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Abstract 

The access to ideal heating and power techniques has always been highly thought after. 
This is mainly due to the development in housing architecture and the cold nature of 
certain regions which has led to an increase in popularity of the heating market and 
modernised heating technologies. The current DH systems make use of CHP plants for the 
generation of power and electricity. These CHP plants for the most part, are powered 
through biomass and during winter periods the demand for heating is highly increased. 
The biggest issue with relying on biomass solely is the constant need to burn waste 
products which not only results in increasing the demand for consuming in more waste, 
but also results in producing remains (by-products) that cannot be broken down further 
and hence might require the utilization of land-space (landfills) for their disposal.  Solar 
modules on the other hand, have gained increased popularity in the recent age. This is 
mainly due their extremely high flexible ability in converting solar irradiance into 
electrical and thermal energies.  This study will try to provide a comprehensive study into 
the utilization of a hybrid solar system that combines a standard PV module with a flat-
plate collector through estimating the energy demands for a simple housing within 
Sweden and China. This will be the main aim of the study, however the possibilities of 
integrating this hybrid solar system alongside current DH systems will mostly be 
discussed in the first sections to proof the possibility of executing such a system. The 
theoretical work carried out will only include simulations of having just separate, 
standalone PV and flat-plate collector modules. However, designing a hybrid solar and DH 
system will not be the major focus of this study. The results at the end of the report, 
concluded that the electrical production for the Swedish case were noticeably higher than 
that of the Chinese case in spite of maintaining the same load values through both cases 
and higher solar irradiation for the Chinese case. Due to PVsyst simulation constraints, 
the result show that the investment cost of the Swedish PV (electrical component) module 
was about 3.6 times greater than that of the Chinese which could possibly mean that the 
Swedish case has a bigger PV module area than the Chinese case in order to meet 
electricity demand monthly. However, when it came to the thermal energy production, it 
was possible to assume different collectors cases and hence an area of 7m2 was chosen 
for the Swedish perspective while an area of 4m2 has been considered for the Chinese 
case. The thermal useful energy values where then compared with heating demands for 
both of the cases. Finally, the thesis concluded that there was no requirement for having 
an integrated DH network within the standalone houses having small electricity and heat 
demand and hence, it might be more beneficial to have an integrated DH and solar system 
within more densely populated housing areas. 

  



Sammanfattning 

Efterfrågan på tillgången till idealisk uppvärmning och effektiva tekniker har alltid varit 
hög. Detta beror främst på utvecklingen inom arkitektur och den kalla naturen i vissa 
regioner som har lett till en ökad popularitet av värmemarknaden och moderniserade 
värmeteknologiert. De nuvarande fjärrvärme-systemen använder kraftvärmeverk för 
produktion av kraft och elektricitet. Dessa kraftvärmeanläggningar drivs till stor del 
genom biomassa och under vinterperioderna ökar efterfrågan på uppvärmning mycket. 
Det största problemet med att förlita sig på biomassa enbart är det ständiga behovet av 
att bränna avfallsprodukter som inte bara resulterar i att öka efterfrågan på konsumtion 
av fler avfallsprodukter utan också resulterar i att producera rester (biprodukter) som 
inte kan brytas ned ytterligare och därmed kan kräva användning av markutrymme för 
deponering. solar-moduler å andra sidan har ökat popularitet under de senaste åren. 
Detta beror främst på deras extremt höga flexibla förmåga att konvertera solbestrålning 
till elektrisk och termisk energi. Denna studie kommer att försöka tillhandahålla en 
omfattande studie av användningen av ett hybridsolsystem som kombinerar en standard 
PV-modul med en flatplate collector för att simulera en solar-modul samt caselera en 
fristående version genom att uppskatta energikraven för en enkel bostad i Sverige och 
Kina. Detta kommer att vara huvudmålet med studien, men möjligheterna att integrera 
detta hybrida solsystem tillsammans med nuvarande DH-system kommer mestadels att 
diskuteras i de första avsnitten för att bevisa möjligheten att utföra ett sådant system. Det 
teoretiska arbetet som utförs kommer endast att innehålla simuleringar av att bara ha en 
fristående PV- och flatplate collector module, men att utforma ett hybrid sol- och DH-
system kommer inte att vara huvudfokus för denna studie. Resultaten i slutet av 
rapporten drog överraskande slutsatsen att den elektriska produktionen för den svenska 
caselen var märkbart högre än den för den kinesiska caselen trots att de båda caselerna 
bibehöll samma belastningsvärden och högre solbestrålning för den kinesiska caselen. 
Detta kan förklaras av skillnaden i modulpriser vid simulering genom PVsyst där 
investeringskostnaden för den svenska PV-modulen (elektrisk komponent) var ungefär 
3,6 gånger större än den för kinesiska, vilket innebär att PVsyst antar ett större 
modulområde för svensk modul och därmed mer energiproduktion. Men när det kom till 
värmeenergiproduktionen, var det möjligt att anta olika samlarfall och följaktligen valdes 
ett område på 7m2 för det svenska perspektivet medan ett område på 4m2 har beaktats 
för den kinesiska och värmevärden för användbar energi där jämfördes sedan med de 
krav som krävs för uppvärmning i båda fallen. Slutligen drog avhandlingen slutsatsen att 
det inte fanns något krav på att ha ett integrerat DH-nätverk i de fristående husen och 
därför kan det vara mer fördelaktigt att ha ett integrerat DH och solsystem i tätare 
bebyggda bostadsområden. 
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Abbreviations  
DH- District Heating  
PVT cell or module- Photovoltaic Thermal Cell or module  
PV- Photovoltaic 
HfDH- Heat from district heating network 
HtDH- Heat to district heating network 
HP- Heat pump 
SH- Spatial heating  

