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Abstract 
 

This project aims to study the solar heat gain in Hamrånge church which is 

located in Bergby, near the eastern cost of Gävle, mid Sweden. The major focus is to sort 

out the magnitude of different energy parameters in order to get a hint of potential energy 

savings in the church. Thereby, it comprises a detailed analysis regarding transmission 

and air infiltration losses; theses based on a larger project called Heat balance of a 

historical stone church. All the way through the thesis, it is carefully considered the 

preservation and conservation of historic buildings specially promoted by The Swedish 

Energy Agency. 

 

Regarding the method used, the main instrument used for measuring global and 

diffuse radiation as well as sunshine duration was a SPN1 pyranometer, which was 

located horizontally on the top of the the church roof. In addition, a data logger was used 

to record the data over 1 year, from 1st of October of 2013 to 30th of September of 2014. 

 

Thus, solar heat gain was monthly calculated and the total amounted to 44 

MWh/year. Moreover, it has been clarified that the most part of the theoretical energy 

needed by the church (242 MWh/year) is due to transmission losses and therefore, in 

summer period solar heat gain reduces a higher amount of energy than in winter. 

Nevertheless, extra heating is needed in winter period whereas an extra cooling demand 

in summer. Additionally, it has been paid a particular attention to the transmission losses 

through the windows. They contribute an insignificant factor in total heating power but 

they are closed and inversely related to the solar heat gain. 

 

The major conclusion is the following one: Taking advantage of the solar heat 

gain reduces the energy consumption of the buildingConsequently, passive solar building 

design aims to maximize solar gain within the building design in the winter, to reduce 

space-heating demand and to control it in summer, to minimize cooling requirements. For 

that purpose, the building can optimize the heat gain by using natural energy flows 

through air and material as radiation, conduction, absorptance and natural convection.  
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1 INTRODUCTION 

To introduce this thesis is important to consider a system thinking from the 

total world energy use to the specific research that is analysed in this report. To start with, 

energy can never be destroyed or consumed, but only converted. The total quantity of 

energy used must therefore always be balanced by a corresponding quantity of energy 

supplied. The supply of energy in Sweden is increasing more rapidly than the demand for 

it, but this is a statistical effect due to certain losses having been moved from user side to 

the supply side (Dahlberg, 2011). 

 

Total energy supply in 2010 amounted to 616 TWh: of this, total final 

energy use in industry, transport and the residential sector amounted to 411 TWh. 

Besides, the last sector consumes 166 TWh out of this amount. Of great importance are 

so the different means which promote energy efficiency for the building sector, 

specifically for this thesis, promote energy efficiency for historic buildings as churches. 

 

A variety of policy instruments are employed to influence energy 

conservation in those buildings (Toller, 2011). Some of the more important are building 

regulations, energy performance certificates, and financial support. In May 2011, an 

updated version of the building regulations, BBR18, entered into force. The Swedish 

National Board of Housing, Building and Planning intends to tighten requirements further 

for energy conservation (Curman, 2010). 

1.1 Preservation and conservation of historic buildings 

The Swedish National Heritage Board is the agency of Swedish 

government that is responsible for heritage and historic environment issues. Their mission 

is to play proactive, coordinating role in heritage promotion efforts and to ensure that the 

historic environment is preserved in the most effective possible manner (Olla, 2013). The 

main objective includes encouraging three followings: 

 

! Preservation and protection of the historic environment; 

! Respect for the heritages of different groups 

! Appreciation of, commitment to, and the assumption of responsibility for one´s 

own heritage. 
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This effort empowers the evolution of a sustainable society. Although the 

current society needs high-energy consumption, the challenge for it consists on 

looking for the sustainable development avoiding the waste of energy.  

 

However, the heavier demands that society now places on the efficient 

management of resources in general and energy in particular, is connected to the use 

and thus preserve historic buildings and their interiors (Isacson, 2103). The more 

energy prices are rising, the more people insistence on indoor comfort. Consequently, 

historically valuable buildings stand the risk of being properly heated and, ultimately, 

either abandoned or vulnerable to damage.  

 

Energy efficiency is an issue that brings the trade-off between aspects of 

use and preservation. On one hand, interventions for energy efficiency facilitate long-

term use as it makes it possible for buildings to be heated at a lower running cost. On 

the other hand, the installations may have both a physical and a visual impact on the 

cultural heritage value of the building. 

 

Conversely, while none transformations may protect the buildings’ cultural 

heritage values in the short term, there is a danger that such a decision will make 

them less attractive for long-term use and thus limit opportunities for their 

preservation. Therefore, economically and ecologically sustainable heating solutions 

must therefore be found that make it possible to use the buildings without 

jeopardizing their cultural heritage value. 

 

In order to promote a sustainable use and preservation of historic buildings 

The Swedish Energy Agency instituted a National Research Program for Energy 

Efficiency in Historic Buildings. Social, economic and environmental aspects are 

deeply analysed in the program. 

 

This thesis is a part of a larger project called Heat Balance of a historical 

stone church. It comprises a detailed analysis regarding other two theses based on 

transmission losses (Galarraga, 2014) and air infiltration losses (Arístegui, 2014). 

Hence, a comparison between them is studied in order to sort out the magnitude of 

the different energy parameters, thus getting a hint of potential energy savings in the 

church. 
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1.2 Description of the church 

Hamrånge Church is located on a hill in Bergby, near the eastern cost of 

Swedish mainland, a small community 35 km north away from Gävle. The historical 

stone building was erected in 1847-1854. It is exactly situated in N 60º 55.627’ E 17º 

2.340’ and the main tower is directed 20º towards west. Figure 1 below shows the 

overview of the church 

 

 
Figure 1. Hamrånge Church. 

 

The dimensions are roughly 41x 16.6 x 11.5 m and the volume of the big 

hall is 7623 m3 (Mattsson, 2014). It has 1.5 m thick stonewalls, plastered on inside and 

outside and interior space is filled with stones and lime mortar. The wooden ceiling 

construction is provided with an additional external insulation of 400 mm of mineral 

wool. The attic is unheated and naturally ventilated.  

 

A wooden floor separates the church hall from the crawlspace, allowing 

abundant exchange of air and moisture between these two spaces. All the windows in 

Hamrånge church are double-glazed windows and in the unheated porch space and tower 

are however only single-glazing. 
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 Which make distinctive to the church is the interior architecture; a main 

apse and a half dome are centred in the principal corridor of the church. The following 

figures show both interior rear and front side of the building.  

 

 
Figure 2. Interior rear of the church. 

 

 
Figure 3. Interior front of the church. 
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The church is naturally ventilated and it is provided with no supply and 

extract mechanical ventilation. It is situated in a high latitude are and the need for cooling 

is limited. Considering the winter in Scandinavian countries, the amount of heat needed is 

considerable. Therefore, electric radiators and bench heaters are used for heating system 

as it is shown in figures 4 and 5.  

 

  
Figure 4. Bench heater.                                    Figure 5. Electric radiator 

 

These devices produce different convective air currents and downdraughts 

along walls and windows (see Figure 6). These air movements affect both, heat 

distribution and thermal comfort. And consequently, energy performance of the church 

and heat consumption is affected. Indoor temperature keeps the value of 12 ºC when no 

event is on it. 

 
Figure 6. Heating system. 

