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Abstract 
Students of Ludvigsbergsskolan have complained that it was cold in 

classrooms during winters, but actually the energy consumption (electricity and 

district heating) of the school has been already very high. So energy audit is 

required and aim of this project is to find out how to improve the indoor climate 

of Ludvigsbergsskolan(http://www.skola.gavle.se/ludvigsberg/) which is 

located in Valbo, a city on the Sweden east coast and at the same time. 

Achieving this goal is not by increasing district heating demand but by some 

energy audit methods. Front part of the building has 2 floors, and the left part 

has one floor. The whole building is composed by classrooms, offices, 

gymnasium and dining-room. 

First, data related to energy is collected, such as installed power of facility, 

power utilization factor and the running hours of these facilities. Then, 

calculation can be taken to decide if the building is working properly and 

healthy. At last, present and discuss the situation, suggestions to improve 

energy condition are offered. 

Total demand of District Heating in year 2006 is 1088 MWh, and electricity is 

304 MWh. Problems for this school need to solve is too cold in winter and to 

hot in summer. 

In this article some suggestions are made to save the energy consumption and 

work out the indoor climate problems. After all processes is done and 

evaluated 10 MWh electricity and more than 300 MWh district heating could be 

saved. 
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1. Introduction 
In this chapter it mainly describes what is the energy problem that 

human-being had to face. How does this problem come and what could be 

down to solve this problem. 

Focus on this specific example of “Ludvigsbergssskolan”, the situation is 

analyzed what is the problem and why it is a problem. Then introduce some 

common energy audit methods to solve the problem. At last, the aim is set, 

means what should be archived after energy audit. 

1.1 Energy Problem 

Life is impossible without energy. To consume power, one should produce it. 

Traditional resources for that are unfortunately exhaustible. Various measures 

of worlds’ energy organization indicate that the world might be heading for an 

energy crisis. An energy crisis is any great bottleneck (or price rise) in the 

supply of energy resources to an economy. It usually refers to the shortage of 

oil and additionally to electricity or other natural resources. (figure 1 indicate  

that energy demand more or less would keep increasing in next decades) 

The crisis often has effects on the rest of the economy, with many recessions 

being caused by an energy crisis in some form. In particular, the production 

costs of electricity rise, which raises manufacturing costs. 

(http://fire.pppl.gov/fpa05_sheffield.pdf) 

 

Figure 1.1  Projected World Energy Demand in Gtoe 
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Many of the warning signs that existed before the energy crises of 1973 and 

1979 exist today and they indicate that the current situation could be even 

worse.  

So, to live long and well, mankind should have stable and multiform power 

engineering based on utilization of diverse resources, and should update 

technologies permanently and save, save and save. 

On the other hand, the issue of global warming has begun to receive the 

international attention it desperately needs. 

When talk of global warming is introduced into the public discourse, as in 

Gore’s "An Inconvenient Truth," it is generally characterized as an 

environmental problem. But global warming is not an "environmental" problem 

in the same sense as these others – it is an energy problem, first and foremost. 

Almost 90% of the world’s energy is supplied through the combustion of fossil 

fuels, and every time these fuels are burned to make energy and carbon 

dioxide is released into the atmosphere; carbon dioxide, in turn, is the principal 

component of the "greenhouse gases" (GHGs) that are responsible for 

warming the planet. Energy use and climate change are two sides of the same 

coin. (http://www.zmag.org/content/showarticle.cfm?ItemID=12164) 

Reducing consumption of fossil fuels must be done, and people must find 

ways to capture and bury the carbon by-products of the fossil fuels that is 

consumed. 

Rapid and global improvements in the energy efficiency of buildings, factories 

and cars are needed to overcome the world’s over 

1.2 Aim of this audit 

In last a few winters, students and teachers in this Ludvigsbergsskolan always 

complain that the indoor temperature is too low and felt cold inside the building. 

But checking the district heating consumption, it has already been very high. 
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The government think it district heating supply is enough of the school and do 

not want spend more money for more district heating. 

So an energy audit is needed, the aim is too find out if there are some methods 

to use energy of effective so the indoor climate situation could be improved 

during winters and no more money is need to pay on district heating, or even 

decrease the district heating demand. 

In converse, it is complained that is too hot in some classrooms during summer, 

students feel very uncomfortable there. The main reason of this problem is the 

solar radiation. For this, something could be done to reduce the solar radiation 

through the windows of these classrooms and make the room temperature 

lower during summers. 

1.3 Energy Audit 

1.3.1 Benefits from energy audit 

Aim of energy audit is to identifying major energy consuming areas, obvious 

areas where energy is wasted and used inefficiency, and priority areas for 

further investigation. An audit will show the problems that may, when corrected, 

save a significant amounts of money over time. 

Through energy audit, a significant amount of money can be saved over time, 

for reduced the use of energy. Meanwhile fossil fuel is less used, which means 

the amount of green house gas emitted is decreased. This will be a big 

contribution to the sustainable energy development.  

1.3.2 Types of energy audit 

The only way to insure that a proposed audit will meet the specific needs is to 

sort out those requirements in a detailed scope of work. Three kinds of audit 

are described. 
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·Preliminary Audit 

The preliminary audit also called a simple audit, screening audit or 

walk-through audit. This is a simple and quick type of audit. In this kind of audit, 

auditor needs to do a minimal interview to site operating personnel, collect a 

review of facility utility bills and other operating data. A walk-through of the 

facility helps to get familiar with the building operation and identify major areas 

of energy waste and inefficiency. 

Measures are briefly described, and quick estimates of implementation cost, 

potential of operating cost savings, and simple payback periods are predicted. 

This level of specific data is not enough for reaching a final decision on 

implementing a proposed measure, is adequate to prioritize energy efficiency 

projects and determine the need for a more detailed audit.  

·General Audit 

The general audit alternatively called a mini-audit. This type of audit is based 

on the preliminary audit described above. To achieve this audit, auditor needs 

to collecting more detailed information about facility operation and performing 

a more detailed evaluation of energy conservation measures identified. Utility 

bills are collected for a 12 to 36 month period, this allows the auditor to 

evaluate the facility's energy/demand rate structures, and energy usage 

profiles. Further interviews with facility operating personnel are conducted to 

provide a better understanding of major energy consuming systems as well as 

insight into variations in daily and annual energy consumption and demand.  

Energy conservation details given by facility operating personnel enable this 

type of audit to identify all appropriate energy conservation measures. A detail 

financial analysis will be done which is related with each measure based on 

detailed implementation cost estimates, site-specific operating cost savings, 
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and the customer's investment criteria. Now, detail provided is enough to 

evaluate project implementation.  

·Investment-Grade Audit 

In this most corporate and complicated case, facility's energy frame must 

compete with non-energy related investments for capital funding. Both energy 

and non-energy investments are decided on a single set of financial standard 

that generally force the expected return on investment (ROI).  

The investment-grade audit alternatively called a comprehensive audit, 

detailed audit, maxi audit, or technical analysis audit, expands on the general 

audit. In this type of audit, it provides a dynamic model of energy use of the 

facility and all energy measures identified. The building model compares the 

energy supply and energy demand which computing to save for proposed 

measures. Attention is paid to not only the operating characteristics of energy 

related systems, but also cases that make load parameter variations on both 

an annual and daily basis. (http://www.gard.com/auditType.htm) 

1.3.3 Energy Audit Methodology 

A clear flow is very important for energy audit, it insures everything will be 

done and done in a right way.  