Symbols 
Nomenclature symbols  
A- Area (𝑚2)  
C- Specific heat of air (J/kg °C) 
E- Energy (kWh) 
G- Solar irradiance (Wh/m2) 
h- Heat transfer coefficient (W/m2 °C)  
H- Collector height (m) 
k- Thermal conductivity (W/m °C) 
L- Length of collector plate (m) 
ṁ- Mass flow rate (kg/s) 
r- Solar panel yield (%) 
Re- Reynolds number 
PR- Performance ratio of PV cell 
𝑃𝑟- Prandtl number 
W-Width of the collector 
T- Temperature (°C) 
𝑈𝑏- Collector back loss coefficient (W/m2 °C) 
𝑈𝑡- Collector top loss coefficient (W/m2 °C) 
𝑈𝑙-  collector overall heat loss coefficient (W/m2 °C) 
𝑄𝑖- collector heat input (Wh) 
𝑄𝑜- heat loss (Wh) 
𝑄𝑢- useful energy (Wh) 
 

Greek Symbols  
𝜀- emissivity 
σ- Stefan-Boltzmann constant 
τ- Transmission coefficient 
α- absorption coefficient 
μ- dynamic viscosity 
η- efficiency 
 

Subscripts 
a- ambient 
b- back plate 
c- convection; collector 
f- fluid 
i- inlet 
o- outlet 
p- photovoltaic 
r- radiative 
s- sky 
w- wind  
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1 Introduction 

The deployment of solar modules has become a more popularized form of energy 
conservation in the current age. This technology has proved to be quite effective in 
providing the electrical and heating demands. As the generation of heat and electricity 
from a typical solar module is mainly reliant on the amount of incoming solar irradiance, 
it is fair to say that the energy produced is completely renewable. Moreover, the 
possibilities of implementing such a system were rarely considered; meaning that the full 
potential of these cells is yet to be tapped. In Sweden, for example; the government is 
always prompting towards finding new ways and methods to lead the country into 
becoming a fully sustainable and green society. According to the international Energy 
Agency (IEA); Sweden’s energy consumption rate per capita is about 12455.62 kWh, 
which is way larger than its European’s average counter part of about 5437.14 kWh. 
Furthermore, due to 54% of the energy being produced from renewable resources 
according to (Worlddata.info ,2019), the carbon footprint per capita (4.31 tons) is even 
lower than the European average of about 5.39 tons.  
 
If these solar modules were to be utilized, it would greatly reduce the need for using 
biomass and hence the excess biomass could be stored for later usage during periods of 
low solar irradiance, where the demand for heating is further required. Energy obtained 
by these solar modules would be at its peak during the summer and since these modules 
can generate heat as well as electricity, they are fully capable of covering the energy 
demands of the people. This thesis will try to introduce a brief study into the benefits and 
potentials of using these solar cells as energy modules and will also explore effects of 
implementing this proposal by considering two regions; Sweden and China. These solar 
modules will act as both heat and electrical energy suppliers. This study will present a 
broader look into providing the energy demands for a single, simple housing within these 
two countries. It will also discuss the currently utilized heating techniques (specifically 
DH) and how they compare to solar modules when it comes to providing heating demands 
for a simple housing. 

