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Abstract 

The main subject of this project is to make an energy audit of a building in Gävle, 

which is built in 1990 and occupied as school by small children. Energy plays a 

very important role in the world. As the development of the society, conventional 

energy sources are facing a dilemma of being depleted. So there is a growing 

trend of people to pay more attention on saving and economizing energy usages. 

Building energy consumption takes a big part of the world energy. Therefore it is 

necessary to make effort on the optimization of energy usage in building fields.  

 

The purpose of this project is to know how the energy is used in this building, 

determine the weakness and strength, and put forward some feasible saving 

methods. First step in this analysis is making an energy balance of the building, 

which can help to visualize the composition of heat losses and heat gains, also to 

know the current energy demand and consumptions.  

 

From the energy balance, it can be observed that the biggest share of heat losses 

is transmission (104628 kWh) and the loss through windows takes the most of 

transmission loss, which is 32%. So making improvements on the windows may 

be an effective way to reduce energy losses. By doing the calculations, up to 

9471kWh can be saved by this strategy.  

 

The ventilation and infiltration losses can also be reduced by some appropriate 

controls; 5153 kWh and up to 46942 kWh can be saved respectively, according to 

the analysis and calculations. Another method of saving energy is to adopt 

proper operation and maintenance manners, and by doing that 5–20% of energy 

can be saved.  

As a conclusion, all the measures discussed can reduce energy losses to some 



 

 

extent, and which one to be use will depend on the preference and economic 

condition of the building owner.  
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1. Introduction 

1.1 Background 

Energy is fundamental to the quality of people’s lives. The sufficient and 

uninterrupted supply of energy ensures the normal operation of society. 

Global energy consumption has increased steadily for much of the twentieth 

century, as the trend shown in figure 1. 

 

 

Figure 1: World Energy Consumption by Source (Our Finite World, 2015) 

 

This rapidly rise in energy consumption is mostly owns to fossil fuel use. Up to 

now the major primary energy sources used worldwide is still fossil fuels, 

especially oil, coal and natural gas, although they are meeting the situation of 

exhausted [1]. To save the consumption of fossil fuels, renewable energy which 

refers to the energy comes from resources that are naturally replenished such as 

sunlight, wind, waves and geothermal heat is being vigorously developed and 

promoted. In the meantime, the measures applicable to increase the energy 
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efficiency are also being developed in all fields. 

With the development of world economy and the modernization of cities, 

people’s standard of satisfactory living environment is raising, the various 

designs of building structures are realized. In order to accommodate to the 

diverse type of constructions, proper indoor environment controlling is urgent to 

be carried out, which is supposed to be not only fully competent but also energy 

efficient. 

According to the IEA world Energy Outlook, the primary energy consumed by 

buildings occupies 48% of the total world energy, as shown in figure 2, and new 

buildings are being constructed every year, the amount is keep growing. People 

spend more than 90 percent of their time indoors [15], therefore it is meaningful 

and imperative to optimize the energy use in the buildings and increase the 

energy efficiency to reduce the total consumption and lower the costs [2]. 

 

 

Figure 2: Percentage of energy used on buildings (Cozy Home Performance, 2015) 

 

This paper will be mainly focus on the energy utilization in the building 

constructions.  
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1.2 Aim and Objectives 

The purpose of carrying out this work is: 

 Survey the present energy condition of the building,  

 Making an energy audit by establish an energy balance of the building 

envelop. 

 Create an understanding of the relation between thermal comfort, installation 

services and building structures 

 Find out possible solutions for the current structure to improve the energy 

efficiency, save cost and reduce energy lost.  

 

1.3 Limitations  

Although efforts have been paid to accomplish this project, there still exist errors 

lacks in the work.  

 

The measurements done and the materials used in calculations are all drawn 

from the year 2014. Assumptions and general information is also made depend 

on the conditions of this year. However, situation is changing by time, so the 

analysis is most suitable for the year 2014. It would be inappropriate if use the 

report for long time utility.  

 

Furthermore, the value of internal heat might be slightly different from the actual 

situation, because during the calculation some assumptions have been made due 

to the difficulty of tracing every one of the equipment’s operation. 

 

There might exist some other lacks, however this work is done by every possible 

effort to refine the results. 
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1.4 Description of the building 

The building is located in Gävle, the capital city of Gävlegorg situated in the north 

of Sweden, as shown in figure 3. It is a one floor building employed as school for 

little children before their primary education. The school is built in 1990, and is 

placed in Mårdvägen, as shown in the map figure 4.  

 

 

Figure 3: Location of Gävle city (Wikipedia Commons, 2015) Figure 4: Location of 

Mårdvägen (Google Map, 2015) 
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The students who study in this school are around 3-5 years old and averagely 

they stay inside the building 7 hours per day and five days per week.   

The school is composed by 13 parts; they connected to each other and form a 

symmetrical architectural structure. The design drawing is shown in Appendix 1. 

The photograph below shows some facades of the building.  

 

 

Figure 5: Appearance of the building in four facades 

 

The building contains 4 storages, 5 laundries, 4 KPR, 5 entrance rooms, 1 calling 

room, 3 playrooms, 1 equipment room, 4 rest rooms, 7 living rooms, 2 workshops, 

2 activity rooms, 2 wet rooms, 1 expedition, 1 OMKL, 10 WC, and 3 kitchens.  
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2. Theory 

2.1 Building envelop and heat transfer  

2.1.1 Building Envelop 

A building envelope includes all the components that make up the shell of the 

building, which refers to the ceiling, walls, windows, floor and the doors [3]. The 

building envelop separates the interior and exterior space of a building.  

 

Heat transfers through the building envelope either from the inside to the 

outside air, or from outside into the inner space. The envelope is supposed to 

function at prevent the outdoor climate to affect the indoor environment, and 

reduce the heat loose out of the building in the winter and stop the hot air come 

into the air-conditioned building in the summer [4] . 

 

2.1.2 Heat Transfer 

Indoor temperature is the primary element of the thermal comfort. Managing the 

temperature in a building always involves controlling heat transfer. Heat has a 

natural tendency to flow from an area of high temperature to one of lower 

temperature as described by the law of thermodynamics. The bigger temperature 

difference, the bigger heat flow will occur, it seeks a balance until the 

temperature is same across the whole area.  

During the winters, a heated building loses heat to its colder exterior. In summer, 

an air conditioned building will absorb heat from the exterior, which is warmer 

than the interior.  

