption after the 
implementation of the projects. 

As USAID contractor for SEEEP, in Spring 2001 Nexant performed a rapid assessment of the 
potential thermal and electric energy savings achievable in selected institutional buildings, to use 
as demonstration proiects throughout Serbia. The assessment identified, in five Serbian - - - 
Municipalities, approximately forty potential energy efficiency measures, offering various 
degrees of financial feasibility, and submitted them to USAID for approval. USAID reviewed - 
them and approved 16 for immediate implementation. 

One of the Municipalities in which several approved measures had been implemented is the 
Municipality of Zrenjanin. 

Zrenjanin is Located Approximately 85 Krn north of the capital of Serbia, Belgrade. It covers an 
area of 3 km2, encompassing 22 settlements, and a total population of 144,000,65% of which 
lives in the city, and the remaining lives in the rural surroundings. The municipality is 
considered one of the most industrialized in Serbia. The agricultural processing industry 
accounts for the biggest portion of the industrial output, 32%, followed by the textile industry 
accounting for 25% of the industrial output, then by the metal industry accounting for 20%, and 
finally by the chemical industry producing 15%. 

This Post-Implementation Evaluation Report illustrates the energy efficiency measures 
implemented in the Municipality of Zrenjanin, and the resulting savings. 
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Section 2 Methodoloav 

The methodology applied for the calculation of savings achieved by the energy efficiency 
measures implemented by Nexant within the framework of the Serbian Emergency Energy 
Efficiencv P r o m  is based on the rmidelines established bv the International Performance 
~easurement & Verification ~rotoci l  (JPMVP, Ref. I), issied by the U.S. Department of Energy 
in October 1997. 

The methodology is discussed in detail in Nexant report entitled "Measurement and Verification 
Plan". The specific steps used for the collection of the necessary energy consumption data, and 
the calculation of savings, achieved by the various measures, are described in this report. The 
methodology has been applied consistently to all the measures. The data collected and the results 
of the analyses are presented in a latter section of this report. 

2.1 CALCULATION PROCEDURE 

The energy saving due to an Energy Conservation Measures (ECM) implemented in a facility is 
determined by comparing the quantity of energy consumed in the facility, or part thereof, during 
a specified baseline period (in this case winter season 2000-2001), before the installation of the 
ECM, and the quantity of energy consumed during a corresponding period of the same 
characteristics, i.e. length, weather conditions, etc ..., after the installation of the E M  (in this 
case winter season 2001-2002). By subtracting 'actual energy consumption after ECM 
installation' from 'adjusted energy consumption before ECM installation' we obtain: 

Energy Saving = Adjusted energy consumption before ECM installation - 
-Actual energy consumption after ECM installation 

2.2 ADJUSTED ENERGY CONSUMPTION BEFORE ECM INSTALLATION 

Energy consumption before ECM installation is estimated either from & i t  measurement of 
various parameters or from historical data obtained from the utilities, municipalities, or other 
relevant sources. 

In most situations, energy consumption pattern or parameters affecting the energy consumption 
change for various reasons after installation. These changes typically include change in operating 
hours, change in operating or ambient temperature, change in energy requirement, change in level 
of comfort, etc. To estimate energy saving, it is necessary that the measurements, before and 
after, reflect energy usage under similar conditions. Two important parameters that changed from 
the baseline period to the after ECM installation period have been addressed already in Nexant's 
Rapid Assessment Report, precisely: 

All facilities complained that during the baseline period, i.e. winter season 2000-2001, the 
quantity of heating fuel available was not sufficient to create an adequate level of comfort 
for theoccupants of the facility. Use of supplementary portable eleckc heaters improved 
somewhat the situation, but not to satisfactory levels. To equalize the conditions before 
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and after the ECM installation, the before energy consumption was adjusted to reflect an 
adequate level of comfort (i.e. approximately 18-20 OC indoor temperature). The 
adjustment was obtained by multiplying the effective consumption, estimated from the 
information received, by the following factor: 