1.1 Background 

The main concept behind using DH acoording to a report by (Werner, 2017b),is to utilize 
resources that would rather be wasted in order to satisfy the heating demands and needs 
of the people through a heating network that makes use of distribution pipes. In the 
Swedish city of Halmstad for example, energy from waste products is used to provide 
multiple houses and business with energy. This process is mainly carried out by a 
municipal authority known as Halmstad’s Energi and Miljö (HEM). HEM is responsible for 
all the aspects of energy generation from biomass; starting from waste collection and 
classification, to energy production and delivery. However, the demand for more and 
more energy has become a never-ending dilemma, which has resulted in an increased 
demand for waste products. This one day could proof to be quite problematic. On the 
other hand, having integrated solar modules within existing DH networks would not only 
help in providing a backup system in case of any issues, but would also provide an 
additional source for both electrical and heat supplies. 
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1.2 Problem 

The current issue with the existing DH networks is that they rely heavily on energy 
generation from biomass. According to the IEA; in Sweden biomass accounts for almost a 
quarter of the Swedish energy supply. Although that biomass is considered a renewable 
form of energy, it still has some down comings. According to (Vassilev et al. 
2015), some of the major disadvantages associated with biomass include; damage to the 
natural ecosystem by means of deforestation, emission of bad odor and leaching of 
hazardous components during disposal and processing phases as well as high moisture 
content. On the other hand, solar energy is considered a cleaner and more sustainable 
energy source. This is mainly due to its flexible nature which upon setting up, does not 
actually require the input of additional resources and hence does not require the burning 
of other materials, which results in a very low carbon footprint. So, what sort of benefits 
could a solar system provide over DH and could both systems be used together 
simultaneously to produce a hybrid design?  

1.3 Purpose 

The purpose behind pursuing this topic is to try and provide a better understanding in 
introducing a system that contributes towards the future’s global resolution in becoming 
a completely green and eco-friendly society by prompting the use of solar modules from 
a different scope. It is commonly known that soalr modules in general are used for the 
conversion of solar energy into thermal and electric energies ;however, the potential of 
these modules is yet to be fully uncovered and by using them from a different perspective, 
it could provide a different persona on the way the engineering society perceives this 
technology. By doing so, it is safe to say that this creates an opening for using our present 
technologies in a more creative and efficient manner.   

1.4 Aim 

The main aim that would be achieved after conducting this research and at the end of the 
thesis is to try and provide a structured literature review into the current DH system 
present in Sweden and China and to provide a rough estimation of the heat an electrical 
energy demands for a simple housing within these two regions through computerized 
simulations.   

1.4.1 Benefits, Ethics and Sustainability  

The people who are suspected to benefit the most from this proposal are people living 
within single, standalone houses. Implementing this project would lead to an overall 
reduction in the emission of greenhouse gasses (as described earlier) by the reduction in 
the amount of bio-waste that is burned to generate heat and electricity. This in turn would 
lead to a more sustainable and prosperous ecosystem, ensuring a healthier community 
for generations to come. 
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1.5 Methodology 

This study will be purely based upon computer simulations and calculations. Some energy 
analysis will be carried out as well, in order to determine the effectiveness of this project 
and find out more about the best configurations and setups that will eventually yield the 
best results. Applications such as MATLAB, PVsyst, PVGIS etc. will be used in order to 
simulate real life scenarios and find the best results. It would also be very helpful to try 
and carry out some tests on an actual soalr modules to see the possibilities of relating real 
time results with the results obtained through simulations.  

1.6 Delimitations  

Some of the minor threats that might prove to be a bit problematic are: unpredictable 
changes in the weather conditions since the project is highly dependent on the amount of 
sunlight that could be obtained, the ability to integrate the solar modules with the existing 
DH network, the need for converters and transformers in order to make use of the 
electrical energy received.   

1.7 Outline (Disposition) 

In the next chapter, multiple articles in which hybrid solar technologies were considered 
are going to be discussed in hopes of understanding and grasping their functionality.  
The upcoming chapters will also include a look into mythologies and a comprehensive 
look into the work done during the course of writing this thesis. Some of the major goals 
that are to be achieved are: 

• Providing a rough simulation by creating a standalone PV case for a standard 
simple housing in order to calculate the electrical energy demands through using 
PVsyst in two different regions; Sweden and China.  