Step 1 - Interview with Key Facility Personnel 

At the beginning of audit project, auditor needs to have a meeting with key 

operating personnel. The meeting focuses on: audit objectives and scope of 

work, facility rules and description of things have to be done in the project.  

Step 2 - Facility Tour 

After the meeting mentioned above, a tour of the facility should be arranged to 

look at the various operations. During this tour, focusing on identify the major 
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energy consuming areas, including the architectural, lighting and power, 

heating, and process energy systems.  

Step 3 - Document Review 

Subsequent the initial meeting, facility documentation are reviewed. This 

documentation should include architectural, facility operation and indoor 

climate design, and energy bills for the previous three years. It is very 

important that auditor should pick some areas to measure and compare “real 

parameter” and “design parameter”. Otherwise, there may be some 

differences between the systems evaluated and those actually installed.  

Step 4 - Facility Inspection 

After a review of the documentation, the major energy consuming areas are 

further investigated. Appropriate, field measurements should be taken to 

substantiate audit parameters.  

Step 5 - Staff Interviews 

The auditor meets again with the facility staff to review what have been found 

and some suggestions are made. Show the customer the audit project has 

high value to them.  

Step 6 - Utility Analysis 

Utility analysis is a detailed review of energy bills from the previous 1 to 3 

years. This should include all purchased energy, including electricity, natural 

gas, fuel oil, liquefied petroleum gas (LPG) and district heating, as well as any 

energy generated on site. Billing data reviewed includes energy supply, energy 

demand and utilization factor. Power Utilization factor is defined as the 

average power demand when the equipment is run divided by the installed 

power demand for the equipment in question. 
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With the deregulate energy use; energy can be purchased on contract from. 

Using energy supply/demand characteristics revealed by a detailed analysis of 

recent utility bills, the optimum energy supply option is identified. 

Step 7 - Identify/Evaluate Feasible Energy Conservation Measures (ECM) 

A table of major ECMs is worked out for each of major energy consuming area 

(i.e., envelope, HVAC, lighting and power). Based on a final review of all 

information and data about the facility, and based on the reactions from the 

facility personnel, a finalized table of ECMs is developed. 

Step 8 - Economic Analysis 

After data is collected, processes are observed and analyzed, models can be 

built. Doing this a baseline of measure the energy savings potential is 

identified. We then calculate the implementation cost, energy savings and 

simple payback for each of the ECMs.  

Step 9 - Review Recommendations with Facility Management 

Formal presentations of the energy results are presented to energy 

management to offer them with sufficient data on benefits and costs to make a 

decision on which ECMs to be implemented. 

(http://www.gard.com/auditMethod.htm) 

1.4 Location 

The building is located in the city of Valbo. Valbo is an urban area in Gävleborg 

County, Sweden with about 7,000 inhabitants. It has been incorporated into 

Gävle Municipality.  

The building belongs to Ludvigsbergsskolan which has the first three years of 

compulsory school for students and also an intermediate level. The school has 

around 400 young students and 50 adults. 
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Figure 1.2 Location of Valbo (www.google.com) 

1.5 Composition 

There are five main areas in the building of Ludvigsbergsskolan, there are 

two floors in the left part of building 2671, so it is divided into two parts, first 

floor is named part 1 and second floor is named part 2. Sketch is shown in 

figure 3. These areas including classrooms, gymnasium, carpentry room, 

bathrooms, dining room, offices and lobbies with kitchen. 
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                   Figure 1.3  Ludvigsbergsskolan 

Figure 4 shows a summary of the entities location in the building: 

Table 1.1  Parts of Ludvigsbergsskolan 

Entities Part
Classrooms 2 

3 
4 

Gymnasium 3 
Wood-working room 2 
Bathrooms 3 
Dining room 2 
Offices 1 

2 
4 
5 

Lobbies with kitchen 1 
4 
5 

Medical care room 1 

 

The explication of some parts of Ludvigsbergsskolan: 
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1.5.1   Dining room: 

From 11:30 – 12:30 students and teachers have their lunches here. It is closed 

if there is no activity. 

1.5.2   Gymnasium: 

Students have their PE here. This is a big hall that separated into two parts by 

a moveble door. It is closed if there is no activity there. 

1.5.3   Dressing room: 

There is a toilet in each bathroom, and also a room for students to dress and a 

room for shower. 

1.5.4   Carpentry room: 

This is a room for students to practice their wood work. This room isn’t always 

in use even during the school. 

1.5.5   Medical care room: 

It is a small room with no windows. People can have rest here.  

1.5.6   Offices: 

In the building 2671 part 1, offices are be used by administration. The offices 

that used by teachers are posited with classrooms. 
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2. Theories 
To achieve a comfortable indoor climate, some devices are need to higher 

indoor temperature during the winter, some common heating devices are 

introduced below. 

Auditing energy balance of a building, formulations of calculating heat in and 

heat loss are needed. In this chapter, it explains what parameters are needed 

to measure and then how to calculate out the result by these parameters. 

(http://www.taftan.com/thermodynamics/) 

2.1   Indoor Climate 

Winters in Sweden are extremely cold, at Valbo where this school is located, 

the temperature could be as low as -20 ºC around January. So the thermal 

comfort is particularly important. 

Indoor climate could be decided on several factors: 

· Heating systems 

· Ventilation in the building 

· Structure of the building 

· Activities inside 

· Outdoor climate 

(“Handbook of Energy Audits” (Fifth Edition) Albert Thumann, P.E.,C.E.M.    

THE FAIRMONT PRESS, INC. ISBN: 978-1420067910) 

2.1.1 Ventilation  

Achieving idea indoor climate, HAVC (Heating Ventilation and Air Conditioning) 

system is always utilized. This system is significantly important for a building, 

for humidity and temperature must all maintaining safe and healthy conditions 

within.  (http://www.portableachelp.com/HVAC_Heating_Cooling_AC.asp) 
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There are different types of HVAC systems to cope with the variations of heat 

surplus and heat deficit during the day. Heat deficit is when the temperature is 

below the desired temperature and heating is necessary. Heat surplus is when 

the temperature is above the desired temperature and cooling is necessary. In 

this project of Ludvigsbergsskolan, only heat deficit is considered. 

To supply sufficient heat to the building, various energy sources can be utilized, 

such as fossil fuel, wood, electricity and District Heating. In most cases in 

Sweden, including this case, District Heating is chosen. It is because District 

Heating is an accompany production of electricity generation, and electricity 

power plant in Sweden is quite advance, this makes it quite convenient and 

cheap to utilize District Heating. (www.iea-dhc.org) 

2.1.2 Radiator 

Radiators are used to compensate transmission heat loss of the building. 

(http://www.beautifulradiators.com/) So radiators are always installed under 

windows. Radiators heating surroundings by 3 different ways:  

   · Convection - convection is the flow of heat through a room, macroscopic 

movement of matter from a hot area to a cool area. Considering heat up a local 

region of air. The air heats, then molecules spread out, causing this region to 

become less dense than the surrounding, unheated air. The hot air will 

subsequently rise due to buoyant forces - this movement of hot air into a cooler 

region is then said to transfer heat by convection.  

   · Radiation - The third and last form of heat transfer – radiation should be 

included, which in this context means light (visible or not). Energy of heat can 

go into making light, such as that coming from a hot campfire. This light, being 

a wave, carries energy, and so can move from one place to another without 

requiring an intervening medium.  