There are three modes by which heat transfers in and out of a building: 

conduction, convection and radiation. In the building, the three ways of heat 

transfer occur at the same time and play an important role in the heat balance of 

a building. 
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Conduction 

Conduction happens when an object, such as a wall separates a hot area from a 

cold area. In the cold weather, air temperature inside the building is higher than 

the outside; the wall separates the two extremes [5]. The inner surface of the 

wall is heated and tends to reach the same temperature as the air inside of the 

building. The inner surface warms the adjacent material of the wall, and finally 

warms the external surface. Heat is thus transfers from the inside to the outside 

of the building through the wall as shown in figure 6. This results in heat loss 

from the building to the colder outside.  

 

The rate of heat transfer through a wall depends on the property of the material 

and the temperature difference between inside and outside air.  

 

 

Figure 6: Heat conduction (NIST, 2015) 

 

Convection 

Heat transfer by convection take place as a result of the movement of liquid or 

gas over a surface, such as wind blowing against a building. As fluid motion goes 

more quickly the convective heat transfer increases. There are two ways of heat 

convection: natural convection and forced convection.  

Natural convection occurs when the movements of fluid is caused by the density 

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.greenmaltese.com/2012/01/08/fire-development-in-modern-buildings/&ei=EIq2VPvLHqXkyAPemoK4Dw&bvm=bv.83640239,d.bGQ&psig=AFQjCNFV_La0RQjn9Ii78yfXrjSh6XKpWQ&ust=1421335345412499
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difference. For instance, the cold air falls and warm air rises. That is because the 

cold air has a higher density than the surrounding warm air, same causes of a hot 

air balloon to rise. The other type of convective heat transfer is forced convection, 

which the movement of the liquid or gas is caused by the external force and not 

only occurred by the temperature difference.  

 

The main fluid available to transfer heat by convection in the building is air. Air 

can come through the cracks, holes and gaps into the building [6]. The rate of 

heat transfer by convection is depending on the temperature difference, the 

velocity of the fluid and the kind of fluid involved. Heat transfers faster in water 

than through the air.  

 

 

Figure 7: Heat convection (Properties of Matter, 2015) 

 

Radiation 

Radiation involves the heat energy transmitted in the form of electromagnetic 

waves from one object of higher temperature to another of lower temperature. 

No medium is necessary for radiation to occur; it works between objects that are 

not touching. Radiation is a direct transfer of heat from one object to another, 

without heating the air in between. For example the sun warms the earth without 
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warming the space between the sun and the earth; you feel the warm of the sun 

even if the air is cold. Heat from the sun is being transferred through space by 

radiation to warm you. 

 

Solar radiation is primarily short-wave radiation. The window glass is nearly 

transparent to this radiation from the sun; therefore once the sunlight enters a 

room, energy of the sun is absorbed by the contents of the room in form of heat, 

meanwhile the warm objects in the room also emit radiation energy. 

 

 

 

   

Figure 8: Heat Radiation (Sustainability Workshop, 2015) 

 

2.1.3 U-values 

The U-value is defined as the rate at which thermal energy is conducted through 

unit area, per kelvin temperature difference between its two sides, and is 

expressed in W/m2 K. A U-value is a measure of heat loss in a building element 

such as the wall, floor or roof. It measures how well the element transfers heat. 

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://sustainabilityworkshop.autodesk.com/buildings/shading-solar-heat-gain&ei=lK63VILGEILnywPYsIDoAQ&psig=AFQjCNEZBGISqKcnezfHWRZT7RAqOJMoig&ust=1421410170831687
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That means the higher the U-value the worse the thermal performance of the 

building envelope. A good insulating structure therefore has a low U-value.  

The formula of U-value is: 

 𝑈𝑣𝑎𝑙𝑢𝑒(𝑊/𝑚2∗𝐾 )=𝑇h𝑒𝑟𝑚𝑎𝑙 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (𝑊/𝑚∗𝐾 )/𝑇h𝑖𝑐𝑘𝑛𝑒𝑠(𝑚)    [1]     

             Formula 1: calculation of U-value 

Thermal conductivity is the property of a material's ability to conduct heat, and 

is measured in watts per kelvin-meter i.e. W/(K·m). Table 1 shows the thermal 

conductivity of some different material.  

 

                    Table 1: Thermal conductivities 

 

 

It can be concluded from the table, metals are better conductor than the other 

material. That’s why it is used for high energy generation, heat exchangers when 

the purpose is to maximize the amount of heat transfer.  

 

While the material such as wood, mineral wool, fiberglass, and the air, they have 

lower thermal conductivities, transfer less heat under same temperature 

difference of unit area. These materials can be used to isolate buildings and 

systems, with the aim to maintain a constant interior temperature or keeping a 

boundary to protect some components from suffering the heat transfer.  
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2.2 Energy Balance 

Energy is conserved, no energy gets lost. However, energy can escape out of a 

certain region. An energy balance is a mathematical statement of the 

conservation of energy; it is a systematic accounting of energy flows and 

transformations in a system. The energy balance is theoretically based on the 

first law of thermodynamics, which states that energy cannot be created or 

destroyed, only can be changed in form. Thereafter for the buildings, energy 

balance indicates that energy came into the building is equal to the energy out of 

the building.  

 

Energy balances can only be prepared for restricted spatial areas with clearly 

defined boundaries and as for the buildings, these boundaries are called the 

envelope. Energy towards building envelope is often performed as heat. Heat 

flows into and out of a space is typically called load, the idea of energy balance is 

used in the purpose of calculate the heating and cooling load for a particular 

building, and provide a general understanding of the processes and systems 

which result in a certain indoor climate. The energy balance equation can be 

used to determine the energy performance of a building’s envelop. Since the 

summer in Sweden is usually cool, and in this case the main occupants of the 

building are small children, so basically no cooling is needed during the summer 

time, and we only use the energy balance to define the heating system. 

 

For making an energy balance, it is needed to establish the total amount of heat 

gains and heat losses of the building. The heat gains consist of solar radiation, 

internal heat and supply heat for space heating. Heat loss consists of 

transmission loss, mechanical ventilation loss, natural ventilation loss and heat 

supplied to the hot tap water. 
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The equation of energy balance is: 

 

 

Qtr +Q mec vent + Qnat vent + Q hot tap water =Qradiation + Qint + Qspace heating           [2] 

 

           Formula 2: Energy Balance Equation 

Where: 

Qtr: transmission losses [W] 

Qmec vent: mechanical ventilation losses [W] 

Qhot tap water: heat needed for hot tap water [W] 

Qnat vent: natural ventilation losses [W] 

Qradiation: heat gained from solar radiation through the windows [W] 

Qint: internal heat [W] 

QSpace heating: heat needed for space heating [W] 

 

 

2.3 Terms of the Energy Balance Equation 

2.3.1 Transmission losses 

 

When there is a temperature difference between inner and outer space, a heat 

flux is created through the envelope.  