Comfort Level factor = (T, - T,"I) 1 (Ta - T,I) 
Where: Tc= Indoor comfort temperature (approx 20°C) 

Ta= Indoor temperature actually experienced in Winter 2000- 
2001, as estimated from verbal information obtained during 
site visits 

T,,,,= Monthly average outdoor temperature in Winter 2000- 
2001, as obtained from the Serbian National Weather 
Institute 

The prices charged for heating fuels and electricity were heavily subsidized during the 
baseline period, and did not reflect the realistic international market levels toward which 

A 

prices are now inevitably moving, as government subsidies are being reduced or 
abolished. To reflect a realistic estimate, the calculation of energy costs has been based on 
the following realistic prices: 

Electricity $0.05 per kwh 

Light Oil $0.23 per Litre 

Heavy Oil $0.18 per Litre 

Natural Gas $0.10 per m3 

coal $33.5 per ton (this reflects price of locally produced 
coal, not an international price) 

Other important parameters considered for the adjustment include: 
The baseline winter season 2000-2001 has been an exceptionally mild one, while winter 
season 2001-2002, during which the measures have been implemented, and the after 
ECM installation measurements taken, is the harshest winter on record in Serbia for the 
last 30 years. The adjustment was obtained by multiplying the effective consumption, 
estimated from the information received, by the following factor: 

Winter Rigiditv factor = (Tc-T&) 1 (TC-TWl) 
Where: TF Indoor comfort temperature (approx 20°C) 

Twi = Monthly average outdoor temperature in Winter 2000- 
2001, as obtained from the Serbian National Weather 
Institute 

Td = Monthly average outdoor temperature in Winter 2001- 
2002, as obtained from the Serbian National Weather 
Institute 

In case of applications where new high efficiency lighting technology is used, the wattage 
of the old lamps has to be adjusted to reflect the illumination level (Lux) provided by the 
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new system. This is obtained by multiplying the Wattage of the old lamps by a factor 
equal to the ratio of the new illumination level to the old illumination level. 

These adjustments made the winter season 2000-2001 energy consumption data comparable to 
the winter season 2001-2002 energy consumption data. 

2.3 ACTUAL ENERGY CONSUMPTION AFTER ECM INSTALLATION 

The usual method for deriving energy consumption data after ECM installation is to use direct 
measurements or recording of various parameters. However. since the ECM installations were 
completed in February 2062, the only measured data available refer to March and April 2002. 
These data were used as a basis to extrapolate the data to cover the months of October 2001 
through February 2002, when the ECMs were still being installed. 

The extrapolation of the actual consumption data measured in March-April 2002 was done under 
the basic assumption that the rate at which thermal energy is consumed is linearly prop0~011al 
to the indoor-outdoor temperature drfferential. 

To extrapolate the March-April 2002 consumption data to the months of October 2001 through 
February 2002, we must derive the equation of the line representing the consumption on the 
Cartesian plane defined by axis X (temperature differential) and axis Y (hourly thermal 
consumption). The line contains the two known points: 

PI (XI, YI) and PZ (XZ, Yz) 
Where: 

XI= hourly consumption in March 2002 
Y1= indoor-outdoor temperature differential in March 2002 
X2= hourly consumption in April 2002 
Y2= indoor-outdoor temperature differential in April 2002 

The equation of the line is then derived as: 
ps7zTzq 

Where: 
a=Y1-Y2 
b=Xz-Xl 
c=X1Y2- XzY1 

The extrapolated consumption data for the months of October 2001 through February 2002 are 
then obtained by entering the known indoor-outdoor temperature differentials in the equation, 
calculating the hourly co~sumptions, and multiplying it by the known number of hours of 
operation per month. 

2.4 ENERGY SAVING, COST SAVING, AND SIMPLE PAYBACK PERIOD 

Annual energy saving was calculated by subtracting the post-installation energy consumption 
from the adjusted pre-installation energy consumption, over the entire winter season, i.e. from 
October 1'' through April 15'. 