2.1.3 Heat Recovery  
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Mechanical ventilation systems are used to bring fresh air into and remove 

dirty air from the building. A heat recovery ventilator (HRV) brings in fresh air 

from the outside, preheats the incoming air during the winter. It can provide 

clean fresh air every day while helping to keep energy costs low. 

As shown in figure 4, a heat recovery ventilator (HRV) consists of two separate 

air-handling systems – one collects and exhausts stale indoor air; the other 

draws in outdoor air and distributes it throughout the home. 

At the core of an HRV is the heat transfer module. Both the exhaust and 

outdoor air streams pass through the module and the heat from the exhaust 

air is used to pre-heat the outdoor air stream. Only the heat is transferred; the 

two air streams remain physically separate. This dramatically reduces the 

energy needed to heat outdoor air to a comfortable temperature. 

                  

Figure 2.1 sketch of ventilation 

Heat recovery ventilation system recovers 60 -70% of the heat normally lost 

through trickle vents and other breakout points in the building structure. 

Systems can be recover 75%(cross flow), 80%(rotary wheel) or 90%(counter 

flow). (http://www.villavent.co.uk/heat-recovery-ventilators.htm) 

Energy recovery ventilation systems operated in cold climates must have 

devices to help prevent freezing and frost formation. Very cold supply air can 

cause frost formation in the heat exchanger, which can damage it. Frost 
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buildup also reduces ventilation effectiveness. 

(http://www.eere.energy.gov/consumer/your_home/insulation_airsealing/inde. 

cfm/mytopic=11900) Because when warm air from inside the house escapes 

traveling through the ventilation machine, the moisture condenses in the 

machine, and the frost can form. The frost may freeze the fan, and more 

energy would be consumed to keep the fan rotate in a constant speed because 

the resistance is lager than without frost. Even worse, if the fan is completely 

frenzed, the machine could be burned down. 

Energy recovery ventilation systems require more maintenance than other 

ventilation systems. They need to be cleaned regularly to prevent deterioration 

of ventilation rates and heat recovery, and to prevent mold and bacteria on 

heat exchanger surfaces.  

2.2 Energy balance 

Energy balance is used to quantify the energy used or produced by a system. 

Energy balance is measured with the following equation: Energyout = Energyin, 

for further description it is: Qtransmission + Qventilation + Qinfiltration = Qinternal heat generation 

+ Qsupply heat 

 

Figure 2.2 sketch map of energy balance 

This thinking can be used to build a model and analyze the energy system in a 
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real building to achieve an idea indoor climate. 

(http://smu.edu/geothermal/heatloss/heatloss.htm) 

2.2.1 Energy Out 

Energy out indicates the energy transfer from inside of the building to outside. 

Heat can escape the building by 3 ways: heat transmission loses, ventilation 

loses and infiltration loses (also called nature ventilation heat loss). 

(http://www.warmair.com/html/heatloss.htm) 

■ Transmission loss -- when the temperature difference exists between inside 

and outside of the building, heat will transfer from the warmer side to the 

colder side. The temperature difference is larger the amount of heat 

transferred is larger, it can be described and calculated by the equation: 

                   Ptr =ΣUi*Ai*(Tin–Tout) 

- Ui is the rate of loss of heat in watts per square meter of that 

element per degree centigrade temperature difference 

- Ai is the area of the envelop 

       Qtr =ΣUi*Ai*∫(Tin–Tout)dt 

          =ΣUi*Ai* qdegree 

■ Ventilation loss – ventilation system is utilized to exchage the air inside and 

outside to offer a good indoor air quality. During the ventilation process, not 

only polluted air is taken away but also the heat contained in that air. 

                   Pven = Vven*ρ*Cp*(Tin–Tout) 

        Qven = Vven*ρ*Cp*qdegree 

-  Vven is air flow rate due to ventilation 

- ρ is density of air 
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- Cp is specific heat of air 

 

■ Infiltration loss -- This is the heat loss associated with the leakage of cold air 

into the building. 

Pinfil = Vinfil*ρ*Cp*(Tin–Tout) 

Qinfil = Vinfil*ρ*Cp*qdegree 

-  Vinfil is air flow rate due to infiltration 

- ρ is density of air 

- Cp is specific heat of air 

(“ACHIEVING THE DESIRED INDOOR CLIMATE”Energy Eficiency Aspects of 
System Design THE COMMTECH GROUP. Editorial: Studentlitteratur 
ISBN: 91 – 44 – 03235 – 8) 

2.2.2 Energy In 

There are different kinds of energy that transfer to the building, some of them 

are need to pay and some of them are free to use. 

■ District Heating – District heating is mainly consumed by heaters (see figure 

6) in the ventilation system and radiators in the rooms. And hot tap water 

consume district heating also.  

(http://www.districtenergy.org/, http://www.iea-dhc.org/ ) 
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Figure 2.3 district heating demand in ventilation system 

■ Free Heat –Free heat means the equipments used for other purposes, but at 

the same time heat come out from the equipments also as an accompany 

production. According to the definition, the contribution of computers, lights, 

refrigerators, and other equipments should be considered. Especially for the 

computers and lights in the building, they contribute much heat to 

surrounding since the long time working. 

■ Solar Radiation –Solar radiation is radiant energy emitted by the sun from a 

nuclear fusion reaction that creates electromagnetic energy. About half of the 

radiation is in the visible short-wave part of the electromagnetic spectrum. 

The other half is mostly in the near-infrared part, with some in the ultraviolet 

part of the spectrum. Solar radiation is obvious as daylight when the sun is 

above the horizon. This is during daytime, and also in summer near the poles 

at night, but not at all in winter near the poles. When the direct radiation is not 

blocked by clouds, it is experienced as sunshine, a combination of bright 

yellow light and heat. The heat on the body, on objects, etc., that is directly 

produced by the radiation should be distinguished from the increase in air 

temperature. (http://www.discoversolarenergy.com/solar/radiation.htm) 
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Figure 2.4 solar radiation 

The solar radiation transmitted into room can be divided into 3 parts, direct 

radiation, sky radiation and ground-reflect radiation. However, the radiation 

into room is less than the radiation that diffuse to the outside of a window 

because of losses into the sky and absorbed by the glass. 

(http://rredc.nrel.gov/solar/pubs/bluebook/interp.html) 

■ Heat from people -- The human in the building should be the part of free heat. 

For a normal person, body temperature is about 36 ºC to 37 ºC , because of 

the temperature difference, human emit heat to the room also. 

 

Figure 2.5 heat from person bodies 
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3  Processes and Results 

For year 2006, total energy consumed of the school is 1392.5 MWh, including 

304.5 MWh(22%) electricity and 1088 MWh(78%) District Heating. 

 

Figure 3.1 Energy Use of 2006 

With the actual consumption, next is calculate the energy balance from a 

theory point of view and then compare these numbers, after comparison 

problems may could be discovered. 

Before the calculation start, some statements need to be made.  

· By querying administrator of the school, it is found that heating requirement 

is only in January, February, March, April, half May, half September, 

October, November and December. So calculations related to heating, like, 

heat loss, qdegree and so on, only this period is considered. 

· Assume density of air is constant between temperature -30 ºC to 30 ºC, that 

is 1.25kg/m3. 

· All climate parameters are used is based on the fact of year 2006. And in 

May and September the district heating is only demanded in half the month. 

In May it is demand from 1st to 15th, because the weather become hot, in 
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September it is demanded from 15th to 30th, because weather get cold. So 

in these two month, average temperature of the month is not exact when 

district heating demand is calculated. Here the temperature of first half May 

is assumed as 6.5 ºC and 10.5 ºC for second half September. 