The calculation equation for the transmission loss is: 

 

  Qtr = Σ U* A* (Tin – Tout) = Ktr (Tin – Tout)   [3] 

    Formula 3: Heat loses due to transmission 

 

Where: 
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U: U value, transmission coefficient for different building materials [W/ (m
2
 oC)]; 

A: area [m
2
]; 

Tin: indoor temperature [oC]; 

Tout: outdoor temperature [oC]; 

 

The transmission loses is usually the main part of the energy loss in building, it is 

depending on the U-values and areas of each components of the envelope. The 

total value of transmission lose in a building is the sum of values for each 

component. 

Transmission loses through the floor area is divided in two parts: 1 meter close 

to the exterior perimeter, and the rest of the floor area. The floor near to the 

exterior is considered as lose heat to the outdoor ambience, while the floor away 

from exterior are considered as lose heat to the ground, which is shown in figure 

9. 

 

          

           Figure 9: Transmission losses through the floor 
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To estimate the energy requirement, the following equation can be used: 

  

  Etr = Σ (U* A) qdegree = Ktr qdegre              [4] 

Formula 4: Annual energy needed for transmission losses 

 

Where qdegree is the degree-hour [ºCh/year]. The value can be obtained from chart 2- 

Appendix 2. 

This method is used to calculate the annual need of energy due to transmission, which 

combines theory with empirical observation. 

 

2.3.2 Mechanical ventilation loses 

 

The purpose of ventilation is to provide a healthy and comfortable indoor air 

quality by diluting the contaminant with fresh air. Mechanical ventilation is a 

building ventilation system that uses powered fans or blowers to provide fresh 

air to rooms when the natural forces of air pressure and gravity are not enough 

to circulate air through a building.  

 

The most basic mechanical ventilation system is the extractor fan often found in 

domestic bathrooms and kitchens which is used to remove excess humidity and 

odors from the rooms. These fans are directly connected to a duct that exhausts 

through an external wall or roof stack and are controlled either via a switch or 

wired into the lighting circuit so that they operate when the light is switch on. 

Commercial and industrial systems are inevitably more complex, but still operate 

in the same principles.  

 

Usually the outgoing air from of a ventilation system is warm, which means the 

heat is escaped with the air. To prevent this, modern ventilation systems put into 

use heat exchangers, transferring part of the heat from the outgoing air to the 
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incoming air. The heat recovery ventilation systems reduce the occurrence of 

indoor condensation while keeping a constant fresh air environment and 

minimize the heating energy required to maintain a comfortable internal 

temperature. A rotated type of heat recovery ventilation system is used in this 

building, and it has an operating efficiency of 70%. Figure 10 and 11 shows the 

appearance and working sketch of this system. The outdoor air comes into the 

heat exchanger to be preheated and supplied to the building. After a circulation 

the contaminated air comes back to the heat exchanger and leaves its residual 

heat to the exchanger and then is exhausted out of the building. 

 

 

Figure 10: Heat recovery ventilation system 

 

 

Figure 11: Heat recovery ventilation system schema (Engineering, 2015) 

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://tamlintimberframehomes.com/about/our-head-office/attachment/obe-9/&ei=TIm-VKv3Jaj9ygPniIGoCg&psig=AFQjCNEZfoi9LGqJe9cueK6o8pK7PwB9qg&ust=1421859486134715
http://www.google.se/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.engineering.com/DesignerEdge/DesignerEdgeArticles/ArticleID/6516/Energy-Recovery-How-It-Shapes-Todays-Buildings.aspx&ei=sT_rVPSsO6HcywO_gYHIDw&psig=AFQjCNGWWjM4oZcdou_5wAo7H37UyPOhrA&ust=1424789805349406
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The equation of heat losses [W] due to the exhaust and supply air is:  

  

  Qmec vent = V ρ cp (Tin – Tout) (1- η)= Kmec vent (Tin – Tout)      [5] 

    Formula 5: Heat losses due to mechanical ventilation 

Where: 

V : supply air flow [m3/s];  

cp : specific heat capacity of the air [J/(kg ºC];  

ρ : density [kg/m3]; 

η : efficiency of the ventilation system. 

 

2.3.3 Natural Ventilation Losses (Qnat vent) 

 

The natural ventilation losses are due to the infiltration losses and the opened 

doors and windows. The infiltration loss is decided by the tightness of the 

different elements of the building. In building energy analysis, these losses are 

usually calculated by solving the equation of energy balance. 

 

2.3.4 Hot tap water (Qhot tap water) 

 

A heat exchanger is used to heat up water to circulate around this building. Once 

the hot tap water is used, it goes through the piping system to out of the building. 

So this water is also an energy loss. The tap water is usually heated from 5ºC to 

60 ºC; in this case it is heated to 55 ºC. 

The flowing formula can be found to calculate the heat used for heating up tap 

water: 

    

      Qhot tap water = m Cp water (Ts-Ti)             [6] 

Formula 6: Heat needed for warming up water demand  
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Where:  

m: mass flow of hot water used [kg/s];  

Cp water: specific heat of water [J/kg C];  

Ts: supply temperature [ºC]. Water is heated to 55ºC to avoid Legionella, 

bacterium that can be generated in wet environment with temperatures below 

50ºC [2].  

Ti: ground temperature [ºC]. 5ºC is considered as the mean temperature of the 

ground in Gävle, and therefore the temperature of the incoming water. 

 

2.3.5 Heat gains due to solar radiation (Qradiation) 

 

The sun transfers heat into rooms by the incidence of solar radiation on the 

windows. To calculate heat gains from the solar radiation, the following equation 

can be used: 

              Formula 7: Heat from Solar radiation                    [7] 

The four aspects need to be considered when calculating heat from solar 

radiation is: 

 

Orientation: 

Intensity of solar radiation varies with the orientation of windows. Windows 

toward south and east receive more radiation than the windows toward north 

and west.    

 

Types of window:  

The heat from solar radiation is also depending on the built of windows in 

relation to the wall. There are two types of window structures, one is called type 

0 and the other one is called type 10. Type 0 is designed closer to the outer space, 

𝑄 (𝑊h)=𝐼 (𝑊h/𝑚2/𝑑𝑎𝑦 ∗𝐷𝑎𝑦𝑠/month) ∗ 𝐶𝑎𝑙𝑐.𝑓𝑎𝑐𝑡𝑜𝑟∗𝐶𝑙𝑜𝑢𝑑𝑦 𝑓𝑎𝑐𝑡𝑜𝑟∗𝐴𝑟𝑒a                     
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while type 10 is closer to the inner space, and they have differed radiation.  