• Calculating the produced thermal energy through MATLAB by using a flat-plate 
collector alongside the results of the electrical component of the PVsyst, to imitate 
the functionality of a PVT module.  

 
However due to inaccessibility of actual PVT modules and limited software packages that 
were available to the author:  

• The obtained results might vary from that of the actual outputs obtained by a 
standard PVT module due to the fact that the electrical power produced by the PV 
cells (through PVsyst and PVGIS) does not include the heat energy analysis and 
production of the standard PVT module. 

• The heat energy obtained however, will be calculated through MATLAB by 
utilizing a flat-plate collector case and hence the electrical and thermal energies 
produced will be presented separately. This, however, means that the obtained 
results will not include losses that are similar to the ones obtained by a typical 
PVT module. 

• The reason behind doing so is the availability of these two programs while writing 
this thesis and due to the flexibility of PVsyst in providing clear graphical 
representations of the converted electrical energy based on the geographical 
location of the desired areas. 
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2 Theoretical Background 

Before considering the possibilities of implementing solar modules into a system, there 
has to be a study on the structure of the modules themselves and how their functionality. 
In this section the structure of a standard PV, thermal flat-plate and PVT modules will be 
discussed alongside their functionality and how they contribute in the conversion of the 
solar energy into electrical and thermal energies. After that, an overall review of the 
current DH markets that are present in two different regions (Sweden and China) will be 
presented. Finally, the energy consumption in a standard simple housing from these same 
regions will be presented and discussed.  

2.1 PV and thermal cases 

2.1.1 PV (electrical component) 

PV cells have become one of the most popular forms of transforming the incoming solar 
radiation to electrical energy. They do so by making use of semiconductors that help in 
absorbing the photons particles, creating a displacement voltage.  

 
Figure 1 The basic structure of a basic PV module. Source: Quaschning, V. (2016) 

 
According to (Yadav, 2019), the global formula to estimate the electricity generated in 
output of a photovoltaic system is: 
 
𝐸 = 𝐴𝑐 ∗ 𝑟 ∗ 𝐺 ∗ 𝑃𝑅                                                                                                                            (1) 
 
Where 𝐴𝑐  is the area of module, r is the solar panel yield, G is the incoming soalr irradiance 
and PR is the performance ratio (coefficient for losses). 

2.1.2 Flat-plate collector (Thermal component) 

Flat plate collectors are the most common thermal collectors for soalr water and spatial 
heating at homes. According to (Struckmann, 2008); they gather the sun's energy, 
transform its radiation into heat, then transfer that heat to a fluid (usually water or air). 
The solar thermal energy can be used in solar water-heating systems, solar pool heaters, 
and solar space-heating systems. According to (Struckmann, 2008); the useful thermal 
energy generated by a flat-plate solar collector is: 
 
Qu = Qi − Qo                                                                                                                                      (2) 
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Figure 2 Typical solar energy collector system. Source: (Struckmann, 2008) 

 
Where, Qu is the useful energy gain, Qi is the collector heat input and Qo is the heat loss 
by the collector. Qo can be expressed by: 
 
Qo = UlAc(Tc − Ta)                                                                                                                           (3) 
 
Where, Ul is the collector overall heat loss coefficient, Ac is the area of the collector and 
Tc  and Ta are the temperatures of the collector and surrounding (ambient) accordingly. 
 
Qi can also be expressed as: 
 
Qi = G(τα). Ac                                                                                                                                    (4) 
 
Where G is the intensity of solar radiation, τ is the transmission coefficient and α is the 
absorption coefficient of the plate.  
 
A measure of a flat plate collector performance is the collector efficiency (η) defined as 
the ratio of the useful energy gain (Qu) to the incident solar energy at an instantaneous 
period of time can be represented as follow: 
 

𝜂 =
𝑄𝑢

𝐴𝑐𝐺
                                                                                                                                            (5)                                                                                                                                

2.1.3 PVT modules  

PVT modules are special purpose hybrid panels that are built upon an integrated system 
through which electrical and thermal energies are produced simultaneously. According 
to (Khelifa et al. 2015), a hybrid energy system is a system that uses two or more power 
sources in order to maximize the overall efficiency.’  The way in which this process is 
carried out in a typical PVT module is through the conversion of photons and heat from 
the sun into electricity and heat simultaneously. They can be classified into two types; 
liquid-based and air-based. The integration of PV module, according to (Kim, 2014), 
within thermal collectors could cause higher temperatures in the PV module, and thus 
leads to a decrease in the efficiency of PVT collectors. In order to have better performance 
of air-based PVT collectors, it is necessary to extract the heat, in the form of hot or warm 
air from the PV module and thus decrease its temperature.  
 