3.1 Heat Loss 

As discussed before, three parts mainly compose heat losses, which are 

ventilation heat loss, transmission heat loss and infiltration heat loss. Now 

these three items will be analyzed and calculated. 

3.1.1 Ventilation Heat Loss 

The ventilation system of the school is composed by15 ventilation machines, 

LA1, LA2, LA3, TA2, TA3, TA4, TA5, TA6, TA7, TA8, TA9, TA10, TA11, TA12, 

TA13. 

Calculating ventilation heat loss, the equation mentioned before is used: 

Qven = Vven*ρ*Cp*qdegree 

to get the result, ρ and Cp are easy to define, but V and qdegree is needed to 

investigate and calculate. 

The government offered some document about the ventilation system of this 

school. From these documents, it can be found for each ventilation machine 

how much was the designed ventilation rate, and how much is the actual 

ventilation rate, of course the actual one is adopted. But in these documents, 

the unit is not uniformed, for some machines unit liter/second is utilized and 

others use the unit m3/hour. To unify the unit liter /second is chosen, so for the 

machines which use unit m3/hour, the value should be divided by 3.6. 

Because it is a school for very young students, most of them are under 10 

years old and some of them are even only 2, 3 years old. It is easy for these 
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young children to feel cold, so the indoor temperature is assumed as 21 ºC. 

                           Table 3.1 ventilation audit. 

  

Table 3.2 schedule of ventilation system 
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From the controlling schedule, it can be seen that different ventilation 

machines have different time of use, this decide that qdegree for each machine is 

different. So qdegree for each machine should be calculated separately. 

Because there is a heat exchanger in LA1 and LA2, and efficiency should be 

taken into consideration. The result of LA1 and LA2 should be times 0.3 

because 70% of the heat loss is recovered. 

Table 3.3 ventilation heat loss 

VENTILATION UNIT INLET(l/s) q degree (ºCh) Qv (MWh) 
LA1 2713 35200 36 
LA2 2493 32267 31 
TA2 1287 27867 45 
TA3 2456 29333 91 
TA6 348 29333 13 
TA8 887 29333 33 
TA9 1417 29333 52 
TA12 1334 41770 70 
TA13 1334 41770 70 
TOTAL   441 

3.1.2 Transmission Heat Loss 

Method of calculating transmission heat loss is mentioned before as: 

                       Ptr =ΣUi*Ai*(Tin–Tout) 

The calculation of power of transmission heat loss, to have the amount of this 

kind of heat loss during the heating period, and times persist time, the unit is 

hour. Instead, qdegree can be used which means the temperature difference 

times persist time. And then the formulation comes to: 

                        Qtr =ΣUi*Ai*qdegree 

U values are different because the different material of the building, with a 

Swedish energy audit hand book, when investigate the building time of the 

school, kind of isolation, type of window and so on then the U values are 

decided.  
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Next step is to measure the surface area of windows, external walls, ceilings, 

floors and doors. With a laser measuring, it makes easy and convenient to 

achieve this job. 

 

             Figure3.2  qdegree for transmission heat loss 

Attentions need to be paid when calculate the heat transmission through the 

floor. Floor of the building is divided into two parts, inside floor and outside floor. 

For outside and inside, there are different temperature differences for these 

two parts, this is because in winter, temperature of ground is higher than the 

outdoor air.  

 

Figure 3.3 different temperature differences 

From the graph above, it can be seen how it is divided to inside part and 

outside part, for the area that less than one meter to outdoor is defined as 
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outside floor, and rest is defined as inside floor. And for example, outdoor 

temperature is -20 ºC and ground temperature is 5 ºC, then the temperature 

difference for outside floor is 40 ºC, because considering heat is lost from 

indoor to outdoor cold air; at the same time, temperature for inside floor is 15 

ºC, this is because the heat is lost through the floor to ground. Here the ground 

temperature is assumed as 5 ºC in January, February, March, November and 

December, 10 ºC in April and October, 15 º C in May and September. 

Table 3.4 transmission heat loss 

Transmission Heat In 
 U – Value Area (m2) q degree 2006 (ºCh) Losses (MWh) 
Wall 1.05 2491 112099 293
Floor (outside) 0.6 402 112099 27
Floor (inside) 0.6 3661 80568 177
Roof 0.17 3461 112099 65
Windows 2.9 506 112099 164
Doors 2.7 63 112099 19

TOTAL       745

3.1.3 Infiltration Heat Loss 

A major part of infiltration heat loss is nature ventilation heat loss, here in this 

project, infiltration heat loss is mainly caused by like doors and windows when 

they are open. Although it could be a kind of ventilation heat loss, but the 

amount is impossible to calculate, because parameters in the formulation are 

random, for example, it is impossible to know each time when the door is 

opened what the temperature is or what the wind speed is. So it can only be 

estimate but not calculate, here it is estimated about 278 MWh in year 2006. 

(see chapter 4) 

3.1.4 Hot Tap Water 

Hot tap water can be seen as a kind of heat loss, because when hot tap water 

is used, district heating is demanded to heat the water from 10 ºC to 50 ºC. 
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There is nothing show how much hot water is consumed in 2006, but the total 

amount of water used is offered, and assuming 1/3 of the water is used as hot 

tap water. The result of the hot tap water heat loss is: 

Qhot water = Vwater*ρ*Cp*ΔT = 29 MWh 

3.2 Heat In 

Heat in includes that how much of heat the building should receive to balance 

the total heat loss. In calculation below, some assumptions are made, with 

these theory assumptions it can be discovered the actual problems more 

accurate. 

3.2.1 Ventilation and Heating 

In winter, outdoor temperature is much lower than indoor temperature, so 

before fresh air gets through inside from the ventilation pipe, the air must be 

heated. Here is an assumption, which is the air enters the heater with the 

temperature outside and leaves the heater at 18 ºC. But the gym hall is an 

exception, because students who stay there always play sports, that means 

students have heavy activities in the gym hall, so the balance temperature 

there is set to 16 ºC. 

Calculation for this part is almost the same with ventilation heat loss, only the 

qdegree is different. 

Heat recovery system of machine LA1 and LA2 are considered. 

( http://www.xetexinc.com/) 

Table 3.5  ventilation heating demand 

VENTILATION UNIT INLET(l/s) q degree (ºCh) Qv (MWh) 
LA1 2713 29728 18 
LA2 2493 27251 15 
TA2 1287 23535 38 
TA3 2456 24773 77 
TA6 348 24773 11 
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TA8 887 24773 28 
TA9 1417 24773 44 
TA12 1334 41770 70 
TA13 1334 41770 70 
TOTAL   371 

3.2.2 Radiators 

As described before, radiators are used to compensate transmission heat loss. 

But there is a specific design for the radiators, that is when outdoor 

temperature is 11 ºC or higher, radiators would stop working. The rest heat 

deficit is compensated by ventilation and free heat. For this reason qdegree of 

radiator process is 101862 ºCh. And total district heating demand on radiator 

is: 

Table 3.6  district heating demand on radiators  

Transmission Heat In 
 U – Value Area (m2) q degree 2006 (ºCh) Losses (MWh) 
Wall 1.05 2491 112099 293
Floor (outside) 0.6 402 112099 27
Floor (inside) 0.6 3661 80568 177
Roof 0.17 3461 112099 65
Windows 2.9 506 112099 164
Doors 2.7 63 112099 19

TOTAL       745

                   Qradiator =ΣUi*Ai*qdegree = 745 MWh 

3.2.3 Solar radiation 

Since there are large windows’ area on the wall, so that the heat come from 

the solar radiation cannot be ignored. To calculate the amount of solar 

radiation, directions of the building is needed to be sured. 
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                       Figure 3.4 direction of Ludvigsbergsskolan 

From the figure above, the angle of the windows are 45o, –45o, 135o and 

–135o.  