Figure 12 shows the look of two different type of window structure. 

 

 

                  Figure 12: Sketch of window’s type (Cristina, 2008) 

Cloudy factor: 

Cloudy factor is taken into account to accurate the calculation of radiation; it 

takes the cloudy days in this area into consideration. Table 2 (Appendix 5) 

displays the cloudy factors for each month. 

 

Table 2: Cloudy factors 

MONTH Cloudy Factor 

January 0,45 

February 0,49 

March 0,58 

April 0,58 

May 0,63 

September 0,58 

October 0,51 

November 0,42 

December 0,43 
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Calculation factor:  

It is the absorption factor of solar radiation for the room, and is depending on the 

window material and structures. In this case the windows are all double pane, 

with a calculation factor of 0.8, as obtained from Appendix 5. 

 

2.3.6 Internal Heat (Qin) 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

The internal generation of heat also called the free heat is comes from people’s 

metabolism, lightning and the electrical equipment [7].  

 People: the energy released by metabolism of people is depending on the 

muscular activities. Metabolism rate is measured in Met, which 

1Met=58.15W/m2 body surface. The common value for light activities is 

between 1.2-1.4. 

 

 Lightning: includes the percentage of the used energy for lightning that is 

converted to heat. There are mainly 3 kinds of electric bulbs utilized in 

this building: incandescent, fluorescent and halogenous. The incandescent 

bulbs convert larger amount of electricity to heat, which the value is from 

90% to 95% [12]. 

 

 Equipment: electrical equipment such as computers, copiers and the 

electrical cookers also release heat to the air when they are working.  

 

2.3.7 Space Heating 

 

The heating system existing in this building is district heating, and the value of 

heating consumption can be obtained from the supply company. 
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2.4 District Heating  

2.4.1 Method of district heating 

 

District heating is a system for distributing heat generated in a centralized 

location for residential and commercial heating requirements such as space 

heating and water heating. The schema of a district heating system is shown in 

figure below. 

 

Figure 13: District heating distribution (Gallery hip, 2015) 

A district heating scheme comprises a network of insulated pipes used to deliver 

heat, in the form of hot water or steam, from the point of generation to an end 

user. The hot water circulates between the heating plant and the customer’s 

premises in the insulated steel pipes, which are laid in the undergrounded 

trenches, and have an average heat loss only from 5% to 10% [16]. Customers 

use this heat to warm up the water or air in heat exchangers to use in hot tap 

water, ventilation or heating systems. Figure 14 shows look of district heating 

tubes.  
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Figure 14: District heating tubes (INPAL, 2015) 

 

Recent years, the cogeneration plant which is also called combined heat and 

power (CHP) plant is often used to generate heat to supply the district heating 

system. The CHP plants produce electricity and heat simultaneously; the burning 

fuels used in these plants are mainly fossil fuels such as coals, oil and natural gas. 

Combined heat and power units use the heat generated when producing 

electricity to heat water and provide hot water to district heating. The 

cogeneration system is more energy efficient. A simple thermal power station 

can be 20-35% efficient [17], while a facility with the ability to recover waste 

heat can reach total energy efficiency of nearly 80% [17]. Also it reduces the 

carbon dioxide emission in 50% and provides a considerable energy saving.  

Figure below shows the scheme of a combined heat and power generation plant.  
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Figure 15: Schematic example of a CHP plant using biomass fuel (Biomass 

Innovation Centre, 2015) 

2.4.2 Reasons to use district heating 

 

There are some competitive advantages of district heating:  

 District heating plants can provide higher efficiency and better pollution 

control than localized boilers [8].  

 Allowing a broad range of energy generation technologies to work 

together to meet demand for heat. The heat can be obtained from a 

cogeneration plant such as geothermal heating, heat pumps, nuclear 

power or solar heating. 

 Enabling the efficient transportation and use of heat for a wide variety of 

users. 

 Enabling fuel flexibility  

 Efficiently manage supply and demand of energy. 

 Lowering costs of energy generation. 

 Increasing fuel efficiency through use of CHP. 

 Reducing labor and maintenance cost as compared to individual systems. 

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.energyland.emsd.gov.hk/en/building/power/index.html&ei=V2LKVP2ZA4SfygPe24CQAg&psig=AFQjCNFrRSjMyfRz5N2fnTENnyeMxXwP0Q&ust=1422635882979617
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3. Process and Results 

In this section, theories mentioned above are going to be applied to the objective. 

The tables made from calculation and measurements done will be shown for 

each term of the energy balance equation.  

 

3.1 Heat Losses 

In this part, heat transfer out of the building is going to be studied. It will be 

divided into three parts: transmission, mechanical ventilation, and hot tap water. 

Heat loss due to natural ventilation will be calculated in the later chapter by 

solving the energy balance equation. 

 

3.1.1 Transmission losses 

 

The transmission loss is calculated by formula 3: 

Qtr = Σ U* A* (Tin – Tout) = Ktr (Tin – Tout)     [3] 

The calculation processes of each surface area are shown in table 1-Appendix 1, 

and the U-value is also defined [9]. The U-value of roofs should be 15% added to 

the original value, because of the radiation to the outer space. So the U-value of 

the roof is: 0,17*(1+0,15)=0,2 [W/m2 ºC]. Heat loss through the roofs should be:   

E= U (1+0.15) ·A· (Tin-Tout) 

 

The interior temperature is measured as 23°C, and the outdoor temperature of 

Gävle in a year is shown in the table below, according to chart 1-Appendix 2. 
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              Table 3: Temperature of Gävle in a year 

                    

 

The result of transmission heat loss calculated by the mean temperature is 

shown in the table below. The calculation process can be found in table 2- 

Appendix 1. 

 

          Table 4: Transmission loss calculated by mean temperatures 

 

 

To calculate the annual amount of energy, formula 4 is used. The balance 

temperature is 23°C and the mean outside temperature is 5°C, therefore by using 

chart 2-Appendix 2 the degree hour of 139500 [h·K/year]can be obtained. Table 

below presents the overview of heat loss calculated by the degree hours. 
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                Table 5: Transmission loss calculated by degree hour 

 

 

 

Transmission loss in different parts of the building is shown in a pie chart for a 

better view of the percentage distribution. 

 

 

           Figure 16: Heat loss in each part of building envelope 

 

 

3.1.2 Mechanical ventilation losses 

 

To calculate the heat loss due to mechanical ventilation, total supply and exhaust 

air flow of the system has to be measured in the control room. In this case a 

thermal anemometer is used to measure the total air flow, which is called 

19% 
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Velocical Plus. It is a multi-parameter ventilation analyser, capable to measure 

temperature, differential pressure, air flow rate and relative humidity.  