 

This thesis is focused on a church, but the conclusions are applicable to 

other similar historical and monumental buildings that are large, leaky and naturally 

ventilated regarding heat losses and air infiltration (Andrén, 2013). 
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1.3 Scope of the thesis 

The main aim of this project is to sort out the magnitude of different 

energy parameters in order to get a hint of potential energy savings in the church. This 

thesis is deeply focused on the solar heat gain in the building envelope and it comprises a 

detailed analysis regarding transmission and air infiltration losses. Of particular 

importance is the study of the heat balance, since the total heating power generated will 

determine the amount of the solar radiation needed to minimize the energy consumption. 

Moreover, it will be valuable for implementing efficient energy savings in the future. 

 

Additionally, it should be mentioned that none new renewable energies are 

used to reduce energy consumption. Solar heat gain is the principal contributor to the 

reduction of the energy consumption and thus, to benefit the indoor living comfort (Yang, 

2014). Solar radiation is continuously emitting electromagnetic radiation, and in that way 

it has an enormous potential for being an effective approach to minimize energy 

consumption (Danov, S). Below, clear research questions that involves the principal aim 

of the project are shown: 

 

• Estimate total solar radiation gain for the church during 1 year, 

from 1st of October of 2012 to 30th of September of 2013. 

 

• Comparison between solar heat gain and, transmission and air 

infiltration losses: 

 

o Is the solar heat gain insignificant or an important factor in 

the heat balance? 

 

o What is the corresponding magnitude to the transmission 

heat loss through the windows?  

 

o How do the windows affect the total heating need, when 

considering both irradiation and transmission? Do it loses 

more than it wins? 
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Hence, solar heat gain is thoroughly analysed in this thesis with its 

corresponding calculations. Those are based on solar window distribution and orientation, 

and on measured irradiance on the roof. The measured irradiance is after compared with 

downloadable estimation from Swedish Meteorological and Hydrological Institute 

(SMHI, STRÅNG model). Besides, a comparison of occasional solar gain with drop in 

heating power is included. 

 

Specific measurements are needed before calculations. For that purpose 

there are several measuring instruments among the church; Grant-Logger is a mast with 

11 thermistors vertically placed for measuring indoor air temperature. 7 thermistors are 

situated vertically on the wall and 2 on window surface. Also temperature and relative 

humidity loggers are located in organs, crawlspace, attic, tower and outdoors. Apart from 

that, and provided by the Swedish Energy Agency, weather data gives values such as 

temperature, relative humidity, wind, precipitation and solar radiation as well as total 

heating power data.   

 

Concretely in this project, the principal device for measuring all the data 

from the solar radiation is a sunshine pyranometer. Placed on top of the church roof, the 

instrument is called SPN1 pyranometer from Delta-T Devices Ltd. (Cambridge, UK). It 

measures total and diffuse radiation as well as sunshine duration. Samples of them are 

taken every 2 minutes with a data logger. The system for measuring solar radiation is 

deeply explained in the next chapter of the report.  

 

Once having being introduced how important the energy is for the society 

and after the purpose has been clearly explained, the structure of the report must be 

defined. Firstly, this chapter has clarified the place of the project as well as its scope. The 

next part is included to present theoretically the basics of the solar radiation and sunshine 

pyranometer in depth. Thirdly, method describes the way of work in the research study, 

that is the procedure of getting data as well as the procedure for the calculations. After, 

results are presented and specifically divided into 4 parts. To finish, after having been 

discussed the results and the strengths and weaknesses of the work, a conclusion of the 

project is written together with some suggestions. 
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2 THEORY 

In this section some important concepts are theoretically described in order 

to understand better the research study done. Three main topics as solar radiation, SPN1 

pyranometer and Data Logger are below defined. 

2.1 Solar radiation 

The sun´s structure and characteristics determine the nature of the energy it 

radiates into space. The first major topic in this chapter concerns the characteristics of this 

energy outside the earth´s atmosphere, its intensity, and its spectral distribution. The 

second major topic is solar geometry, that is, the position of the sun in the sky and the 

direction in which beam radiation is incident on surfaces of various orientations (Duffie 

and Beckman, 2006). 

 

 The sun is a sphere of intensely hot gaseous matter with a diameter of 1.39 

x 109 m and is, on the average, 1.5 x 1011 m from the earth. As seen from the earth, the 

sun rotates on its axis about once every 4 weeks. However, it does not rotate as a solid 

body; the equator takes about 27 days and the Polar Regions take about 30 days for each 

rotation. The sun has an effective blackbody temperature of 5777 K1. The temperature in 

the central interior regions is variously estimated at 8 x 106 to 40 x 106 K and the density 

is estimated to be about 100 times that of water. The sun is, in effect, a continuous fusion 

reactor with its constituent gases as the “containing vessel” retained by gravitational 

forces. Several fusion reactions have been suggested to supply the energy radiated by the 

sun. The one considered the most important is a process in which hydrogen (i.e., four 

photons) combines to from helium (i.e., one helium nucleus); the mass of the helium 

nucleus is less than that of the four protons, mass having been lost in the reaction and 

converted to energy. 

  

 The energy produced in the interior of solar sphere at temperatures of 

many millions of degrees must be transferred out to the surface and then be radiated into 

space. A succession of radiative and convective processes occurs with successive 

                                                        
1 The effective blackbody temperature of 5777 K is the temperature of a blackbody radiating the same amount 

of energy, as does the sun. Other effective temperatures can be defined, e.g. that corresponding t the 

blackbody temperature giving the same wavelength of maximum radiation as solar radiation (about 6300 K). 
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emission, absorption, and reradiation: the radiation in the sun´s core is in the x-ray and 

gamma-ray parts of the spectrum, with the wavelengths of the radiation increasing as the 

temperature drops at larger radial distances. 

 

 In addition to the total energy in the solar spectrum, it is useful to know the 

spectral distribution of the extra-terrestrial radiation, that is, the radiation that would be 

received in the absence of the atmosphere. A standard spectral irradiance curve has been 

compiled based on high-altitude and space measurements. The World Radiation Center 

standard is shown in Figure 7. 

 
Figure 7. The WRC standard spectral irradiance curve at mean earth-sun distance. 

 

 Furthermore, several definitions will be useful in understanding the 

balance of this section. 

 

 Beam Radiation. The solar radiation received from the sun without 

having been scattered by the atmosphere. Beam radiation is often referred to as direct 

solar radiation; to avoid confusion between subscripts for direct and diffuse, the term 

beam radiation is used among this report. 

 

 Diffuse Radiation. The solar radiation received from the sun after its 

direction has been changed by scattering by the atmosphere. Diffuse radiation is referred 

to in some meteorological literature as sky radiation or solar sky radiation.  
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Total Solar Radiation. The sum of the beam and the diffuse solar 

radiation on a surface.2 The most common measurements of solar radiation are total 

radiation on a horizontal surface, often referred to as global radiation on the surface. 

 

Irradiance, W/m2. The rate at which radiant energy is incident on a 

surface per unit area of surface. The symbol G is used for solar irradiance, with 

appropriate subscripts for beam, diffuse, or spectral distribution. The next figure shows 

the difference between beam and diffuse radiation. 

 

 
Figure 8. Schematic diagram illustrating the behaviour of a horizontal SPN1. 