In the calculation of solar radiation, it is considered the heat contributes to the 

indoor climate, so only radiation during the heating period is taken in count. 

But not all solar radiation can be absorbed, because some of the radiation will 

be reflected by the windows, different types of windows has different coefficient, 

shown below, 

WINDOWS TYPE U-VALUE CALCULATION FACTOR 

   

1-glass, normally 5.4 0.90 

2-glass, normally 2.9 – 3.0 0.80 

3-glass, normally 1.9 – 2.0 0.72 

Special glass 1.0 – 1.5 0.69 

2-glass, energy glass 1.0 – 1.5 0.70 

Example:  
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If you have 3-glass, normally and you calculate Q (Wh) from the table so is the 

right value 

Q x 0.72. 

And in Ludvigsbergsskolan, all the windows in the building are 2-glasses 

normally, so coefficient 0.8 is applied. 

Based the parameter above, the result is: 

Table 3.7  solar radiation 

Direction  Area m2 Month MWh 
45o & –45o 201 Jan   11 
  Feb  20 
  Mar 31 
  Apr 36 
  Half May 16 
  Half Sep 16 
  Oct 26 
  Nov 15 
  Dec 8 
135o & –135o 449      Jan  2 
       Feb 6 
       Mar 18 
       Apr 35 
     Half May 21 
     Half Sep 7 
       Oct  10 
       Nov  3 
       Dec  1 
TOTAL   282 

The solar radiation density used in calculation is based on latitude of 60º North, 
but the actual latitude of this school is around 60º40’, so the result should be 
smaller, a efficiency number 0.9 is taken, then the radiation comes to. 

                           282 MWh * 0.9 = 253MWh 

Further more, shadow effect should be included also, because the shape of 
the building, amount of radiation is affected by shadow very much, another 
efficiency number 0.7 should be used, and the final result of solar radiation is, 
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                           253 MWh * 0.7 =177 MWh 

3.2.4 Free Heat 

In the building, all electrical equipments should be checked to find out if it 

contributes free heat.  

However, in the calculation the street lamp is not included for sure, because 

the heats generated by those lamps do not contribute to indoor climate. 

For Ludvigsbergsskolan, there are around 400 children and 50 adults in this 

school. In the calculation, it is assumed that power of an adult is 100 W, for 

children each one counts 50 W. Based on the working-table, human stay in the 

building about 7 -- 8 hours per working day, and work or study about 180 days 

one year. The total heat from people bodies is approximately 33 MWh. 

The result of total free heat is: 

Table 3.8  other free heating  

Entities MWh 
Heat from equipments 138 
Heat from human 33 
Total  171 
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4. Results  

By the data calculated above, an energy balance chart can be drawn. Total 

heat in for theory calculation should be 1493 MWh. And total heat loss should 

be balanced with heat demand, then infiltration heat loss could be estimated.  

Infiltration heat loss = 1493 – 745 – 441 – 29 = 278 MWh 

So the heat out and heat in are perfect balanced, that means the assumption is 

quite right, and further discussion can be made. 

 

Figure 4.1 energy balance chart  

4.1 District Heating 

District heating is used widely in Sweden because its low price. For this school 

district heating is consumed by ventilation heating system, radiator and hot tap 

water. 
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At the beginning of this project the administrator of the Ludvigsbergsskolan is 

interviewed, it is said that in winter time students always complained that is 

cold in classrooms. From the data calculated above, the reason would be 

seen. 

When calculate the total heat loss of the school year 2006, it is 1493 MWh, and 

with the assumptions the building has a good energy balance, but in 

theoretically calculations, there are 1145 MWh of district heating demanded, 

but the actual use of that year was 1088 MWh. It is not difficult to see there is 

heat deficit about 57 MWh. This is why it was cold in the classrooms in winter. 

4.2 Electricity 

Total electricity use of that school in 2006 is about 304 MWh, these electricity 

is used by lamps, fridges, food services and so on, 

 

Figure 4.2 electricity use in 2006 

From the chart above it can be seen street lamps and indoor lamps have the 

biggest share of electricity use. This is because there are a lot of lights at the 
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school and they work almost everyday and for several hours.  

Food service is the second biggest electricity demand process, machines in 

the kitchen have really high power. Such as a small boiler which is used to boil 

pasta, power of it can be as high as 20 kw. 

Ventilation system also consumed a lot of electricity, the large fans in the 

ventilation machine need to be turned on if there is activities inside the 

building. 

The refrigerators in the school work 24 hours a day and 365 days a year, it is 

never turned off. 

Drying machine is used to dry clothes for student when it rains or snows. 

Computers used by both students and teachers. These two processes 

consume electricity also, but not as much as lamps. 

Others, which take 8% of total use, could include: elevator that is used to 

transfer food only; electricity transmission loss and etc. 
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5 Discussions 

The energy balance problem has been worked out, now it is time to discuss if 

there is any method to solve the problem. 

In this chapter, some methods are offered to solve the energy problem through 

the result which is calculated before. After using these discussed methods, the 

problems could be solved in some extent. 

5.1 Infiltration heat loss decreasing 

Look around the school, there are many doors which are used to insolate 

inside and outside, are single layer doors. With this kind of doors, the nature 

ventilation heat loss could be large, because when the door is open cold air get 

through from outside to inside easily. To improve this situation, dual layer doors 

can be used to take place the single layer ones. 

  
                   Figure 5.1 two layers door 
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After change the doors, nature ventilation heat loss would decrease for sure, 

but just like nature ventilation heat loss itself, the amount of saving is 

impossible to calculate. Estimating at least about 1/5 of that kind of heat loss 

can be saved, then that is about 50 MWh a year. 

 

5.2 Heat Recovery 

15 different ventilation machines compose the ventilation system, but only 3 of 

them get a heat exchanger between exhaust air and fresh air. That is to say, 

for the rest 12 ventilation machines, heat contained in the exhaust is 

completely wasted. That could be huge waste, if heat exchangers are utilized, 

this situation will improve a lot. From graphs below, compare how the qdegree 

are different that with a heat exchanger and without a heat exchanger. 

 
          Figure 5.2 qdegree for ventilation heating without heat exchanger 
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                 Figure 5.3 qdegree for ventilation heating with heat exchanger 

Looking back to the ventilation heat loss calculation, the total ventilation heat 

loss of year 2006 is 441 MWh, and this number should minus heat loss of LA1, 

LA2 and LA3 because these three have heat exchanger already, the result is 

374 MWh of heat is wasted without any recovery process. If a rotary heater 

exchanger is installed, about 70% of heat contained in the exhaust air can be 

recovered.  

                   374 MWh * 70% = 262 MWh 

In this case it means about 262 MWh of heat can be recovered.  

 
                           Figure 5.4  rotary heat exchanger 

(http://www.swegon.com/swegon/templates/Page.aspx?id=14131) 

In ventilation and heating processes, the result of demaning of district heating 
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should be 3338 MWh (see part 3.2.1 and minus LA1, LA2), if 262 MWh can be 

fetched from recovery system,  

                   338 MWh – 262MWh = 76 MWh 

then only 109 MWh district heating is needed for ventilation heating process. 