The equipment is shown in the figure below, and the results of measurements 

done are shown in Table 6. 

                                     

 

                        Figure 17: Velocical Plus 

 

Table 6: Result measured by Velocical plus 

 

 

As mentioned in the theory, formula used to calculate mechanical ventilation 

losses is: Qmec vent = V ρ cp (Tin – Tout) (1- η) = Kmec vent (Tin – Tout)     [5] 

 

Where V=v · A= 2.5m/s · A 

The ventilation duct has an insulation layer with thickness of 0.04 [m].  
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Therefore the cross section area of the ventilation duct is: 

A = l · h= (0.6-0.04×2) · (0.8-0.04×2) =0.37[m2] 

where l= 0.6: length of the cross section  

      h= 0.8: height of the cross section 

 

So, V=0.37×2.5=0.925 [m3/s] 

ρ = 1.2 [kg/m3]; Cp air = 1000 [J/kg C].  

Kmec vent=0.925×1.2×1000× (1-0.7) =333 [W/K] 

 

To calculate the annual amount of heat loss: 

Emec vent= Kmec vent · qdegree =333×139500=46454 [kWh] 

 

The ventilation system works 5 days per week, and 12 hours (06.00-18.00) per 

day. So the working time is: t=5×12=60 hours/week.   

A whole week has 168 hours, so the work time ratio of the ventilation system is: 

60/168=36% 

 

Therefore the actual annual heat loss should be: 

Emec vent= 46453.5×36%=16723 [kWh/year] 

 

3.1.3 Hot tap water 

 

The annual consumption of water is 607m3 as shown in figure 1-Appendix 3 [13]. 

Hot tap water usually occupies 30% of the total amount [12], which should be 

182m3. 

The tap water circulate in this school is heated from 5°C to 55 °C. So with these 

items known, the annual energy loss by hot tap water can be obtained: 

Qhot tap water =182*1000*4,18*(55-5)/3600=10571,9 kWh/year 
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3.2 Heat Gains 

This chapter presents the calculation and analyse of different energy sources 

come into the building, which include the internal heat generation, sun radiation 

and the district heating.  

 

3.2.1 Gains due to radiation 

 

As introduced in the theory part, the calculation formula for heat gained by sun 

radiation is: 

𝑄 (𝑊h) =𝐼 (𝑊h/𝑚2/𝑑𝑎𝑦 ∗𝐷𝑎𝑦𝑠/month) ∗ 𝐶𝑎𝑙𝑐.𝑓𝑎𝑐𝑡𝑜𝑟∗𝐶𝑙𝑜𝑢𝑑𝑦 𝑓𝑎𝑐𝑡𝑜𝑟∗𝐴𝑟𝑒𝑎 7 

 

I: is the sun radiation. It depends on the type of windows and the orientation.  

All the windows installed in this building are type 0, and they are along with the 

walls facing to four directions respectively as shown in the figure below.   

 

Figure 18: Orientation of the school [8] 
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By use of Appendix 6, the table below is gained to show the radiation of each 

orientation in Wh/ (m2*day) at the situation latitude 60 º N. 

 

Table 7: Solar radiation in each orientation of the building 

 

The area of windows in each orientation is calculated in Appendix 4. 

Calculation factor in this case is 0.8, and cloudy factors for each month are 

displayed in table 2.  

As all the items in formula 7 are known, calculation processes of annual heat by 

solar radiation are shown in Appendix 4. The result of total amount in a year is 

shown in the table below:  

 

        Table 8: Total heat gained by radiation 

Areas 

(m2) 

Orientation                 

(°) 

Radiation      

(KWh) 

NORTH 19,11 

 

-150 1669,25 

EAST 29,35 

 

-60 10275,4 

SOUTH 3,51 

 

 30 1551,77 

WEST 28,57 

 

 120 4149,81 

  TOTAL 17646,23 

                   

 

 

Month Type 150N 60E 30S 120W 

January 0 130 1440 2360 160 

February 0 370 2900 4280 640 

March 0 900 4520 5740 1720 

April 0 1990 5850 6370 3320 

Half May 0 3050 6150 5980 4460 

Half September 0 1230 4820 5760 2200 

October 0 530 3570 4960 1010 

November 0 200 1910 3040 270 

December 0 80 1060 1770 90 
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3.2.2 District heating  

 

The heat supplied by district heating is used for space heating and hot tap water. 

As shown in Appendix 3 the mean district heating needs for 2014 is 103498kWh. 

But to analyse the energy consumption, it is better to estimate under the normal 

climate situations, so the climate corrected consumption Klimatkorrigerad 

förbrukning need to be used. So the district heating consumption in the mean 

climate condition for 2014 is 117355 kWh according to the data given in figure 

3-Appendix 3. 

 

3.2.3 Internal heat 

 

Heat released by people: 

The school has 70 students who are age from 3-5 years old, and 10 staffs who are 

adults [14]. Due to the activities they are doing inside the school, heat released 

from an adult is about 100W, and for the children is 40W. 

People stay in the school 7 hours per day and 5 days per week, and there are 34 

weeks of heating time in the 2014. So the total hours they stay in the building for 

a year should be 7*5*34= 1190h.  

As a result the annual heat released by people is:  

E= (40*70+10*100)*1190=4522 [kWh/year] 

 

Heat released by electrical equipment: 

The electrical equipment used in the school contains computers, printers, and 

the apparatus in kitchen such as refrigerators, coffee machines and ovens.  

It has been assumed that 1% of the total electricity consumption is converted 

into internal heat from equipment [12]. According to the energy report given by 

Gavlefastigheter (figure 2-Appendix 3) the electricity consumption is 71495 kWh. 

Therefore the total heat released by the operation of electrical equipment is: 

E= 71495*1%=715 kWh 
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Heat released by lightning: 

As the incandescent bulb releases the most amount of heat, so the calculation 

takes only take this type of bulbs into consideration. 

There are 52 incandescent bulbs installed in this school, which include two types 

40W and 15W. The lightning hours is considered as 8 hours per day and 5 days 

per week, from mid-September to mid-May [14]. The calculation is shown in 

table below: 

 

Table 9: Heat released by lightning 

Type  Factor Number Hours Q (kWh) 

15W   0,95 22 1440 451,44 

40W   0,95 30 1440 1641,6 

    TOTAL  

   

2093 

                    

 

Table 10 shows the sum of different types of internal heat: 

 

Table 10: Sum of internal heat 

 

Qint 

kWh/year 

People 4522 

Electrical equipment 715 

Lightning 2093 

 TOTAL 7330 

                      

To visualize the proportion of each internal heating source, the following figure is 

made:  
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Figure 19: The proportion of internal heat 

 

3.3 Energy balance 

Items in energy balance equation can be obtained by the calculations. 