 

 Consequently, this is the first equation to work with: 

   

Gtotal = Gbeam+ Gdiffuse + Greflected   [1] 

 

 Measurements of solar radiation is normally performed for direct radiation 

perpendicular to the sun, Gb,n. Hence, a horizontal SPN1 receives a component of the 

normal irradiance as it is shown in the Figure 9. 

 

Gb,n x cos !    [2] 

 

 

                                                        
2 Total solar radiation is sometimes used to indicate quantities integrated over all wavelengths of 

the solar spectrum. 
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Figure 9. Irradiance received by a horizontally tilted SPN1 sensor. (direct = beam) 

 

As direction of the angle ! is needed, the direction of the beam radiation 

has to be clearly explained. The relationships between a plane of any particular 

orientation relative to the earth at any time (whether that plane is fixed or moving relative 

to the earth) and the incoming beam solar radiation, that is, the position of the sun relative 

to that plane, can be described in terms of several angles (Benford and Bock, 1939). 

Some of the angles are indicated in Figure 10. The angles and a set of consistent sign 

conventions are as follows: 

 

 
Figure 10. Zenith angle, slope, surface azimuth angle, and solar azimuth angle for a 

tilted surface. 

 

"  Latitude, the angular location north or south of the equator, north 

positive; -90º # " # 90º. 

$  Declination, the angular position of the sun at solar noon respect to the 

plane of the equator, north positive; -23.45º # $ # 23.45º. 
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%  Slope, the angle between the plane of the surface in question and the 

horizontal; 0º # % # 180º. (% > 90º means that the surface has a downward-facing 

component). 

&  Surface azimuth angle, the deviation of the projection on a horizontal 

plane of the normal to surface from the local meridian, with zero due to south, east 

negative and west positive; -180º # & # 180º. 

'  Hour angle, the angular displacement of the sun east or west of the 

local meridian due to rotation of the earth on its axis at 15º per hour; morning negative 

and afternoon positive. It is represented by the following equation (hh = hours): 

' (º) = 15 x (hh – 12)   [3] 

!  Angle of incidence, the angle between the beam radiation on a surface 

and the normal to that surface. 

! z Zenith angle, the angle between the vertical and the line to the sun, that 

is, the angle of incidence of beam radiation on a horizontal surface. 

 

The declination $ can be found from the approximate equation of Cooper 

(1969),  

$ = 23.45 sin (360 (284 + n)/365)   [4] 

where the day of the year n can be conveniently obtained with the help of 

Table 1. 

 Table 1. Recommended n values by months. 

Month n for ith day of 

month 

For average day of month 

Date n $  

January i 17 17 -20.9 

February 31 + i 16 47 -13.0 

March 59 + i 16 75 -2.4 

April 90 + i 15 105 9.4 

May 120 + i 15 135 18.8 

June 151 + i 11 162 23.1 

July 181 + i 17 198 21.1 

August 212 + i 16 228 13.5 

September 243 + i 15 258 2.2 

October 273 + i 15 288 -9.6 

November 304 + i 14 318 -18.9 

December 334 + i 10 344 -23.0 
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 There is a set of useful relationships among these angles. Equations 

relating the angle of incidence of beam radiation on a surface, !, to the other angles are 

 

cos ! = sin " sin # cos $ - sin " cos # sin $ cos % + cos " cos # cos $ cos & + cos " sin # 

sin $ cos % cos & + cos " sin $ sin % sin &   [5]  

 

For vertical surfaces, % = 90º and the equation becomes 

 

cos ! = - sin " cos # sin $ cos % + cos " sin # sin $ cos % cos & + cos " sin $ sin % sin &           

[6]    

Considering the solar heat gain through the windows, calculations are 

mainly based on equation [6]. Therefore, the solar irradiance received by the windows is  

 

Gwindows = Gb,n x cos ! + Gdiffuse + Greflected   [7] 

 

Solar heat gain through the windows with corresponding factors due to 

extra characteristics of windows absorption is defined in the results of the project. 

 

2.2 SPN1 pyranometer 

Instruments for measuring solar radiation are two basic types; a 

pyrheliometer is an instrument using collimated detector for measuring radiation from the 

sun and from a small portion of sky around the sun (i.e., beam radiation) at normal 

incidence. In contrast, a pyranometer is an instrument for measuring total hemispherical 

solar (beam plus diffuse) radiation, usually on a horizontal surface. If shaded from beam 

radiation by a shade ring or disc, a pyranometer measures diffuse radiation. 

 

Most of the available data on solar radiation is obtained from these last 

instruments. The detectors for them must have a response independent of wavelength of 

radiation over the solar energy spectrum. In addition, they should have a response 

independent of the angle of incidence of the solar radiation. 

 

SPN1 pyranometer is the one used for measurements in Hamrånge church. 

This specific device from Delta-T Devices Ltd., is used for meteorological studies and 
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solar energy monitoring as well as for architecture and building design and automated 

solar thermal management of buildings. For this research, the instrument has been located 

horizontally on the top of the church roof. Next figure shows the device. 

 

 
Figure 11. SPN1´s location. 

The SPN1 Sunshine Pyranometer is one sensor with three output channels: 

 

1. Total (global) solar radiation. 

2. Diffuse radiation. 

3. Sunshine status. 

 

Figure 12 represents the graphical representation of the SPN1 readings 

logged over several days  

 
Figure 12. Upper chart: Total and Diffuse reading in W/m2 

    Lower chart: Sunshine status record as sunshine hours 

 

 Sunshine status defines whether the sun is shining at a given point in time. 

This is roughly equivalent to when the sun is bright enough to cast a shadow. The reading 

is 1 or 0, that is, either ON or OFF. More precisely, the Sunshine status output indicates 
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whether the energy in the direct beam exceeds the World Meteorological Organization 

standard threshold value of 120 W/ m2, using an algorithm based on the Total radiation, 

and the ratio of Total to Diffuse radiation. 

 

 Regarding SPN1´s working procedure, it uses 7 sensors on a hexagonal 

grid covered by a perforated hemispherical dome, called a shadow mask. The shadow 

mask design is unique. Generated by computer, using a specially designed evolutionary 

algorithm, it ensures that (Webb, 2011):  

 

• At least one sensor is always exposed to the full solar beam. 

• At least one is completely shaded from the direct beam. 

• All sensors receive equal amounts of Diffuse light from the rest of the sky 

hemisphere. 

 

The SPN1 measures short wave radiation between 400nm and 2700nm in 

W/m2. The measurement of Direct and Diffuse solar radiation normally require two solar 

pyranometers plus a computer-controlled sun-tracking shade disk. The SPN1 can do this 

with no moving parts, and is consequently a lot cheaper and arguably more reliable. 

Being also much smaller, and lighter, and not needing to aligned North, it is easier to set 

up. 

The response time is much faster, being less than 200 milliseconds, 

compared to up to 5 minutes for a standard thermopile solar pyranometer. In 

consequence, some customers have reported investigating the possibility of their use on 

moving cars, planes, and even buoys and boats. In such situations it is thought necessary 

to necessary to record the tilt and correct the data accordingly.  