And total district heating demand will decrease also from 1145 MWh (see part 

3.2.1 and 3.2.2) to 883 MWh. 

(http://www.eere.energy.gov/consumer/your_home/insulation_airsealing/index

.crm/mytopic=11900/) 

5.3 Solar radiation 

In carpentry room, it is too hot and uncomfortable in summer time. To look 

around the school, it is not difficult to find that why they have this problem.  

 
Figure 5.5 The direction of the carpentry room 

For the direction, radiation rate in June is 6100 Wh/m2day, use this parameter 

times the windows area of this room, it likes a heater with power of 62 KW/day 

heating the room continuously.  

According to the problem is about energy in, so t reducing radiation. Reducing 

solar radiation is concerned, several common devices are used, like insulating 

window shade and louvered solar screens. For louvered solar screens, there 

are two ways to install. The first one is inside blind. 
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Figure 5.6 Double-glazed clear glass with inside blind 

 

Another is outside blind. 

 
Figure 5.7 Double-glazed clear glass with outside blind 

It is directly to see that the double-glazed clear glass with outside blind is more 
efficiency to the first one, however, it is easier to mangle. 

The solar shade absorbs and reflects about 90% of heat and glare. The room 
temperature would be decreased 3 - 4 ºC after solar shade installed.  
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Figure 5.8 The insulating window shade 

The effects of the insulating window shade and double-glazed clear glass with 

outside blind are similar. Based on the situation of carpentry room, that it is the 

fist floor and near to the playground, therefore the insulating window shade 

should be the best choice. (http://en.wikipedia.org/wiki/Solar_shade) 

5.4 Electricity 

Electricity saving are done well in this school, they use new type energy saving 

lamps, control ventilation system frequently… but there still some room for 

further electricity saving. 

First, there are some electrical radiators in rooms, because it is cold in winter 

that is why they are there. If heat exchangers are installed in ventilation system, 

the heat deficit problem would be solved perfectly, so the electrical radiators 

are not needed any more. For this item it saves about 3 MWh a year. 

The other one is refrigerators, there are 14 refrigerators in the school, they are 

in kitchen and crush-rooms. These refrigerators are turned on all the year and 

never turned off. There is a summer vacation every year, it starts in middle of 

June and finish in late August, about 9 weeks. During this time, the 

refrigerators are not used and there is few things left in. So if the refrigerators 

could be turned off when the vacation begins and turned back on when it 

finishes, for this period it can save about 7 MWh electricity. 

(http://www.electricite-online.com/) 
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6. Conclusion 

After the energy efficiency methods are adopted, the energy consumption 

would be decreased, and this doesn’t mean sacrifice the indoor environment, 

in converse, the indoor climate would be improved at the same time. 

6.1 District Heating Saving 

In this case, total district heating saving could be as much as: 

saving on ventilation heating process = 262 MWh 

saving through decrease infiltration heat loss = 50 MWh 

total district heating can be saved = 312 MWh 

District heating demand before energy audit = 1145 MWh 

District heating consumed in 2006 = 1088 MWh 

District heating demand after energy audit = 833 MWh 

 

             Figure 6.1  DH consumption compare 



 50

6.2 Electricity Saving 

The electricity saving is mainly from saving on radiators and refrigerators, in 

total it is around 10 MWh. Assume the price of electricity in Sweden is 1 

SEK/kWh. Then from this item, the school could save about 10,000 SEK a year. 

This may not be that much, but consider if each building like 

Ludvigsbergsskolan can save 10,000 SEK per year, the government can save 

a huge amount. 

6.3 Global Climate  

Today more and more people realized that the world sustainable development 

is a serious problem. The climate has become worse and worse as the carbon 

dioxide emitted more and more. So for ourselves, the future of human-being, 

people should act to improve this situation. Using energy more efficient, and 

decrease energy consumption could be the first step. In China, it is said “the 

great wall is built by every small brick”, every person, every unit do a little 

contribution the world will become much better. This project is a quite good 

model show us how to do. 
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Appendix 
 
1. Temperature of 2006, Gävle 

 
 
 
2. Power of solar radiation  

 



 52

3. Ventilation heat loss 
LA1  
Jan (21-(-3.5)) ºC * 12h/day * 15day/month = 4410 
Feb (21-(-3.6)) ºC * 12 h/day * 20 day/month = 5904 
Mar (21-(-5.8)) ºC * 12 h/day * 23 day/month = 7396 
Apr (21-3.5) ºC * 12 h/day * 17 day/month = 3570 
Half May (21-6.5) ºC * 12 h/day * 10.5 day/month = 1827 
Half Sept (21-10.5) ºC * 12 h/day * 10.5 day/month = 1323 
Oct (21-7.7) ºC * 12 h/day * 22 day/month = 3511 
Nov (21-3) ºC * 12 h/day * 22 day/month = 4752 
Dec (21-3.6) ºC * 12 h/day * 12 day/month = 2505 

Σ = 35198 ºCh/year 

 
 
LA2 
Jan (21-(-3.5)) ºC * 11h/day * 15day/month = 4042 
Feb (21-(-3.6)) ºC * 11h/day * 20 day/month = 5412 
Mar (21-(-5.8)) ºC * 11 h/day * 23 day/month = 6780 
Apr (21-3.5) ºC * 11 h/day * 17 day/month = 3272 
Half May (21-6.5) ºC * 11 h/day * 10.5 day/month = 1674 
Half Sept (21-10.5) ºC * 11 h/day * 10.5 day/month =1212 
Oct (21-7.7) ºC * 11 h/day * 22 day/month = 3218 
Nov (21-3) ºC * 11 h/day * 22 day/month = 4356 
Dec (21-3.6) ºC * 11 h/day * 12 day/month = 2296 

Σ = 32267 ºCh/year 

 
 
TA2 
Jan (21-(-3.5)) ºC * 9.5h/day * 15day/month = 3491 
Feb (21-(-3.6)) ºC * 9.5h/day * 20 day/month = 4674 
Mar (21-(-5.8)) ºC * 9.5 h/day * 23 day/month = 5855 
Apr (21-3.5) ºC * 9.5 h/day * 17 day/month = 2826 
Half May (21-6.5) ºC * 9.5 h/day * 10.5 day/month = 1446 
Half Sept (21-10.5) ºC * 9.5 h/day * 10.5 day/month = 1047 
Oct (21-7.7) ºC * 9.5 h/day * 22 day/month = 2779 
Nov (21-3) ºC * 9.5 h/day * 22 day/month = 3764 
Dec (21-3.6) ºC * 9.5 h/day * 12 day/month = 1985 

Σ = 27867 ºCh/year 

 
 



 53

TA3 
Jan (21-(-3.5)) ºC * 10h/day * 15day/month = 3675 
Feb (21-(-3.6)) ºC * 10h/day * 20 day/month = 4920 
Mar (21-(-5.8)) ºC * 10 h/day * 23 day/month = 6164 
Apr (21-3.5) ºC * 10 h/day * 17 day/month = 2975 
Half May (21-6.5) ºC * 10 h/day * 10.5 day/month = 1523 
Half Sept (21-10.5) ºC * 10 h/day * 10.5 day/month = 1102 
Oct (21-7.7) ºC * 10 h/day * 22 day/month = 2926 
Nov (21-3) ºC * 10 h/day * 22 day/month = 3960 
Dec (21-3.6) ºC * 10 h/day * 12 day/month = 2088 