The table below shows sum of energy balance:  

 

Table 11: Energy balance 

HEAT LOSSES kWh/year 

 

 HEAT GAINS kWh/year 

Transmission 104628 

 

 Solar radiation 17646 

Ventilation 16723 

 

 District heating 117355 

Hot tap water 10572 

 

 Internal heat 7330 

   TOTAL 131923 

 

 

 

142331 

 

The heat loss due to natural ventilation can be obtained by solving the energy 

balance equation. As all the other items in the equation are known, the value of 

natural ventilation loss is therefore 10408 kWh.  

 

For a clearer view, following figures will show the proportion of energy gains and 

energy losses. 
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Figure 20: Proportion of heat losses 

 

 

Figure 21: Proportion of heat gains 
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4. Analysis and possible savings 

According to energy balance, the main way of saving energy usage in buildings is 

to reduce the heat losses. Heat losses can be divided into transmission, 

ventilation, infiltration and hot tap water. The following chapters will based on 

these four aspects, analysis and discuss on the possible saving measures in the 

purpose of save energy and reduce the cost. 

4.1 Improvement of windows 

As shown in figure 20, transmission takes up the largest proportion of the total 

heat loss, which is 74%. Therefore it is reasonable to start the analysis from 

reducing the transmission losses. While the heat loss through windows is 32% of 

the total transmission losses, which is the most serious among the building 

envelopes as shown in Figure 16. 

 

To reduce the heat loss through windows, the first task is to lower the ability of 

windows to transfer heat, in other words lower the U-value. The most effective 

way to lower the U-value is to replace the current windows by triple pane 

window [9]. The different structure of window is shown in the figure below: 

 

 

Figure 22: Structure of different types of window (The Window Dog, 2015) 

https://www.google.se/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https://thewindowdog.com/triple-pane-vs-double-pane-windows/&ei=lj0tVZXpD4qssgH81oKwCA&psig=AFQjCNFSnnYz8587J5ct89P26FllmjqKEg&ust=1429114622044243
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Instead of double glazed window with U-value of 3 W/m2K, the triple glazed 

window has a U-value of 2 W/m2K, which means it will save 1 watt per square 

meter. Meanwhile, the heat gained by radiation through windows is also changed; 

the calculation factor turns to 0.72, instead of 0.8 for the original windows. The 

following table shows the comparison of two types of window. 

 

Table 12: Comparison of the double-pane window and triple-pane window 

 

Double-pane Triple-pane 

Saving  

(kWh) 

U-value (W/m2K) 3 2 

 

Calculation factor 0,80 0,72 

Heat loss (kWh) 33706 22471 

Heat gains (kWh) 17646 15882 

Total (kWh) 16060 6589 9471 

 

The total heat loss through original windows is the difference between heat loss 

by transmission and heat gains by radiation, which is 16060 kWh. After installing 

triple glazed window, the transmission loss becomes 22471kWh (calculation is 

shown in table 1-Appendix 7) and the heat gained by solar radiation turns to 

15882kWh (table 2-Appendix 7), therefore the heat loss through new windows 

is 6589kWh. Thus, the total heat loss is reduced by 9471kWh after the 

replacement and it means a saving of 6.7% of total energy. 

 

However, the replacement of windows will cost a respectable amount of 

investment, and takes a period of time to accomplish the construction. 

The relatively easier and cheaper way to decrease heat losses through window is 

to add a well-fitted curtain.  

The following figure shows the difference between a well fitted and a poorly 

fitted curtain and the effect it can cause on heat loss.  
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Figure 23: Window coverings (Sustainability Victoria, 2015) 

 

As shown in figure 23, the poorly fitted curtain allows heat loss to occur, while 

the well-fitted curtain combined with a pelmet significantly reduces heat loss. 

 

To be more effective, the curtains should be hung as close to the windows as 

possible and let them fall onto a windowsill or floor. It is better to use closely 

woven thick curtain, in order to create an insulating layer of still air on the inside 

of the glass. Also install pelmets or solid barriers above the curtain rail, or place 

it against the ceiling to stop warm air from moving down behind the curtain and 

cooling. Seal the curtain at both sides then overlap it in the center and close 

curtains or blinds when heating is supplied, especially at night.  If all these are 

done, the heat loss through windows may be reduced up to 25% [18], which 

results in 8427 kWh and 6% saving of the total energy use.  

 

4.2 Control ventilation rate 

The current mechanical ventilation rate in this building is 0.925m3/s, which is a 

rather exceeded value for the conventional requirement. According to the 

recommendations of ASHRAE (American Society of Heating, Refrigerating, and 

Air-Conditioning Engineers), a minimum fresh air supply rate in all teaching and 
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learning spaces are at least 8 L/s per person.  

 

There are generally 80 persons occupying this school building, so the required 

ventilation rate should be 64L/s, which is 0.64m3/s. Therefore the heat losses 

through ventilation become: 

 Qmec vent = V· ρ ·cp ·(1- η) ·qdegree· time ratio=11571 [kWh/year] 

 

If the new air supply rate is used, the heat loss reduction of 5153 kWh a year can 

be obtained, which is 3.6% saving of the total energy. 

 

 

4.3 Operation and maintenance  

Operation and maintenance practices can keep a building operating effectively 

and keep building users comfortable and safe. 

Building’s energy consumption can benefit from rigorous operations and 

maintenance (O&M) practices. Properly planned and executed O&M can ensure 

equipment longevity, reliability, safety, and energy efficiency in buildings.  

Energy efficient O&M practices include monitoring energy use, adjusting and 

properly maintaining equipment, and operating the building's lighting, heating, 

ventilating and other mechanical systems. An efficiently operated building will 

meet its occupants' needs using the least amount of energy required. 

Predictive maintenance is the most effective approach over the long term. It is 

the practice of monitoring and evaluating equipment and system condition in 

order to prioritize and perform maintenance tasks and repairs at the optimum 

time [10]. A predictive maintenance program can extend a building’s lifetime by 

several years. It can also increase equipment safety, boost occupant comfort and 

productivity, and improve compliance with efficiency requirements. 
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Combining a predictive maintenance strategy with advanced analytics 

capabilities makes it possible to create a “smart service plan.” Such a plan 

enables facility personnel to monitor and control equipment in ways that can 

reduce energy use and operating costs. Building owners can reduce maintenance 

and energy costs by 5–20% [19], in this case 7116kWh-28466kWh can be saved 

with a smart service plan comprising predictive maintenance and analytics 

capabilities. 