 

The SPN1 matches or exceeds the ISO First Class standard and the WMO 

Good Quality standard for a solar pyranometer in all respects apart from the spectral 

response, which is accurate to ±10% over 0.4 to 2.7 µm. The comparison of SPN1 with 

WMO and ISO pyranometer standards is ahown in Appendix A. 
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Outputs 

The Sunshine Pyranometer provides 2 analogue voltage outputs for global 

and diffuse radiation, and a digital output for sunshine duration, which can be connected 

to data loggers, such as the Delta-T DL2e and GP1. Readings can also be obtained 

directly from the RS232 port. 

Heater 

An internal heater keeps the dome clear of dew, ice and snow down to 

20°C (in still air conditions), ensuring reliable readings in difficult climatic conditions.  

 

Design principles 

The principles used in the Sunshine Pyranometer have been tried and 

tested in the Delta-T BF3 Sunshine Sensor. The original design has been enhanced, using 

miniature thermopile sensors, a high quality ground glass dome and aluminium housing. 

The electronics have also been redesigned for higher accuracy and lower power 

consumption (the BF3 has since been upgraded to the BF5 model). 

The SPN1 computes direct radiation by subtracting the diffuse from the 

global (total) radiation. 

 

 More information about SPN1´s characteristics and the ordering 

information from the company are shown in the Appendices B and C.  Also, the 

calibration certificate is attached on Appendix D. 

2.3 Data logger 

The readings from the SPN1 can be provided as an analogue signal, 

suitable for data loggers, or a digital, serial signal suitable for a computer or modem. The 

Figure 13 on the next page shows both options in use. The data ends up on PC either way. 

Serial output is chosen when real-time data is needed. In contrast, if the main objective is 

to record data over a long period, analogue output is used, which is connected to data 

logger. The project carried out is related to this second connection. 

 

Thus, GP1 Data Logger from Delta-T Devices is a powerful data logger 

that provides a low cost logging solution for the SPN1 Sunshine Pyranometer Apart from 

the use in this field, it has applications on monitoring soil moisture and controlling 

irrigation (Delta-T Devices, 2009). 
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Regarding the configuration of GP1, it is supplied a free software that 

enables sensor checking and data collection from the logger. Collected data can be 

graphed directly in DeltaLINK or imported into Excel using the data importa wizard. In 

this case, measurements have been collected into Excel for further calculations and 

graphics.  GP1 Data Logger specifications are referred in Appendix E. 

 

 
Figure 13. SPN1+Data Logger  System overview. 

 

The real system of Hamrånge church is exactly situated in the attic, just 

below the pyranometer on the roof. See Figure 14. 

 

 
Figure 14. Real System overview. 
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3 METHOD 

Once solar radiation has been theoretically explained and hence, the 

system for collecting data defined, this section of the project will provide the way, step by 

step, of how data has been analysed. 

3.1 Procedure of the analysis 

To start with, any research study needs thorough procedure in its analysis. 

Therefore, before going into main calculations, data from instruments must be properly 

collected and organized. 

 

3.1.1. Data collection 

 

For the research of this project two main data sheet are 

needed. Firstly, the total heating power generated by the church has been 

provided by the Swedish Energy Agency. The values (kWh) are given 

every minute from June 2012 to September 2013 in a excel file. Secondly, 

there is data collected from the SPN1 sunshine pyranometer. In this case, 

the measurements are done every two minutes from June 2012 to October 

2013. Total radiation and diffuse radiation values are given in W/m2 and 

sunshine duration in hours. 

 

Moreover, a document based on building data is used where 

all the specific characteristics are defined. It includes plans and drawings 

of the church (see Appendix F.). In this thesis basically, windows’ data is 

needed. 

 

Not only the sources mentioned above are used, but also 

secondary data for the calculations. Those are archives and articles of the 

library or Internet as well, apart from fundamental books based on solar 

engineering of thermal processes.  
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3.1.2. Calculations 

 

Having established the data for calculations, solar heat gain through the 

windows has been studied. The last function used for the calculation of solar gain is based 

on equation [7]. The energy gained by the building comes from solar radiation through 

the windows. For this reason, it is closely related to the radiation received by these 

elements. Solar heat gain will complete the heat balance of the church by reducing the 

energy consumption of it. Therefore the following equation sums up what is mentioned 

above: 

 

Solar Heat Gain [W]= Irradiance received by the SPN1 [W/m2] x Awindows [m2] 

x Solar Heat Gain Coefficient [-] 

 

Solar Heat Gain [W] = (Gb,n x cos ! + Gdiffuse + Greflected ) [W/m2 ]  

x Awindows  [m2] x SHGC [-]     [8] 

 

It should be noticed that reflected irradiance does not contribute energy to 

the church. As pyranometer is located on a horizontal surface, the reflected irradiance is 

neglected in this case (see again Figure 8). Next explained solar heat gain coefficient 

complements the equation. 

 

• Solar Heat Gain Coefficient 

 

The second major energy-performance characteristic of windows is the 

ability to control solar heat gain through the glazing. Solar heat gain through windows is 

a significant factor in determining the cooling load of many buildings. The origin of solar 

heat gain is the direct and diffuse radiation coming from the sun and the sky (or reflected 

from the ground and other surfaces). Some radiation is directly transmitted through the 

glazing to the building interior, and some may be absorbed in the glazing and indirectly 

admitted to the inside. Some radiation absorbed by the frame will also contribute to 

overall window solar heat gain factor. Other thermal (non-solar) heat transfer effects are 

included in the U-factor of the window. A simplified view of the components of solar 

heat gain is shown in Figure 15 “adapted from (Berkeley, 2014)”. Heat gain includes the 

transmitted solar energy and the inward flowing components of absorbed radiation. 
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Window standards are now moving away from a previous standard 

referred to as Shading Coefficient (SC) to Solar Heat Gain Coefficient (SHGC), which is 

defined as that fraction of incident solar radiation that actually enters a building through 

the entire window assembly as heat gain. To perform an approximate conversion from SC 

to SHGC, multiply the SC value by 0.87. 

 

The SHGC is also affected by shading from the frame as well as the ratio 

of glazing and frame. The SHGC is expressed as a dimensionless number from 0 to 1. A 

high coefficient signifies high heat gain, while a low coefficient means low heat gain. 

 

Solar heat gain is influenced by the glazing type, the number of panes, and 

any glass coatings. Solar heat gain of glazing ranges from above 80% for uncoated water-

white clear glass to less than 20% for highly reflective coatings on tinted glass. The 

double-pane windows of Hamrånge church are estimated to have a SHGC of around 0.70 

(Brown, 2000). 

 

         
Figure 15. Components of solar heat gain.                 Figure 16. Double-glazing. 

adapted from (Brown, 2000) 

 

• Windows’ area 

 

Building data document gives the dimensions of the windows. The large ones are 

double-glazed window, with 15 cm between two 1.5 mm thick glasses. The size of 

the large window frame is; height = 4.7 m and width = 2.07 m. Window is divided in 

separate glasses and their size is; height = 522 mm and width = 401 mm. Figure 17 
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shows the design of them. In the unheated porch space and tower there is however 

only single-glazing. Those windows are not 

considered in the heat gain.  

 Drawings in Appendix F show the 

distribution of the windows in the building. 

Considering one symmetric side of the building, 

there are 6 completed windows and 2 half-

windows; one up to the main door and the other at 

the apse (see plan 3). Area calculation is based on 

the separate glasses of each window. A complete 

window has 30 separate glasses (approximation in 

the upper part is done). The window of the main 

door has 18 and the other one 14.  Hence, the area   

of all the glasses considered is 88.75 m2.  