Σ = 29333 ºCh/year 

 
 
TA6 
Jan (21-(-3.5)) ºC * 10h/day * 15day/month = 3675 
Feb (21-(-3.6)) ºC * 10h/day * 20 day/month = 4920 
Mar (21-(-5.8)) ºC * 10 h/day * 23 day/month = 6164 
Apr (21-3.5) ºC * 10 h/day * 17 day/month = 2975 
Half May (21-6.5) ºC * 10 h/day * 10.5 day/month = 1523 
Half Sept (21-10.5) ºC * 10 h/day * 10.5 day/month = 1102 
Oct (21-7.7) ºC * 10 h/day * 22 day/month = 2926 
Nov (21-3) ºC * 10 h/day * 22 day/month = 3960 
Dec (21-3.6) ºC * 10 h/day * 12 day/month = 2088 

Σ = 29333 ºCh/year 

 
 
TA8 
Jan (21-(-3.5)) ºC * 10h/day * 15day/month = 3675 
Feb (21-(-3.6)) ºC * 10h/day * 20 day/month = 4920 
Mar (21-(-5.8)) ºC * 10 h/day * 23 day/month = 6164 
Apr (21-3.5) ºC * 10 h/day * 17 day/month = 2975 
Half May (21-6.5) ºC * 10 h/day * 10.5 day/month = 1523 
Half Sept (21-10.5) ºC * 10 h/day * 10.5 day/month = 1102 
Oct (21-7.7) ºC * 10 h/day * 22 day/month = 2926 
Nov (21-3) ºC * 10 h/day * 22 day/month = 3960 
Dec (21-3.6) ºC * 10 h/day * 12 day/month = 2088 

Σ = 29333 ºCh/year 
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TA9 
Jan (21-(-3.5)) ºC * 10h/day * 15day/month = 3675 
Feb (21-(-3.6)) ºC * 10h/day * 20 day/month = 4920 
Mar (21-(-5.8)) ºC * 10 h/day * 23 day/month = 6164 
Apr (21-3.5) ºC * 10 h/day * 17 day/month = 2975 
Half May (21-6.5) ºC * 10 h/day * 10.5 day/month = 1523 
Half Sept (21-10.5) ºC * 10 h/day * 10.5 day/month = 1102 
Oct (21-7.7) ºC * 10 h/day * 22 day/month = 2926 
Nov (21-3) ºC * 10 h/day * 22 day/month = 3960 
Dec (21-3.6) ºC * 10 h/day * 12 day/month = 2088 

Σ = 29333 ºCh/year 

 
 
 
TA12  
Jan (16-(-3.5)) ºC * (15h/day * 15day/month + 24h/weekends *2) = 

5323 
Feb (16-(-3.6)) ºC * (15 h/day * 20 day/month + 24h/weekends *4) = 

7761 
Mar (16-(-5.8)) ºC * (15 h/day * 23 day/month + 24h/weekends *4) = 

9613 
Apr (16-3.5) ºC * (15 h/day * 17 day/month + 24h/weekends *3) = 

4087 
Half May (16-6.5) ºC * (15 h/day * 10.5 day/month + 24h/weekends *2) = 

1952 
Half Sept (16-10.5)ºC * (15 h/day * 10.5 day/month + 24h/weekends *2) = 

1131 
Oct (16-7.7) ºC * (15 h/day * 22 day/month + 24h/weekends *4) = 

3536 
Nov (16-3) ºC * (15 h/day * 22 day/month + 24h/weekends *4) = 

5539 
Dec (16-3.6) ºC * (15 h/day * 12 day/month + 24h/weekends *2) = 

2828 

Σ = 41770 ºCh/year 

 
 
TA13  
Jan (16-(-3.5)) ºC * (15h/day * 15day/month + 24h/weekends *2) = 

5323 
Feb (16-(-3.6)) ºC * (15 h/day * 20 day/month + 24h/weekends *4) = 

7761 
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Mar (16-(-5.8)) ºC * (15 h/day * 23 day/month + 24h/weekends *4) = 
9613 

Apr (16-3.5) ºC * (15 h/day * 17 day/month + 24h/weekends *3) = 
4087 

Half May (16-6.5) ºC * (15 h/day * 10.5 day/month + 24h/weekends *2) = 
1952 

Half Sept (16-10.5)ºC * (15 h/day * 10.5 day/month + 24h/weekends *2) = 
1131 

Oct (16-7.7) ºC * (15 h/day * 22 day/month + 24h/weekends *4) = 
3536 

Nov (16-3) ºC * (15 h/day * 22 day/month + 24h/weekends *4) = 
5539 

Dec (16-3.6) ºC * (15 h/day * 12 day/month + 24h/weekends *2) = 
2828 

Σ = 41770 ºCh/year 

 
 
 
 
 
 
 
 
 
 
 
 
4. DH demand on ventilation  

LA1  
Jan (18-(-3.5)) ºC * 12h/day * 15day/month = 3870 
Feb (18-(-3.6)) ºC * 12 h/day * 20 day/month = 5184 
Mar (18-(-5.8)) ºC * 12 h/day * 23 day/month = 6568 
Apr (18-3.5) ºC * 12 h/day * 17 day/month = 2958 
Half May (18-6.5) ºC * 12 h/day * 10.5 day/month = 1449 
Half Sept (18-10.5) ºC * 12 h/day * 10.5 day/month = 945 
Oct (18-7.7) ºC * 12 h/day * 22 day/month = 2719 
Nov (18-3) ºC * 12 h/day * 22 day/month = 3961 
Dec (18-3.6) ºC * 12 h/day * 12 day/month = 2074 

Σ = 29728 ºCh/year 
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LA2 
Jan (18-(-3.5)) ºC * 11h/day * 15day/month = 3547 
Feb (18-(-3.6)) ºC * 11h/day * 20 day/month = 4752 
Mar (18-(-5.8)) ºC * 11 h/day * 23 day/month = 6021 
Apr (18-3.5) ºC * 11 h/day * 17 day/month = 2711 
Half May (18-6.5) ºC * 11 h/day * 10.5 day/month = 1328 
Half Sept (18-10.5) ºC * 11 h/day * 10.5 day/month = 867 
Oct (18-7.7) ºC * 11 h/day * 22 day/month = 2493 
Nov (18-3) ºC * 11 h/day * 22 day/month = 3631 
Dec (18-3.6) ºC * 11 h/day * 12 day/month = 1901 

Σ = 27251 ºCh/year 

 
TA2 
Jan (18-(-3.5)) ºC * 9.5h/day * 15day/month = 3063 
Feb (18-(-3.6)) ºC * 9.5h/day * 20 day/month = 4104 
Mar (18-(-5.8)) ºC * 9.5 h/day * 23 day/month = 5200 
Apr (18-3.5) ºC * 9.5 h/day * 17 day/month = 2341 
Half May (18-6.5) ºC * 9.5 h/day * 10.5 day/month = 1147 
Half Sept (18-10.5) ºC * 9.5 h/day * 10.5 day/month = 748 
Oct (18-7.7) ºC * 9.5 h/day * 22 day/month = 2152 
Nov (18-3) ºC * 9.5 h/day * 22 day/month = 3135 
Dec (18-3.6) ºC * 9.5 h/day * 12 day/month = 1641 

Σ = 23535 ºCh/year 

 
 