Annual cost saving was calculated by multiplying the annual energy saving by the realistic price 
of fuel andfor electricity. 
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Simple Payback period was calculated by dividing the capital cost of the implementation by the 
annual cost saving. 

All calculations were performed using Excel spreadsheet programs. 
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Section 3 City Hall 

The Municipality of Zrenjanin has the administrative 
responsibility for the county as well as the city. The 
city has 80,000 residents, but the municipality is 
responsible for a total 150,000 residents. City Hall 
houses the administrative offices for the entire County, 
consisting of 5 municipalities and many villages with a 
total population of 250,000. The building is 150 years 
old, made of bricks, and considered a cultural 
monument under federal protection as a heritage site. 

3.1 HEATING SYSTEM 

The heat exchanger installed in the District Heating 
Plant substation has been eliminated, establishing a 
direct connection between the DHP hot line and City 
Hall heat distribution system (radiators). Automatic 
controls have been added to regulate the flow of hot 
water according to outdoor temperature. Additionally, 
a Calorimeter has been added to meter the amount of 
thermal energy actually delivered to City Hall from the . 

DHP. 

Thermostatic control valves have been installed on all radiators, and thermal shields have been 
installed behind all radiators located next to outside facing surfaces. 

Sifuation of oldsubstation 
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No themalmnirol valves on radiators 

3.2 Windows Replacement 

All the 192 old wood frame windows have been replaced with new double glass pane, wood 
frame windows of local manufacture. Design, material, and manufacture of the new windows 
have been approved by the Serbian Institute for the protection of Cultural Heritage. 

3.3 BASELINE ENERGY USE 

Thermal Energy Consumption - Historical thermal energy consumption data for every month 
during the winter season of year 2000-2001 was obtained from the Municipality. 

Electrical Energy Consumption - Historical electrical energy consumption data for every 
month during the winter season of year 2000-2001 was obtained from the Municipaliw in the - - - 
form of utility bills for each month. Since the electricity consumption for heating and lighting are 
not metered separately, the utility bills include combined consumption for both heating and - . - 
lighting. To separate the two components, the monthly consumptions for the entire year was 
examined. The consumption during non-winter months essentially consists of lighting. This 
consumption was extrapolated for the winter months using approximations and subtracted from 
the respective monthly total electricity consumption during the winter season. This process gives 
the approximate monthly electricity consumption for heating. 
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Operating Hours - The facility operating hours during the heating season was recorded, based 
on City Hall's daily hours of operation. 

Average Outdoor Ambient Temperature -This information was obtained, for each winte~ 
month, from the National Weather Institute. 

Adjusted pre-installation energy consumption. The historical energy consumption, obtained 
from the Municipality was adjusted as described at paragraph 2.1.1 above 

Average Indoor Ambient Temperature - the estimate of average indoor ambient temperature 
was obtained from City Hall. 

3.4 POST-INSTALLATION ENERGY USE 

Thermal Energy Consumption -Was estimated on the basis of periodic measurements of the 
level in the boilers' fuel oil tank. 

Electrical Energy Consumption -Was obtained from the Center's monthly bills. It has to be. 
noted that the total energy consumption for Winter season 2001-2002 is larger than the one for 
Winter season 2000-2001: this is due to the fact that the heating system was out of operation for 
two months during the installation of the new boilers, and the only source of heat available 
during this period were portable electric heaters. 

Average Outdoor Ambient Temperature - Was obtained from the National Weather Institute. 

Average Indoor Ambient Temperature - Was recorded several times a day over a 24-hour 
period, at three typical different locations in the Center, on the first day, last day, and hvo 
intermediate days of the month. The average indoor ambient temperature was then derived 
averaging these data. 
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3.5 ENERGY SAVINGS 

As mentioned, the energy savings were calculated as the difference between the adjusted pre- 
installation consumption, and the post-installation consumption. The result is summarized in the 
following table: 

Electric ~ n e r i ~ a v i n ~  348,500 
Total Cost Saving, $/y $24,700 
Investment Cost, $ $89,350 
Payback Period, Yrs 3.6 
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