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The general energy audit in a primary school in Pristina - a case
study
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2Faculty of Economics — UP Hasan Prishtina. Pristina, Kosovo
34Faculty of Mechanical Engineering — UPT, Tirana, Albania
SFaculty of Construction and Architecture — UP Hasan Prishtina. Pristina, Kosovo

Abstract. Energy Audit Standard of this educational object, presents the current existing situation of
energy consumption, which enables us to identify energy consumption needs of small costs to those
with high energy saving. The main goal is to achieve energy savings, energy saving measures (ESM),
identify energy saving measures, the preparation of the document on energy saving measures, the
implementation of these measures after finding them, etc. For the realization of standard energy audit
facility records needed for billing of energy (electricity, fuels) for the last three years (or/and the
following year); studies for building object as plans related structure construction and materialization
mantle, energy installations and operations of the apparatus/basic equipment, including cooling-
heating, etc. Based on the methodology of the ASE, is explored in this paper about energy efficiency
for the case study: Primary School in Pristina - Kosovo, to give appropriate recommendations towards
high energy performance on particular educational facility and/or building facilities in general.

Keywords: audit standard, efficiency, consumption, saving, move.

1 Introduction

An energy audit is a general term for a systematic procedure that aims to gain adequate knowledge
regarding energy consumption profile of a building or an industrial plant. It also aims to identify and
balance the opportunities for saving energy cost-effective for the unit. Energy audits are important for
the implementation of energy saving measures and targets for providing Energy Management. In an
energy audit required to be conditions are met: a) energy saving, b) energy consumption and savings
opportunities, ¢) other technical and environmental indicators of other aspects to be considered (the
technical, environmental) are major energy savings, d) report on austerity measures energy, and d) the
audit work can cover all aspects of energy use of a object or certain parts (equipment, systems) or several
objects.

1.1 Description of the existing situation of the object

Cover object: Cover or exterior walls have openings - windows. As shown in Figure 1.a, most of the
surface of the mantle is composed of windows.

The walls are built with clay bricks, Giter type with holes and continue plastered with loops on both
sides, from outside and inside. The windows and doors were replaced in 2006. Plastic windows are
double glazed with vacuum 2 [cm] by manufacturer "LESNA". Profile of the windowis d =7 [cm]
Windows as well as doors are in very good condition and usable. Entresol structure (floor and ceiling):

The floor was renovated in 2006. Through the office is laid laminate and ceramic tiles in corridors,
figure 1[1].
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Fig. 1 View of the interior of the school building: a. mainly with windows wrapping and b. mid-floor
roof from reinforced concrete

The roof: Because of damage to the flat roof waterproofing is doing a renovation in 2007 where the roof
slope is determined by the construction of wood and covered with corrugated sheet.

1.1.1 Calculation of important parameters

Calculations of the most important architectural data for ,,Dardania’’ Primary School in Pristina, (2010),
are summarized and presented as follows (Table 1).

Important parameters in the Primary School "Dardania™ Pristina - November 2010
Dwelling | The Exterior | The Comdor Totalnet | Totalnetarea | Volume | The
F+2 SUIfaFE of | wall surfaceof | area area of ofphysical space perimeter

exterior surfaces | exterior iminsulated | P2ses educationhall 3 [#]
walls with . ) [#?] . (7]
i without | windows [m2 ] i with
openings . .
2 opening | and doors accompanying
[ ] [m2] [m2] space
Ground | 136133 132687 | 34436 727353 283476 130045 992166 | 371441
Floar
Floor 1 22083 19629 335.14 57221 1115.73 3903.055 | 627.10
Floor 2 13208 1083682 | 236.88 33041 43347 1517.145 | 36037
Total 172324 53155 606.58 1630.17 4383.96 130045 15343.86 | 470198
Table of introducing spots heights (H)
Ground Floor 320+30+10+6.5=366.5
Floor1 320+30+10+6.5=366.5
Floor2 320+30+10+6.5=366.5
1.2 Electrical system

In the corridors, in the classrooms, administrative spaces and other working spaces are located FC 2X36
[W1 fluorescent lamps and 4X1.8 [W ], while the bathrooms and carpeted spaces are located 1x100