 

4.4 Prevent infiltration loss 

Heat loss by infiltration takes 7% of the total loss as shown in figure 20 and this 

can be decreased by proper measures. The level of infiltration is greatly 

influenced by the materials and components chosen for the building fabric. To 

decrease the infiltration losses, a primary way is to inspect and seal the possible 

leakages over the whole building.   

 

Usually the infiltrations are occurred around floor, wall and roof penetrations 

and edges, also in the service entry points for wiring, plumbing and ducting. If 

finely seal the leakages, regular inspect the condition of sealant and 

waterproofing finishes and note any blistering or cracking, a considerable 

amount of energy can be saved. The heating costs for a well-sealed building can 

be 40% less than an equivalent ‘leaky’ building [20], which means a reduction of 

46942 kWh and 33% of the total energy.  

 

4.5 Other possible measures 

Another energy saving measure is to lower the temperature of space heating and 

hot tap water. The hot tap water temperature must conform to the regulation to 
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avoid diseases and epidemics. The minimum possible temperature for tap water 

to prevent infection and bacteria is 50°C [11].  

 

In this building the outgoing hot tap water temperature is 55°C, it could be 

decreased to 50°C. But it is not recommended, because the bacteria might easier 

to grow，and since the major occupants of this building are little children, who do 

not have very strong immunity, so it is better to keep the original temperature. 

The similar reason for not to decrease the space heating temperature, in case the 

children catch a cold or have fever.  
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5. Conclusion 

By analysis of the calculation results, several possible energy saving measures 

were carried out to reduce the cost. Each of the measure can partly save a 

quantity of energy. The following table shows different measures with the 

amount of saving and percentages.  

 

Table 13: Summary of the results 

 

Energy save 

(kWh) 

Percentage 

of total 

Change the windows 9471 6,7% 

Adding curtains 8426 6% 

Control ventilation 5153 3,6% 

Maintenance  7116-28466 5–20% 

Prevent infiltration 46942 33% 

 

The preventing of infiltration seems to have the largest saving potential, as 

shown in table 12. While it is highly depend on the construction material and 

building structure, and changing theses would need a high investment; therefore 

it is difficult to reach such a big amount of reduction, and quiet limited by the 

cost.  

 

Compare the two different method of reduce window’s transmission losses; 

adding a well-fitted curtain is much cheaper than replace the old windows and 

can still obtain an energy reduction close to the result by using the new type 

windows (with 0.7% less energy reduction). 

 

Even though it is a workable and completely free way to save energy by decrease 

the temperature of hot tap water and space heating, it is not recommended, 

because of the safety considerations. 
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The report finished an energy audit of this particular building, and presented 

several energy saving approaches based on the results obtained. The measures 

might be not sufficient and needed to be assessed by the professional 

experiments. More deep studies can be done in other areas to reach the goal of 

saving energy consumption.  
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Appendix:  

Appendix 1: Building envelop and transmission losses 
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      Table 1: Surface Areas 

 

WALLS + DOORS + WINDOWS WINDOWS  DOORS  WALLS 

 

     b                     h     b×h(m2)    (m2)   (m2)   (m2) 

A 9,14 3,3 30,16      5,85 1,89 22,42 

B 2,3 3,2 7,36 0,78 0 6,58 

B' 2,3 3,2 7,36 0,78 0 6,58 

C 8,43 3,2 26,98 3,9 0 23,08 

C' 8,43 3,2 26,98 3,9 0 23,08 

D 1,05 3,2 3,36 0,78 0 2,58 

D' 1,05 3,2 3,36 0,78 0 2,58 

E 5,3 3 15,9 1,17 0 14,73 

E' 5,3 3 15,9 1,17 0 14,73 

F 7,5 3 22,5 1,22 0 21,28 

F' 7,5 3 22,5 1,22 0 21,28 

G 5,3 3 15,9 0,78 2,05 13,07 

G' 5,3 3 15,9 0,78 2,05 13,07 

H 0,7 3 2,1 0 0 2,1 

H' 0,7 3 2,1 0 0 2,1 

I 6,62 3,2 21,18 3,51 0 17,67 

I' 6,62 3,2 21,18 3,51 0 17,67 

J 6,5 3,3 21,45 5,85 0 15,6 

J' 6,5 3,3 21,45 4,68 1,89 14,88 

K 7 3,2 22,4 3,51 0 18,89 

K' 7 3,2 22,4 3,51 0 18,89 

L 1,05 3,2 3,36 0,78 0 2,58 

L' 1,05 3,2 3,36 0,78 0 2,58 

M 5,3 3 15,9 2,34 0 13,56 

M' 5,3 3 15,9 1,17 0 14,73 

N 7,5 3 22,5 1,22 0 21,28 

N' 7,5 3 22,5 1,22 0 21,28 

O 5,3 3 15,9 0,78 2,05 13,07 

O' 5,3 3 15,9 0,78 2,05 13,07 

P 0,7 3 2,1 0 0 2,1 

P' 0,7 3 2,1 0 0 2,1 

Q 7,72 3,2 24,7 3,51 1,89 19,3 

Q' 7,72 3,2 24,7 4,68 0 20,02 

R 4,3 2,7 11,61 1,95 0 9,66 

R' 4,3 2,7 11,61 1,56 2,05 8 

S 1,1 3,3 3,63 0 0 3,63 

S' 1,1 3,3 3,63 0,78 0 2,85 

T 11 3,3 36,3 3,12 2,05 31,13 

U 6 3,3 19,8 1,56 0 18,24 

V 1,5 3,3 4,95 0 2,05 2,9 
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W 6 3,3 19,8 1,95 2,05 15,8 

X 9,5 3,3 31,35 4,68 0 26,67 

TOTAL 

  

660,02 80,54 22,07 557,41 

 

 

 WINDOWS  DOORS  WALLS 

Area (m2)    80,54   22,07  557,41 

 

 

 

 

 

Ceiling Area: 
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Ceilings of the houses are triangular shaped, as shown in the figure above, h and 

b can be measured, L is the length of ceiling which is also easy measured. So the 

ceiling areas of each house are calculated as: 

 

A= √ (b/2)2+h2 * L*2= S * L*2 [m2] 

 

Where, the items are labeled in the figure above. 

 

 

              

        Table 2: Transmission loss calculated by the mean temperatures 
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Appendix 2: Mean temperature and degree hours 

 

Chart 1: Mean temperatures of months in Gävle 
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Chart 2: Degree hour table: 
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Appendix 3: Energy report from Gavlefastigheter 

Figure 1: Water consumption  
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Figure 2: Electricity consumption  
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Figure 3: District heating consumption 
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Appendix 4: Calculation of heat gained by windows 

Window areas and radiations in each orientation 
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Appendix 5: Factors of the windows 
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Appendix 6: Radiation in each direction 

Chart 1: Monthly radiation in each direction 
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Chart 2: Scheme of rate angles for orientation in solar radiation 
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Appendix 7: Comparison of different type of windows 

Table 1: Comparison of heat loss between triple-pane and the original windows.  