For the sake of simplicity, the air-based case will be considered. A cross-sectional view of 
this case can be seen in Figure 3.  
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Figure 3 Cross-sectional view of PVT air-based collector indicating the heat transfer factors. 
Source: (Fudholi et al., 2018) 

2.2 District heating 

As discussed earlier in the first section and according to (Werner, 2017b); DH is to 
utilize resources that would rather be wasted in order to satisfy the heating demands 
and needs of people through a heating network that makes use of distribution pipes.  DH 
was first introduced in cities such as Lockport and New York in the 1870s and 1880s. 
Nowadays DH is considered to be a more popularized form of heating technology. This is 
mainly due to how effective and efficient the system is in terms of its operation, eco-
friendly nature, etc. Also, due it’s esthetic look and appearance, in terms of having the 
whole pipelining system hidden underneath the building’s structure which makes it an 
ideal method for heat delivery and distribution.  
 
When it comes to DH utilization; one of the major sectors that make use of this 
technology is the industrial branch, followed by residential and service sectors. This 
analysis can be summarized by Figure 4. 

  
Figure 4 Heat deliveries in various regions and countries for 2014 with respect to user 
categories, Source: (Werner, 2017b) 

 
Moreover, by taking a closer look into this figure; it’s noticeable that Russia leads the DH 
industry in terms of heat delivery, followed by China and the European Union. It is also 
noticeable that there is a very clear distinction between these three regions and the rest 
of the world. This could be due to the fact that these regions undergo extreme cold 
conditions during winter periods and hence the greater demand for heat. According to 
(Werner, 2017b); it has been said that, as of 2017, there have been an estimated number 
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of 80,000 systems worldwide with about 6000 systems in Europe alone. That is about 
7.5% of the total available systems.  
 
Just like any other heating system, DH requires a source from which the heat energy is 
obtained. This can be summarized in Figure 5. The total heat uses were about 74 EJ from 
a worldwide perspective and 10EJ from the European one. Figure 5 also shows that 
combustible renewables (such as forest woods) occupy the highest amount of the total 
global sources of about 36%. On the other hand, for the European case, the major source 
of heat income is within the natural gas, covering a staggering 42% of the total heat 
sources within the European Union. The lowest contributing sectors are the geothermal 
and the solar/wind classes, which correspond to about 1% and 3% of the total global 
heating demands respectively.   

 
Figure 5 Estimated proportions of all heat use in residential and service sector buildings in 
the world and in the current European Union during 2014 based upon energy supply. 
Source: (Werner, 2017b) 

 
It is fair to assume that when it comes to DH, minimal efforts were taken towards utilizing 
the solar energy supply as when compared to the other sectors.  
The Same article also presented the heat sources for DH systems, again within both global 
(Figure 6) and the European-Union (Figure 7) perspectives between the years of 1990 
and 2014. In both cases recycled heat from fossil CHP and industries dominates the scene 
greatly.  
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Figure 6 Heat supplied into all district heating systems in the world 1990-2014 according 
to four different heat supply methods. Source: (Werner, 2017b) 

 
The paper also indicated that about 50% of CHP plants in both Russia and China 
influences low world level of recycled heat (since both countries act as major contributors 
or cover up a major share within the global heating markets). These low proportions act 
as an indication that the basic concept of DH, discussed earlier at the begging of this 
section, has not been met. On the other hand, the European Union has higher proportions 
of both recycled heat (72%) and renewable heat (27%) compared to the global scene with 
proportions of recycled heat of 56% and renewable heat of 9%. 

 
Figure 7 . Heat supplied into all district heating systems in the current European Union 
1990-2014 according to four different heat supply method. Source: (Werner, 2017b) 
 

 
After taking a look at the basic concept of DH and getting a comprehensive overview of 
the heating sources from both global and European (European-Union to be more precise) 
perspectives, it’s time to introduce a brief look into the different DH generations that were 
produced throughout the years. All the obtained information for this cause was acquired 
from Lake, (Beyerlein, 2017).  
 