  

Figure 17. Design of double-glazing window 

 

Awindows = 2 x [(30 x 6)+(14 + 18)] x 0.401 x 0.522 = 88.75 m2 

 

• Average of heating power and solar radiation 

 

Solar heat gain through the windows as well as electrical heating power is 

represented in the next chapter in 3 different ways. 

 

1. Total energy through 1 year-data (from 1st of October of 2012 to 30th of 

September of 2013) in kWh and every 1-hour. 

 

2. Monthly solar heat gain and monthly heating power [kWh]. 

 

3. Diagram of the variation in power [kWh] during two 5-day periods for the 

solar energy and of measured electrical heating power. 5-day period when 

it is cold, in this case 1st of February, and one when it is less cold but still 

some heating need, 1st of April. Both periods includes two or three sunny 

days.  
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As data provided is measured every one or two minutes, averages for each hour 

are calculated. Instead of averages, they are chosen the values for each hour on the dot 

(00.00, 01.00, 02.00…) with the help of excel. After that, all the values through the year 

are plotted in a diagram and monthly also. 

 

• Angles 

In the main equation [8], the calculation of cos ! is needed. This term depends on 

the angles defined at theory part. In addition, as solar heat gain is transferred through 

the windows, the surface considered is vertical, that is, equation [6]: 

 

cos ! = - sin " cos # sin $ cos % + cos " sin # sin $ cos % cos & + cos " sin $ sin % sin & 

  

 $ = 90º (vertical surface) 

 # = 61,1º (latitude = N 60º 55.627) 

% = -110º (before 12.00) or 70º (after 12.00) (Church tower is directed 

towards 20º west) 

& = 15 x (hh - 12) (i.e., hh = 0 if the solar heat gain is calculated at 00.00) 

" = f [n] (It is calculated every day regarding the Table 1.) 

 

3.2 Limitations 

Within the method it should be mentioned the limitations appeared through 

the analysis of the research: 

 

• Instead of calculating average of all the values in 1-h intervals, the value is 

established as the value at the dot hours. 

 

• Regarding the windows’ area, the windows of unheated porch space and tower 

are disregarded. In addition, an approximation of the separated glasses at the 

upper part of large windows is done. 

 

• Additionally, and due to the fact that there is an outside window recess, the 

shadow must be considered in the calculations. Hence, a shading coefficient is 

established for the solar heat gain coefficient (SHGC = 0.87 x SC). 
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4 RESULTS 

In the following section the results obtained after the analysis are referred. 

It is divided in four main parts as explained in the scope of the thesis; the analysis of the 

solar heat gain through the windows, a comparison with electrical heating power as well 

as a comparison with the estimation from the Swedish Meteorological and Hydrological 

Institute, and lastly the analysis of the heat balance of the church. 

4.1 Solar Heat Gain through the windows 

 To start with, the next diagram shows the values for the solar heat gain 

through the windows based on SPN1 data and considering the equation [8]. Those are 

defined in kWh for each hour during 1-year data established, from 1st of October of 2012 

to 30th of September of 2013. It should me mentioned that as SPN1 data gives values of 

global and diffuse radiation, direct radiation is defined as the subtraction between them.  

 

 
Figure 18. Solar Heat Gain during 01/10/2013 – 30/09/2013. 

 

 As further analysis is needed, monthly values of the heat gain are 

represented in Figure 19. Maximum and minimum gains are distinguished in the diagram 

in kWh. Corresponding data tables to all diagrams are included in Appendix G. 
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Figure 19. Solar Heat Gain per months during 01/10/2013 – 30/09/2013. 

  

 

 Referring to the study of solar radiation, SPN1 pyranometer gives a third 

data about the sunshine duration in hours. As the same as before, following figure shows 

the monthly values during 1-year data, in minutes. 

 

 
Figure 20. Sunshine duration in minutes per month. 
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It is clearly defined the evolution of the sun during the year. Logically, the 

sun shines more minutes at summer period than in winter. Provided by the Swedish 

Energy Agency, the summer periods considered for both years 2012 and 2013 are those: 

 

• Summer period 2012: 25th of March / 28th of October. 

• Summer period 2013: 31st of March / 27th of October. 

 

Having measured the solar heat gain, the total amount reaches the value of 

44 MWh/year. The variation is considered lineal, with minimum value on December and 

the maximum on July (see Figure 19.). The amount of solar gain increases with the 

strength of the sun. So referring to the sunshine duration, diagram 20. clearly defines how 

long the sun has been shining; 36 minutes in December and 623 in July. Thus, minimum 

heat gain has the value of 230 kWh comparing with 7840 kWh for the maximum in 

summer. That shows the closed relation of the solar heat gain and sunshine duration. 

 

4.2 Comparison between Solar Heat Gain and Total Heating Power 

This section is valuable for studying in which proportion the solar 

radiation contributes on minimizing the energy consumption. 

 

 
Figure 21. Solar heat gain Vs. Total heating power. 
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Comparing with the total heating power, the contribution factor of the 

solar energy to the electrical power should be pointed out. The less electrical energy 

demanded, the more the heat gained by the church (see Figure 21.).  

 

In this case the contribution of the solar heat gain amounts to 44380 kWh, 

while the electrical power raises the value of 225901 kWh. Hence, solar radiation reduces 

an annual average of 20% from the total heating power. However, it should be mentioned 

that heat gain values have been measured by SPN1 pyranometer. That involves 

inaccuracies as well as considering the windows’ area and the SHGC. For this reason, 

there is other method for data collection; solar radiation data collected from satellite 

observations (Bojanowski, 2103 and Tolabi, 2014). 

 

4.3 Estimation from SMHI-STRÅNG model 

Swedish Meteorological and Hydrological Institute provides data that is 

included in this section. Firstly, it is important to consider what is the main aim for them. 

SMHI's mission is to manage and develop information on weather, water and climate that 

provides knowledge and advanced decision-making data for public services, the private 

sector and the general public. SMHI aims to contribute to increased social benefit, safety 

and a sustainable society. 

 

In order to improve the knowledge of the spatial distribution of solar 

radiation quantities, SMHI, the Swedish Radiation Safety Authority and the Swedish 

Environmental Protection Agency financed a project to develop a system that could 

produce gridded solar radiation data. This system became known as STRÅNG (Carlund 

T.,SMHI, 2013). 

 

The model grid covers the geographic area of Scandinavia and the run off 

region of the Baltic Sea with a resolution of 11 x 11 km. A clear sky model, SMARTS2, 

is accompanied with a cloud effect function to compute the radiation under general 

atmospheric conditions. 

Calculations are performed daily for the day before. Hourly, daily, 

monthly and yearly data and charts are available for free from 1999 and onwards. The 

modelled radiation quantities are as follows: 
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• CIE-weighted UV radiation 

• Global radiation 

• Direct radiation 

• Sunshine duration 

• Photosynthetically active radiation 

 

Global radiation has been the main term to be compared, W/m2 for the 1-

year data established. Estimated values are shown in the next diagram and furthermore, 

compared with the measured global radiation by SPN1 pyranometer. Thus, getting the 

effectiveness of the device. 