[W] incandescent lamps.
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Power The total Yearly Yearly energy
Type No. [kw] capacity hours of consumption
installed [kW] | operati [kwh]
Fluorescent lighting T8/36 854 0.036 30.74 1000 30.744
Fluorescent lighting 9 0.060 0.54 1000 540
Fluorescent lighting 36 0.016 0.58 1000 576
Incoming reflector (fluorescent) 1 0.200 0.20 1073 215
Gyms 14 0.125 4.75 430 753
Lighting (incandescent) 56 0.100 5.60 1000 5600
Pump boilers 2 1.600 3.20 1000 3200
Electric boiler 80 [liters] 1 2.000 2.00 1000 2000
Comp and TV 5 0.200 1.00 1600 1600
Electric heat 2 2.000 4.00 1000 4000
TOTAL 49.61 49228

Fig. 2 Interior view of school lighting

Based on Table 1 and 2 and in Figure 3 shows that the total consumption for lighting and consumed just
based on that fact as a measure to be taken to economize energy consumption in lighting, should be
replacement of incandescent bulbs with lamps compact fluorescent. Table 2 Participation in total
consumption:

Type Energy consumed [kWh] | Participation in total consumption [%]
Lighting 348 78%
Pump boilers 3200 7%
Electric boiler8o [liters] 2000 4%
Computersand TV 1600 3%
Electric heat 4000 8%
TOTAU 40228 100 %

Participation in total
3% \consumption [%]
4%
7%

M Lighting

78%

Fig. 3 Participation in the total consumption in %

Always based on the existing situation, the demand for electricity for lighting is 38428 [kWh/years].
Besides lighting, the school also has the following equipment: pumps boilers, electric boiler, computer,
TV and electric heating. Based on the existing situation, the consumption of electricity for electric is
approximately 10800 [kWh/year]. If consumption compared in Table 1 with consumption billed by
KEK, resulting in a difference in consumption. Change in consumption is justified by the fact that during
the year may be considered to electric lamps were not functioning, while the other factor are also power

10
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cuts during the year, of which vary from year to year. Should be taken into consideration during
electricity reductions, electricity consumption is covered by electric generator but do not know the
average annual time reductions.

1.2.1 Energy Building

Table 3 shows electricity consumption by month for the past three years. If consumption seen in July
and August, shows that different from other months. Because in these months is yearly holiday.

2007 | 2008 | 2009 . » .
[kWh] | [KWh] | [KWh] Electricity consumption in the school
January 2654 4980 3680 Sm ¢
February 2632 | 4956 | 3650 A
March 2560 4785 3487 Am
April 2568 | 4563 | 3385 bl ‘ 1
May 2450 | 4323 | 3347 m ,
June 2445 | 3980 | 3340 g 22: ‘ .
July 560 856 758 - |
August 540 759 732 - |
September | 2236 4327 3211 i ‘ 'Z " !
October 2345 4587 | 32830 ol - | - .
MNovember 2475 4652 3325 1 2 31 45 8 7T &8 3omoaeE
December 2635 4836 3745
Total 26100 | 47664 | 35900 | R
SCHOOL , DARDANIA" PRISTINA
000 ¢ SO0
4000 ¢ 40m
£
$am gm-
35000
o i o
o/ L
0 0
w P m m 1] e
1 Total energy consumpton by year ¥ Electricity consumption in total by year
2007 2008 2009
[kWh] [kWh] [KWh] Konsumi i energjisé termike sipa muajve né SH.F. "DARDANIA", Prishtiné
January 127565 | 125235 | 165285 ot
February | 116658 | 109326 | 155653 om0 |
March 99795 | 85328 | 98325 M‘ﬂm |
April 97322 | 65263 | 75238 .
May o o 0 o
June 0 0 0 g 1o
July 0 0 0 am
August 0 0 0 8000 7
September 0 0 0 o f
October 75256 | 64568 | 78680 200 ¢
November | 115636 | 110582 | 144568 0
December | 128545 | 128324 | 166659 L2 s e T8 e o
Total 758777 | 688604 | 884388 T,
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thermal energy consumption per square meter by year
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Fig. 5 Electricity and thermal energy | Fig. 6 Consumption of electricity

The figure indicates that consumption in 2008 was about 83 [%] higher than consumption in 2007 to
the fact that the learning process was held in 2008 with three shifts: [2]. In Figure 6 is presented the
consumption of electricity per square meter. Electricity consumption per square meter is quite small.
Figure 6 shows that the minimum electricity consumption is spent, but it does not mean that influenced
the pupils comfort. The school also has a significant generator power from P=60 [kW]. On the basis of
what was stated above, it was difficult to find yearly production of electricity from the generator.
Building thermal energy supplied by the heat Termokos.