 

Double pane 

windows 

Triple pane 

windows 

 

Tin Tout ΔT AREA(m
2
) 

U-value 

(W/m
2
 

ºC) Q(W) 

U-value 

(W/m
2
 

ºC) Q(W) 

January 23 -5,1 28,1 80,54 3 6789 2 4526 

February 23 -4,9 27,9 80,54 3 6741 2 4494 

March 23 -2,2 25,2 80,54 3 6089 2 4059 

April 23 3,3 19,7 80,54 3 4760 2 3173 

May 23 8,7 14,3 80,54 3 3455 2 2303 

June 23 13,8 9,2 80,54 3 2223 2 1482 

July 23 16,6 6,4 80,54 3 1546 2 1031 

August 23 15,3 7,7 80,54 3 1860 2 1240 

September 23 10,7 12,3 80,54 3 2972 2 1981 

October 23 5,3 17,7 80,54 3 4277 2 2851 

November 23 0,9 22,1 80,54 3 5340 2 3560 

December 23 -2,1 25,1 80,54 3 6065 2 4043 

 MEAN 

 

4343 

 

2895 
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Table 2: Comparison of heat gained by radiation between triple-pane and original 

windows. 

 

N: -150° 

Double-pane  Triple-pane  

Latitude                                      

60°C 

DAY Value 

(Wh/m2) 

AREA(m2) Cloudy 

factor 

Calculation 

Factor 

Eradiation 

(KWh) 

Calculation 

Factor 

Eradiation 

(KWh) 

January 31 130 19,11 0,45 0,8 27,72 0,72 24,95 

February 28 370 19,11 0,49 0,8 77,61 0,72 69,85 

March 31 900 19,11 0,58 0,8 247,39 0,72 222,65 

April 30 1990 19,11 0,58 0,8 529,36 0,72 476,43 

May 15 3050 19,11 0,63 0,8 440,64 0,72 396,57 

June 0 0 19,11 0 0,8 0 0,72 0 

July 0 0 19,11 0 0,8 0 0,72 0 

August 0 0 19,11 0 0,8 0 0,72 0 

September 15 1230 19,11 0,58 0,8 163,6 0,72 147,24 

October 31 530 19,11 0,51 0,8 128,1 0,72 115,29 

November 30 200 19,11 0,42 0,8 38,53 0,72 34,67 

December 31 80 19,11 0,43 0,8 16,3 0,72 14,67 

 Total 

 

1669,25 

 

1502,33 

 

 

E: -60° 

Double-pane  Triple-pane  

Latitude                                      

60°C 

DAY Value 

(Wh/m2) 

AREA(m2) Cloudy 

factor 

Calculation 

Factor 

Eradiation 

(KWh) 

Calculation 

Factor 

Eradiation 

(KWh) 

January 31 1440 29,35 0,45 0,8 471,67 0,72 424,5 

February 28 2900 29,35 0,49 0,8 934,22 0,72 840,8 

March 31 4520 29,35 0,58 0,8 1908,21 0,72 1717,39 

April 30 5850 29,35 0,58 0,8 2390 0,72 2151,03 

May 15 6150 29,35 0,63 0,8 1364,6 0,72 1228,14 

June 0 0 29,35 0 0,8 0 0,72 0 

July 0 0 29,35 0 0,8 0 0,72 0 

August 0 0 29,35 0 0,8 0 0,72 0 

September 15 4820 29,35 0,58 0,8 984,61 0,72 886,15 

October 31 3570 29,35 0,51 0,8 1325,25 0,72 1192,73 

November 30 1910 29,35 0,42 0,8 565,07 0,72 508,56 

December 31 1060 29,35 0,43 0,8 331,77 0,72 298,59 

 Total 

 

10275,4 

 

9247,88 
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S: 30° 

Double-pane  Triple-pane  

Latitude                                      

60°C 

DAY Value 

(Wh/m2) 

AREA(m2) Cloudy 

factor 

Calculation 

Factor 

Eradiation 

(KWh) 

Calculation 

Factor 

Eradiation 

(KWh) 

January 31 2360 3,51 0,45 0,8 92,45 0,72 83,2 

February 28 4280 3,51 0,49 0,8 164,89 0,72 148,4 

March 31 5740 3,51 0,58 0,8 289,8 0,72 260,82 

April 30 6370 3,51 0,58 0,8 311,23 0,72 280,11 

May 15 5980 3,51 0,63 0,8 158,68 0,72 142,81 

June 0 0 3,51 0 0,8 0 0,72 0 

July 0 0 3,51 0 0,8 0 0,72 0 

August 0 0 3,51 0 0,8 0 0,72 0 

September 15 5760 3,51 0,58 0,8 140,71 0,72 126,64 

October 31 4960 3,51 0,51 0,8 220,2 0,72 198,18 

November 30 3040 3,51 0,42 0,8 107,56 0,72 96,8 

December 31 1770 3,51 0,43 0,8 66,25 0,72 59,63 

 Total 

 

1551,77 

 

1396,6 

 

 

 

W: 120° 

Double-pane  Triple-pane  

Latitude                                      

60°C 

DAY Value 

(Wh/m2) 

AREA(m2) Cloudy 

factor 

Calculation 

Factor 

Eradiation 

(KWh) 

Calculation 

Factor 

Eradiation 

(KWh) 

January 31 160 28,57 0,45 0,8 51,01 0,72 45,91 

February 28 640 28,57 0,49 0,8 200,69 0,72 180,62 

March 31 1720 28,57 0,58 0,8 706,84 0,72 636,15 

April 30 3320 28,57 0,58 0,8 1320,35 0,72 1188,31 

May 15 4460 28,57 0,63 0,8 963,31 0,72 866,98 

June 0 0 28,57 0 0,8 0 0,72 0 

July 0 0 28,57 0 0,8 0 0,72 0 

August 0 0 28,57 0 0,8 0 0,72 0 

September 15 2200 28,57 0,58 0,8 437,46 0,72 393,72 

October 31 1010 28,57 0,51 0,8 364,97 0,72 328,47 

November 30 270 28,57 0,42 0,8 77,76 0,72 69,98 

December 31 90 28,57 0,43 0,8 27,42 0,72 24,68 

 Total 

 

4149,81 

 

3734,83 
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