 
TA3 
Jan (18-(-3.5)) ºC * 10h/day * 15day/month = 3225 
Feb (18-(-3.6)) ºC * 10h/day * 20 day/month = 4320 
Mar (18-(-5.8)) ºC * 10 h/day * 23 day/month = 5474 
Apr (18-3.5) ºC * 10 h/day * 17 day/month = 2465 
Half May (18-6.5) ºC * 10 h/day * 10.5 day/month = 1207 
Half Sept (18-10.5) ºC * 10 h/day * 10.5 day/month = 787 
Oct (18-7.7) ºC * 10 h/day * 22 day/month = 2266 
Nov (18-3) ºC * 10 h/day * 22 day/month = 3300 
Dec (18-3.6) ºC * 10 h/day * 12 day/month = 1729 

Σ = 24773 ºCh/year 
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TA6 
Jan (18-(-3.5)) ºC * 10h/day * 15day/month = 3225 
Feb (18-(-3.6)) ºC * 10h/day * 20 day/month = 4320 
Mar (18-(-5.8)) ºC * 10 h/day * 23 day/month = 5474 
Apr (18-3.5) ºC * 10 h/day * 17 day/month = 2465 
Half May (18-6.5) ºC * 10 h/day * 10.5 day/month = 1207 
Half Sept (18-10.5) ºC * 10 h/day * 10.5 day/month = 787 
Oct (18-7.7) ºC * 10 h/day * 22 day/month = 2266 
Nov (18-3) ºC * 10 h/day * 22 day/month = 3300 
Dec (18-3.6) ºC * 10 h/day * 12 day/month = 1729 

Σ = 24773 ºCh/year 

 
 
TA8 
Jan (18-(-3.5)) ºC * 10h/day * 15day/month = 3225 
Feb (18-(-3.6)) ºC * 10h/day * 20 day/month = 4320 
Mar (18-(-5.8)) ºC * 10 h/day * 23 day/month = 5474 
Apr (18-3.5) ºC * 10 h/day * 17 day/month = 2465 
Half May (18-6.5) ºC * 10 h/day * 10.5 day/month = 1207 
Half Sept (18-10.5) ºC * 10 h/day * 10.5 day/month = 787 
Oct (18-7.7) ºC * 10 h/day * 22 day/month = 2266 
Nov (18-3) ºC * 10 h/day * 22 day/month = 3300 
Dec (18-3.6) ºC * 10 h/day * 12 day/month = 1729 

Σ = 24773 ºCh/year 

 
 
 
TA9 
Jan (18-(-3.5)) ºC * 10h/day * 15day/month = 3225 
Feb (18-(-3.6)) ºC * 10h/day * 20 day/month = 4320 
Mar (18-(-5.8)) ºC * 10 h/day * 23 day/month = 5474 
Apr (18-3.5) ºC * 10 h/day * 17 day/month = 2465 
Half May (18-6.5) ºC * 10 h/day * 10.5 day/month = 1207 
Half Sept (18-10.5) ºC * 10 h/day * 10.5 day/month = 787 
Oct (18-7.7) ºC * 10 h/day * 22 day/month = 2266 
Nov (18-3) ºC * 10 h/day * 22 day/month = 3300 
Dec (18-3.6) ºC * 10 h/day * 12 day/month = 1729 

Σ = 24773 ºCh/year 
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TA12  
Jan (16-(-3.5)) ºC * (15h/day * 15day/month + 24h/weekends *2) = 

5323 
Feb (16-(-3.6)) ºC * (15 h/day * 20 day/month + 24h/weekends *4) = 

7761 
Mar (16-(-5.8)) ºC * (15 h/day * 23 day/month + 24h/weekends *4) = 

9613 
Apr (16-3.5) ºC * (15 h/day * 17 day/month + 24h/weekends *3) = 

4087 
Half May (16-6.5) ºC * (15 h/day * 10.5 day/month + 24h/weekends *2) = 

1952 
Half Sept (16-10.5)ºC * (15 h/day * 10.5 day/month + 24h/weekends *2) = 

1131 
Oct (16-7.7) ºC * (15 h/day * 22 day/month + 24h/weekends *4) = 

3536 
Nov (16-3) ºC * (15 h/day * 22 day/month + 24h/weekends *4) = 

5539 
Dec (16-3.6) ºC * (15 h/day * 12 day/month + 24h/weekends *2) = 

2828 

Σ = 41770 ºCh/year 

 
 
 
TA13  
Jan (16-(-3.5)) ºC * (15h/day * 15day/month + 24h/weekends *2) = 

5323 
Feb (16-(-3.6)) ºC * (15 h/day * 20 day/month + 24h/weekends *4) = 

7761 
Mar (16-(-5.8)) ºC * (15 h/day * 23 day/month + 24h/weekends *4) = 

9613 
Apr (16-3.5) ºC * (15 h/day * 17 day/month + 24h/weekends *3) = 

4087 
Half May (16-6.5) ºC * (15 h/day * 10.5 day/month + 24h/weekends *2) = 

1952 
Half Sept (16-10.5)ºC * (15 h/day * 10.5 day/month + 24h/weekends *2) = 

1131 
Oct (16-7.7) ºC * (15 h/day * 22 day/month + 24h/weekends *4) = 

3536 
Nov (16-3) ºC * (15 h/day * 22 day/month + 24h/weekends *4) = 

5539 
Dec (16-3.6) ºC * (15 h/day * 12 day/month + 24h/weekends *2) = 

2828 
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Σ = 41770 ºCh/year 

 
 
 
 
5. Calculations of free heat: 
Lights:  Using hours  Power 
Lights of Offices 
        Halls  
        Classrooms  

10h/day 24010 W 

Lights of Meeting room  
        Wood-working 
room  
        Refectory  
        Hall outside the 
wood-working room and 
refectory 
        Kitchen 

5h/day 25150 W 

Lights of Infirmary  
        Locker room  
        Music-room  
        Library  
        Toilets  
        Ping-pong 
room  

2h/day 13440 W 

Lights of Gym  200h/year 10900 W 
Lights of Shooting-room  27h/year 3044 W 
Σ = 81 MWh   
 
 
Computers: Using hours Power 
Computer Server 24h/day 300 W 
Computers in the halls, 
classrooms and offices 

10h/day 10800 W 

Computers in the 
waiting-rooms 

3h/day 1200 W 

Σ = 25 MWh   
 
 
Other Equipments: Using hours  Power 
Fridges  24h/day 1400 W（25％） 
Large fridge  24h/day 1101 W（25％） 
Disinfectors  4h/day 2500 W（100％） 
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Coolers 24h/day 660 W（50％） 
Ovens 3h/day 20000 W（50％） 
Warmers 5h/day 4200 W（70％） 
Dish washer NO.1 5h/day 12000 W（20％） 
Dish washer NO.2 4h/day 12000 W（20％） 
Pasta-cooker  40h/year 32000 W（50％） 
Stoves  28h/year 14000 W（50％） 
Copycats & printers 5h/day 1000 W（80％） 
Coffee machines 5h/day 8000 W（50％） 
Micro-wave ovens 0.5/day 7000 W（50％） 
TV. PS. HI-FI 2h/day 5700 W（90％） 
Radiators  400h/year 3300 W（100％） 
Water heaters 0.5h/day 1000 W（50％） 
Drying machines  200h/year 76000 W(15%) 
Σ = 32 MWh   
 
Total free heat from electrical equipment = 138 MWh 