1.2.2 The use of efficient lighting

It is important to note that the main factor affecting power consumption is the number of operating hours
per day, on which can be found yearly operation. Another important factor is the power of the lamps to
be taken into account for their replacement. Most school space illuminated by fluorescent lamps (about
94 %). The rest is covered by incandescent lamps and mainly found in the toilets. To make an accurate
analysis about the convenience to change the bulbs, should know the average price of electricity is billed
schools by KEK. The average price of electricity for the past three years in which the school has been
billed 11 [cent/kWh]. It is recommended that incandescent bulbs (the lamps total) be replaced with
compact fluorescent lamps 0.018 [W]. In the table 5 presents the benefits that resulting replacement of
incandescent lamps with compact fluorescent lamps. Table 5: Comparison of classic lamps with
fluorescent lamps:

12
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Nominal | The total Yearly Yearly Price for Price
power capacity hours of energy [kW/cent] in
Lamp Number [kw] installed | operation | consumption Euros
[kw] [kw]
Incandescent 56 0.1 5.60 1000 5600 0.11 616
Compact 56 0.018 1.01 1000 4008 0.11 110.88
fluorescent
The annual Benefit change of lamps 505.12
Nominal Total Hours of
Fluorescent | Number | power The price of a lamp in investment operation
lamps [kw] pieces costs according to
manufacturers
56 0.018 3.50 196.00 8000

Annual expenditure by incandescent lighting (by table 5) is 5600 [kKWh]. If these 100 [W] incandescent
lamps, with longevity 1000 [h], and replaced with 18 [W] compact fluorescent lamps, lifespan 8000 [h],
which give the same intensity lighting such as incandescent, yearly expenditure will be 1,008 [kwWh],
which will be saved 4592 [kWh] , per year, about 500 euro respectively: [4], [5].

The total investment cost for the replacement of lamps is 196 euro. Lamp operation time is 8000 hours
according to the manufacturer and if compared to the operation of lamps in the school that is about 1000
hours, it appears that these lamps will operate about.

According to Figure 5 and 6 annual benefits will be 505 euro.

PBP Period of return on investment

—o— The cumulative benefits

Fig. 7 The period of return on investments

2 Heating System

This school building has heating system installed by the city through heat exchangers tiles, water-water.
The heating season in this object starts October 15 and ends April 15, and according to the respondents,
the heating is not satisfactory. Heating substation in this object is equipped with a temperature regulator,
which makes this advanced system in terms of energy efficiency, in terms of heat.

Characteristics of the heating system in this school are:

- Maximum capacity installed changers is not possible to secure, but is dedicated to heating the
school and new object — Annex,

«  The maximum temperature is 90 °C

e Maximum pressure is not known, because it lacked the tap insurer,

< Pieces were circulating pumps: two pumps with a capacity of 2 [kW] for two heating zones
and a pump installed Willo three stage type with a maximum capacity of 880 [W] and a new
facility dedicated to the annex.

Under heating station from the city in this school is not in good condition. Impurity, pipes, valves

insulated, significant water losses, not functioning for external temperature sensor, expansion vessel is
out of function, not having tap insurers are some of the reasons that the substation should be regulated,

13
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not only in terms of efficiency, but also because of the long service of these devices. Given that the
substation was installing an advanced degree, it necessitates his training-regulation. Troops radiator
heater installed in this school are in column form 431.5 capacities [kW] with two, three and four lines.
It is noteworthy that these radiators seem to be in good condition.