 

 
Figure 22. Comparison of global radiation with SMHI-STRÅNG model estimation. 

 

 

In the following table is shown the difference in percentage between the 

global radiation measured by pyranometer and the estimated global radiation by SMHI.  

 

 

 

 



Heat balance of a historical church – Solar heat gain  
 Miriam Leire Herrero 

 

 28 

Table 2. Error % between measured and estimated global radiation 

Months Error % 

October ‘12 10 

November ‘12 17 

December ‘12 25 

January ‘13 17 

February ‘13 24 

March ‘13 18 

April ‘13 13 

May ‘13 13 

June ‘13 8 

July ‘13 5 

August ‘13 13 

September ‘13 17 

TOTAL 12 % 

 

The highest difference is founded for December and February with a value 

around 24 %, which is exactly related with the drops in the solar heat gain. It has been 

pointed out that every measured global radiation values are higher than the ones taken for 

the model. This fact is due to the precision of the instrument together with the 

approximation done for hourly averages values. As explained in the section for 

limitations, pyranometer measures the global radiation each 2 minutes. Taking into 

account hourly averages values as the dot hours (00:00, 01:00…) imply an error in the 

measurements and consequently, a difference with the estimation. Not only that, but also 

the calibration of the instrument and its corresponding maintenance contribute to more 

inaccuracies. 

 

 In more detail is analysed direct radiation for only one day, since it is for 

such data that the largest discrepancy can be expected.  
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Figure 23. Comparison of direct radiation with SMHI-STRÅNG model estimation on the 

1st of April. 

 

 Direct radiation difference between the STRÅNG model and SPN1 is quite 

obvious and considerable. Data collected from the STRÅNG model system exceeds that 

of SPN1 most of the time. However, for the STRÅNG data, the subtraction of direct 

radiation from global radiation, a negative result would come through diffuse values, 

which is impossible.  

 

 The separate simulation of global and direct solar radiation might cause 

this in the STRÅNG model system, which occasionally produces negative diffuse 

components. Under this circumstance, local solar radiation measurement equipment such 

as SPN1 pyranometer is well needed to establish more precise database according to 

direct solar radiation measurement results. In conclusion, local solar measurement 

devices like SPN1 is quite necessary to apply to improve the accuracy of the solar 

radiation database. 
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4.4 Heat Balance Analysis 

Of great importance is to analyse the heat balance of the church. Not only 

the solar heat gain is considered, but also the losses as air infiltration and transmission. 

This part among the results covers this main analysis. 

 

Following, a diagram of the variation in Power (kWh) during two 5-day 

periods for the three energy categories and of measured electrical heating power is 

defined. Both periods include 3 sunny days and are referred in 1-h intervals. The first 

period from 1st of February to 5th is chosen due to the cold period in winter. On the other 

hand, second period from 1st of April to 5th is less cold but still some heating needed.  

 

In similar 5-day diagrams, also the variation in Electrical heating power vs. 

“Theoretical” power needed (= Transmission losses + Air Infiltration losses – Solar heat) 

is referred for further discussion. 

 

However, a diagram for energies’ monthly values through the 1 year-data 

is represented before starting analysing each period. 

 

 
Figure 24.  Energy balance for 1 year-data. 
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It is visibly differentiated the variation not to mention each peak values 

(see Figure 25.). Total electrical heating power along with losses due to transmission and 

air infiltration have highest peak values on December and March. On the contrary, solar 

heat gain is minimum until July when it exceeds from the rest.  

 

The equation for the energy balance of the church is the following one:  

 

Q electrical power + Q solar  = Q transmission + Q ventilation   [9] 

 
Consequently, there is a theoretical power needed defined by Transmission 

+ Air Infiltration losses – Solar heat gain. Its calculation is necessary to implement the 

extra heating or cooling demand in the church. For discussion, next diagram is obtained 

based on Table 7 (see Appendix G). It defines the most distinguished points during the 

year; cooling is lightly needed in November and May (2827 kWh and 2208 kWh 

respectively) on the contrary to February (5773 kWh) and September (3525 kWh), where 

extra heating is significantly needed. 

 

 
Figure 25. Difference between Electrical heating power and theoretical power needed. 

 

 

  



Heat balance of a historical church – Solar heat gain  
 Miriam Leire Herrero 

 

 32 

Once an overview of energies through the year has been represented, 5-day 

intervals for winter and summer are analysed. 

!

• Period 1: 1st to 5th of February 2013 

!

 
Figure 26. Heat balance of the church in winter period. 

  

These values are useful for calculating what is the theoretical power 

needed by the church. That is, transmission losses + air infiltration – solar heat gain. 

Figure 27. shows the difference between the real electrical power generated and the 

theoretical needed. 

 

 
Figure 27. Electrical power Vs. Theoretical power needed in winter period. 
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 In the same way is studied the 2nd period. Following, the values for each 

energy category are defined by the theoretical power needed. And afterwards, the 

differences founded between both periods are deeply explained. 

 

• Period 2: 1st to 5th of April 2013 

 
Figure 28. Heat balance of the church in summer period. 

 

 
Figure 29. Electrical power Vs. Theoretical power needed in summer period. 

 

Previously defined, energy balance varies during the year and so, different 

period are remarked on. As explained before, cold period is firstly selected and secondly, 

less cold period but with still some heating demand. 
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 In the first period (winter), the most theoretical power needed is due to 

transmission losses, 3256 kWh out of 4230 kWh (a 77%). Those values are defined in 

Table 8. (Appendix G) according to the figures above. 

 

It should be pointed out that the more heating power rises the higher 

indoor temperature is. Besides, low outdoor temperature due to this period involves a 

higher temperature difference and so, higher transmission losses. Anyway, total amount 

of 1353 kWh of extra heating is needed in this first period (see Figure 27.) as the losses 

through air infiltration (1103kWh) increases the theoretical power needed. This is due to 

the fact that solar heat gain is minimum during this period (129 kWh). 

 

Regarding the second period (summer), equally to the first period, the 

theoretical power needed is mainly because of transmission losses, 3430 kWh out of 3703 

kWh. In addition, solar heat gain is higher in this period and it reduces the energy needed 

in such a value of 830 kWh.  

 

That is why, theoretical energy needed brings closer to the heating power 

value, 3688 kWh/period in this case (as shown in Table 9, Appendix G). However, the 

church still needs an extra heating of 15 kWh in those few days of April. Figure 29 

describes the variation of two energy categories. 

 

4.5 Comparison between Solar heat gain and Transmission losses 

through the windows 

This last section pays particular attention to transmission heat loss through 

windows. Above results show that solar heat gain is a significant factor in the heat 

balance. Not only considering that, of great importance is also the magnitude of the losses 

compared to the heat from sun irradiation. That is, how do the windows affect the total 

heating needed, when considering both irradiation and transmission.  

 

Following figure defines the variation of both solar heat gain and 

transmission losses trough windows in kWh per moths. 
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Figure 30. Comparison of solar heat gain and transmission losses trough windows. 

 

The figure above allows the analysis of how windows affect their 

transmission losses and heat gain, and consequently the heat balance of the church. As it 

is shown, diagram defines the corresponding magnitude of losses comparing with the heat 

gain during a year, a total amount of 26408 kWh out of 44380 kWh per 1 year-data. 