Also radiators were equipped with mechanical valve at the entrance (not thermostatic) and not well
balanced. Distribution piping system that is both tubular steel materials, which appears to be damaged,
because the system loses a significant amount of water that enters the system amounts to at least every
week. Dedicated distribution pipes for heating facility annex is also two tubular steel, but with
distribution near the ceiling and insulated. This can reduce the ability of heat that this object because a
large part of the heat will be lost through the middle pipe. Radiators are different number of columns 3
and 4 and 6 to 42 ribs. Power of radiators is given in the following table:

Table 7: Power of radiators:

Radiators
with columns Heating capacity radiators for H= 600
Number of The total
Number of | ribs for Capacity for | yymperof | The capacity
radiators | radiator ribs [¥] columns ofall [£#]
2 columns 10 28 79 280 2212
3 columns 18 16 106 288 30.528
4 columns 82 33 140 2706 378.84
Total 431.5

2.1 Measures to improve efficiency under heat from the city station

In order to increase efficiency and long service system is required to make some interventions as
follows:

e To make the installation of a new valve 3 bar insurers,
Replace: Thermometer, manometer, thermostat, which measured the outside temperature,

e Expanding the capability of the existing container and recalculated for the case when heat is
added to the annex needs new, as are built (2010),

e Toincrease the level of cleanliness and maintenance,
Be installed or repaired, if possible new system of water distribution pipes to heat the old
facility, which is distributed under the floor,

e Thermostatic valves placed on each radiator (a total of 128 of them),
Thermally isolate all the pipes, as they hubs, as well as those in the substation, also to isolate
all valves except in substation circulating pumps,

e Toisolate the pipeline hub in hall annex dedicated to the subject,
A thermostat placed in the pipe at the pipe entrance changers to three pumps with the help of
an electrical contractor. This will contribute to the saving of electricity used when no hot water
from the city respectively when the outside temperature is high,

e Filter cleaned every time, when the pressure difference column shows the shipping and return
increased to a significant extent compared with the usual decline.

3 Measures identified for energy saving

Identified measures for energy conservation, to increase service time, not only heating system, but also
its school building are:

e New roof height should be maintained as far as can be and intervention, and shelter (item to
be always outside exterior walls). This would increase the need for ventilation at the same time
during the summer to protect the object with many of the radiation directly benefit until winter
is the same situation. Reconstruction of a new roof and well insulated hydro close by
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infiltration is necessary. It is worth mentioning that the roof leaks at this facility is a real
problem that requires an immediate solution, since the roof with a small slope and peaked
within the perimeter of the mantle (the ceiling) is quite inappropriate for maintenance;
Elimination of thermal bridges around windows, ceiling and elsewhere in wrapping are not
limited to this subject. In this case should the whole ceiling thermally insulated with glass wool
penthouse 10 centimeters, external wall with Styrofoam 8 centimeters and revetments of a door
in the hallway in the form of ports, which has considerable infiltration;

Thermal insulation of the object envelope to school;

Replacement of windows;

Solar panels for hot water for the Hall of Physical Education.

4 Conclusions and Recommendations

During the inspection, analysis and data collection through school facility Kay and extracting the
necessary measures for this facility, as a result of the data needed for a detailed energy audit in this
school, as the summary points can be given some conclusions and recommendations:

The object of this school is in good condition for the functioning of energy efficiency, but that
should be some small measure, to be in full and complete saving of energy efficiency;

During the inspection the object in terms of power, we conclude that the school building meets
the technical standards required, as in the electrical installation, as well as lighting. During the
inspection the object are verified type of lighting lamps, their number, power installation and
operation time;

Regarding the heating system, according to administrative officials of the school, the heating
system is not satisfactory because of the frequent outages Termokos network and as a result of
this, we should find other alternatives for heating classes of learners, offices the staff of
teachers and administrative staff;

Improve measures found in the school building to increase energy efficiency. So the school
facility needs some investment to raise the level of thermal insulation envelope, as in: exterior
walls, roof and in one of the openings of the facade of the school building;

The average annual consumption of thermal energy per square meter for 2007 is 166 [KWh/m?]
for the year 2008 éshté 151 [KWh/m?] and for the year 2009 is 194 [KWh/m?].

According to Figure 7 and Table 6, the payback period will be for years, and for years it's time
operation lamps, always based on the analysis in Table 6 shows that over the years the school
will take about 3339 euros, which worth the investment. So based on this analysis, we conclude
that the investment in the replacement of lamps is enough profit for the school;

With the implementation of these measures identified above, in a short time, we will have
increased energy efficiency and energy saving high electrical and thermal.
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