Logically, the more heat is lost through windows, the less solar heat is gained by those. 

Further explanation regarding windows’ U-value and SHGC is presented.  

 

In a way to analyse deeply the effect on windows, both heat gain and 

losses are selected for the fist period (1st to 5th of February). It has been selected the 

period of February due to less solar heat gain. 

 

Although losses are notably higher than heat gain, it should be pointed out 

that during daytime (approximately from 7:00 to 16:00 in that period) heat gain exceeds 

losses through windows, as shown in Figure 31. It is important to mention that the days 

considered come from a cold period. Hence, when considering how the windows affect 

the total heating needed in these days, church loses more than it wins. And related with 

the research before, an extra heating demand is clearly needed. 
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Figure 31. Comparison of Solar heat gain and transmission losses through windows for 

the 1st period. 
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5 DISCUSSION 

In the previous section has been concluded the contribution of the solar 

heat gain in the energy balance of the church. Nonetheless, several remarks are needed to 

clarify the results analysed. This chapter covers the aim of the thesis and the most 

important comments of the research done. The results obtained are pointed out with 

corresponding major findings.  

 

Starting with solar heat gain measured by pyranometer, it has been 

concluded that solar energy is closely related to sunshine duration. Therefore, the 

linearity of them during the year has been distinguished and it has been pointed out the 

solar heat gain per year. The total amount reaches the value of 44 MWh/year. This value 

would involve a price in Swedish electricity market of around 9320 !/year. Comparing 

with Spain, as the electricity price is a bit higher, the same amount would cost 9890 

!/year. The prices for electricity have been considered 0.2228 !/kWh and 0.2101 !/kWh 

respectively for Sweden and Spain (Europe´s Energy Portal, 2014). As a consequence, 

there would be efficient possibility to install a solar collector to take advantage of energy. 

 

The production of heat from solar collectors is now at a cost that can 

compete with most heating systems. The great advantage of solar energy is that the price 

can be calculated for a long time into the future, as the variable costs are very small. This 

means that solar energy is not dependant on oil prices or electricity market prices. 

 

 In order for photovoltaic cells to become a viable alternative for electricity 

generation then the price of solar cells must come down. Electricity from a good 

photovoltaic system can be generated for about 4 SEK/kWh. Therefore some form of 

support system is necessary. From 2005 to 2008 there has been a solar subsidy 

programme in Sweden supporting 70% of the total installation cost for photovoltaic 

plants on public buildings, which has led to a major development in the Swedish market 

(Adamsson, 2008). 

 

Referring now to the total heating power of the church, the contribution 

factor of the solar energy to the electrical power has been analysed. As shown in the 

previous section, the less electrical energy demanded, the more heat gain by the church. 

That is why in the context of passive solar building design the aim of the designer is 
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normally to maximize solar gain within the building design in the winter, to reduce space 

heating demand and to control it in summer, to minimize cooling requirements.  

 

Thermal mass is used to even out the fluctuations during the day, and some 

extent between the days (Blanco, 2004). Scientifically, thermal mass is equivalent to 

thermal capacitance or heat capacity, the ability of a body to store thermal energy. 

Therefore, materials are able to absorb and release heat at a rate roughly in step with 

buildings’ daily heating and cooling cycle. On warm summer days, walls and floors with 

thermal mass will steadily absorb heat at their surface, conducting it inwardly, and storing 

it until exposed to the cooler air of the evening/night. At this point, heat will begin to 

migrate back to the surface and be released. 

 

On the other hand, the daily cycle of absorbing and releasing heat 

continues on a year-round basis and can reduce the energy needed to keep a heavyweight 

building warm during winter period. This works through the ability of thermal mass to 

capture and recycle heat gains from south facing windows, along with those produced by 

lighting, people and appliances (Jeanjean, 2013). 

 

In this manner, there is a possibility to reduce energy consumption from 

the environment, the solar radiation. And considering that, this thesis has also included 

solar radiation data collected by SMHI, thus checking the efficacy of the values measured 

by the pyranometer. 

 

As referred before, SMHI within the STRÅNG model offers hourly, daily, 

monthly and yearly data and charts. It covers the geographic area of Scandinavia and it 

has been valuable to compare with the measured data. Global radiation per month is the 

first term that has been compared. As a conclusion, instrument´s calibration and 

approximations done during calculations are the responsible of the error.   

 

On top of that, it can be discussed that direct radiation difference between 

the STRÅNG model and SPN1 is quite obvious and considerable. Thus, SPN1 

pyranometer is well needed to establish more precise database according to direct solar 

radiation measurement results, as STRÅNG model occasionally produces negative 

diffuse values.  
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The following topic to be discussed is the heat balance of the church. 

Referring to all the energies implied on the balance, of great importance is to analyse 

each contribution and variation all over the year. Furthermore, data from other theses has 

been collected for manage the research on this subject: data of transmission losses and air 

infiltration losses.  

 

To sum up, extra heating is needed in winter period together with an extra 

cooling demand in summer. For this reason and not to implement extra systems in the 

church, it is concluded that is necessary to maximize solar gain in winter to reduce space 

heating and to control it in summer, to minimize cooling requirements.  

 

The diurnal changes in temperature and solar radiation imply challenges 

for maintaining thermal comfort. Passive and energy-conserving buildings look forward 

to manage the available thermal energy by lowering peaks and raising the minimum 

values in order to maintain conditions for human comfort. Thermal mass is one of the 

powerful tools that it can be used to control temperature (Haglund, 1995).  

 

The desired effects of thermal mass is the ability of absorption as well as 

storage for excess thermal energy when the building’s thermal load is high and release the 

energy when the load is low. This ability can mediate the diurnal temperature swings by 

absorbing excess heat by day and releasing it by night during both heating and cooling 

seasons. Appropriately sized thermal mass can help buildings manage their thermal 

energy resources when coupled with both passive heating. 

 

For buildings that use solar gain as a heating strategy, diurnal effects can 

be managed by absorbing the heat of the winter sun during the day, while keeping the air 

temperature moderate, and releasing the heat at night to prevent the reduction of the air 

temperature. For buildings that use forced or natural ventilation as a cooling strategy, 

diurnal effects can be managed by mass which absorbs the heat of internal building loads 

during the summer’s day (keeping the air cool) and the day’s accumulated heat is flushed 

by cool air each night (Ye, 2014). 

 

In order to be effective as a thermal mass, a material must have a high heat 

capacity, a moderate conductance, a moderate density, and a high emissivity. It is also 

important that the material serve a functional (structural or decorative) purpose in the 
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building. Masonry material as stone have a high capacity for heat storage, moderate 

conductance that allows heat to be transferred deep into the material for storage, high 

emissivity to allow absorption of more radiation than that which is reflected. In this case, 

stone has a heat capacity of 0.84 KJ/kg K-1. 

 

 While on this subject, it has been definitely proved that solar heat gain 

plays a significant role when talking about heat balance. The aim for this project is to 

point out the hint of potential savings following at the same time the preservation and 

conservation of historic building. Also, non-environmental savings are dismissed, for 

instance extra heating devices or chillers.  

 

 To finish with the thesis, another point to deal with is the relation of solar 

heat gain transferred trough windows with transmission losses trough them. Along these 

lines windows’ specifications should be analysed. When windows are rated for energy 

efficiency, the rate of non-solar heat that passes through is quantified as the U-factor, as 

opposed to SHGC, which quantifies the rate of solar heat that passes through the window. 

 SHGC and U-factor ratings are specific to windows and measure properties different 

from insulation R-values, which are used to quantify the insulating capabilities of 

building materials used elsewhere in a house, such as insulation behind walls, under 

floors, in an attic, etc. (Gromicko, 2010). 

 

Church’s windows are double-glazed and the U-value considered for 

losses is 2.8 W/m2K-1.  This overall heat transfer coefficient describes how well an 

element conducts heat or the rate of transfer. Hence, window losses are duly related to the 

low U-value. Consequently, SHGC has a value of 0.7 where 1 equals the maximum 

amount of solar heat allowed through a window. It involves the high amount of solar heat 

gain comparing with the losses during 1 year-data. 
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6 CONCLUSIONS 

After solar heat gain of the church have been analysed and deeply studied 

the contribution in the heat balance, the major conclusion is that solar energy has an 

important role to play on it. Taking advantage of the solar heat gain reduces the energy 

consumption of the building.  That is, a passive solar building makes the greatest use 

possible of solar gains to reduce energy use for heating and, possibly, cooling; by using 

natural energy flows through air and material as radiation, conduction, absorptance and 

natural convection. Consequently, a solar building design carefully can: 

 

• Maximize possible solar transmission and absorption in winter to minimize or 

reduce to zero the heating energy consumption, while preventing overheating. 

• Use received solar gains for instantaneous heating load and store the remainder in 

embodied thermal mass or specially built storage devices. 

• Reduce heat losses using insulation and windows with high solar heat gain 

factors. 

• Employ shading control devices or strategically planted trees to exclude summer 

solar gains that create additional cooling load. 

• Employ natural ventilation to transfer heat from hot zones to cool zones in winter 

and for natural cooling in the summer; use ground-source cooling and heating to 

transfer heat to and from the underground, which is more or less at a constant 

temperature, and utilize evaporative cooling. 

• Integrate building envelope devices such as windows, which include photovoltaic 

panels as shading devices, or roofs with photovoltaic shingles; their dual role in 

producing electricity and excluding thermal gain increases their cost-

effectiveness. 

 

A passive building emphasizes passive energy flows in heating and 

cooling. It can optimize solar heat gain in direct heat gain systems, in which windows are 

the collectors and interior materials are the heat storage media. In the case of the church, 

yearly an amount of 44 MWh of solar energy could be utilized.  

 

On the other hand, and referring to the transmission through the windows, 

its contribution to the total heating need is not as much as the total transmission losses 
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that take almost total energy needed. And considering both irradiation and transmission, 

church wins more than it loses during the year. However, extra heating is still needed in 

winter period together with an extra cooling demand in summer. 

 

To finish with, all above mentioned involves the main research questions 

referred in the aim of the project together with suggestions based on building design. 

Nevertheless, it should be taken into account also the large knowledge that has gained 

while working on this thesis.  
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Appendices 

 

A. Comparison of SPN1 with WMO and ISO pyranometer standars 

 

 
 

B. Specifications of SPN1 Sunshine Pyranometer 
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C. Ordering information 

 

 
 

D. Calibration Certificate 
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E. Specifications of GP1 Data Logger 
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F. Plans and drawings of the church 

Plan 1 

 
Plan 2 
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Plan 3 

 
 

G. Data tables. 

 

Table 3. Monthly values of Solar Heat Gain. 

Months Solar Heat Gain (kWh/month) 

October ‘12 1621 

November ‘12 527 

December ‘12 232 

January ‘13 499 

February ‘13 770 

March ‘13 3657 

April ‘13 5174 

May ‘13 7053 

June ‘13 7183 

July ‘13 7844 

August ‘13 5978 

September ‘13 3843 

TOTAL 44380 kWh/year 
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                Table 4. Sunshine duration per month. 

Months Sunshine duration (min) 

October ‘12 137 

November ‘12 92 

December ‘12 36 

January ‘13 104 

February ‘13 43 

March ‘13 486 

April ‘13 470 

May ‘13 531 

June ‘13 424 

July ‘13 623 

August ‘13 537 

September ‘13 357 

TOTAL 3838 min/year 

 

 

 

Table 5. Values for sun and power per months. 

Months Solar Heat Gain (kWh)  Total Heating power (kWh) 

October ‘12 1621  20737 

November ‘12 527  29457 

December ‘12 232  48231 

January ‘13 499  38266 

February ‘13 770  17098 

March ‘13 3657  38072 

April ‘13 5174  15947 

May ‘13 7053  10599 

June ‘13 7183  853 

July ‘13 7844  811 

August ‘13 5978  856 

September ‘13 3843  4975 

TOTAL 44380 kWh/year  225901 kWh/year 
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Table 6. Values for the global radiation. 

Months Measured radiation (W/m2)   SMHI global radiation (W/m2) 

October ‘12 34512  31010 

November ‘12 12320  10224 

December ‘12 4455  3326 

January ‘13 10434  8697 

February ‘13 20759  15729 

March ‘13 102071  83793 

April ‘13 129445  112030 

May ‘13 166294  144243 

June ‘13 158228  145549 

July ‘13 179002  169328 

August ‘13 144115  125365 

September ‘13 90449  75336 

TOTAL 1052084 W/m2 year  924632 W/m2 year 

 

 

 

Table 7. Monthly values for each energy in kWh/month. 

Months Heating 

Power 

 Transmission 

losses 

Air Infiltration 

losses 

 Solar heat 

gain 

October ‘12 20737  17146 5819  1621 

November ‘12 29457  19970 7187  527 

December ‘12 48231  33131 17625  232 

January ‘13 38266  27839 12929  499 

February ‘13 17098  17523 6119  770 

March ‘13 38072  33209 11946  3657 

April ‘13 15947  15809 4717  5174 

May ‘13 10599  12840 2605  7053 

June ‘13 853  7929 1155  7183 

July ‘13 811  8132 1131  7844 

August ‘13 856  8344 1326  5978 

September ‘13 4975  10136 2206  3843 

TOTAL (kWh/year) 225901  212008 74766  44380 
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Table 8. Total amount of each energy category during period 1. 

Energy category kWh/period 

Heating Power (+) 2877 

Solar Heat gain (+) 129 

Transmission losses (-) 3256 

Air Infiltration losses (-) 1103 

Total difference  -1353 kWh/period 

 

 

Table 9. Total amount of each energy category during period 2. 

Energy category kWh/period 

Heating Power (+) 3688 

Solar Heat gain (+) 830 

Transmission losses (-) 3430 

Air Infiltration losses (-) 1103 

Total difference -15 kWh/period 

 

 

Table 10. Monthly values for the diagram in Figure 30. 

Months Heat Gain (kWh/month)  Losses trough windows (kWh/month) 

October ‘12 1621  2366 

November ‘12 527  2625 

December ‘12 232  4524 

January ‘13 499  3756 

February ‘13 770  2354 

March ‘13 3657  3614 

April ‘13 5174  1924 

May ‘13 7053  1432 

June ‘13 7183  816 

July ‘13 7844  781 

August ‘13 5978  911 

September ‘13 3843  1306 

TOTAL 44380 kWh/year  26408 kWh/year 

 