The First generation of DH was introduced around the year 1880. The primary transport 
fluid for heat within these DH systems until the 1930s was steam; this system uses pipes 
in concrete ducts with steam traps and compensators. However, steam at very high 
temperatures produces large amounts of heat losses and poses a risk due to it 
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experiencing tremendous amounts of high pressure which, in the worst-case scenario, 
could lead to steam explosions. These first systems were often used in apartment 
buildings to reduce the risk of another form of explosions, but only this time was due to 
boilers. For the second generation of DH, the transport systems made use of pressurized 
hot water using water pipes in concrete, shell-and-tube heat exchangers and large valves.  
 
This technology however, showed inability to provide control for the heat demand but 
showed improvement in fuel savings. In the 1970s the third generation of DH systems 
was introduced. Through the utilization of pressurized water but at lower temperatures 
than the previous generation and often referred to as the “Scandinavian district heating 
technology” these systems featured prefabricated buried pipes, and compact substations 
and is currently the system in use throughout the developed world. Table 1 shows the 
common method of heat production and energy source associated with the technology 
period of the district energy system. 
 
Table 1  The different generations and energy sources of DH systems throughout the years 
Source: (Beyerlein, 2017) 

 1st Generation 2nd 
Generation  

3rd Generation  4th 
Generation  

Peak 
technology 
period 
  

1880-1930 1930-1980 1980-2020 2020-2050 

Heat- 
production 
energy source 

Steam boilers  
Coal  

CHP and heat-
only boiler  
Coal and oil 

Large-scale CHP 
Biomass, waste 
and fossil fuels  

Heat 
recycling 
Renewable 
sources 

 
As mentioned earlier, China relies on heat from non-renewable resources (mainly coal) 
for powering their DH systems. This of course is not only bad from an energetic and 
exergetic perspective (burning or wasting resources purely for the generation of just heat 
energy) but also acts as a major contributor in speeding up the process of global warming. 
Currently, countries within the European region are the leading users of DH systems and 
a number of countries within Europe have made noticeable improvements towards 
having fully sustainable DH systems. Sweden began a transition from oil-based district 
heating systems to coal-based systems in 1973 due to the oil crisis. Since then, Sweden 
has increased the use of biomass to topple off the current usage of fossil fuels consumed 
in DH. Several studies were carried out on sustainable energy within district heating 
technologies and it shows that further development is necessary to decrease losses, utilize 
synergies and enhance the efficiencies of low-temperature production. Using renewable 
energy alongside combined heat and power production is essential and having a futuristic 
vison for the overall competitiveness of DH systems is also a very crucial matter. The next 
modules within this section will introduce the two different DH cases from two different 
regions as mentioned earlier. These regions are Sweden and China. 

2.2.1 Sweden 

This subsection will be mainly based on a paper by (Werner, 2017a) which displays a very 
good summary of the evolution and the advances of DH within Sweden. Since the DH 
technology within Sweden shares a lot of similarities with the common standards this 
section will focus mainly on the economical perspective of DH as well as the different 
energy and heat sources within the Swedish heating market. 
 
The first DH system in Sweden was introduced in the year 1948 in the city of Karlstad. 
This was carried out by converting a thermal power station to a combined heat and power 



11 
 

(CHP) plant. Two years after that, nine other municipalities within Sweden decided to 
integrate DH within their cities and as of 2014 there has been about 500 functional 
systems in the whole of Sweden.  
 
Before the introduction of DH, the Swedish heating market was dominated by fuel oil 
boilers, which were very inconvenient in many aspects including economical, health, 
environmental, etc. Figure 8 presents the evolution within the market share for different 
energy sectors within Swedish heating market. 

 
Figure 8 Market shares for heat supply to residential and service sector buildings in Sweden 
between 1960 and 2014 with respect to heat delivered from various heat sources. Source: 
(Werner, 2017a) 

 
There’s a clear distinction in the relationship between fuel oil boilers and the emergence 
of DH. As DH evolved over the years, the popularity of fuel oil burners seemed to have 
staggered dramatically. This could be due to several factors such as; more municipalities 
switching over to DH systems, oil crisis in the year 1973 or even due to environmental 
awareness. 
  
Sources of heat delivery 
The annual volumes of heat supplied into district heating networks are presented by 
seven different heat supply methods presented in Figure 9. The recycled heat from these 
supplies is mostly composed of industrial excess heat, flue gas condensation, ambient heat 
input to heat pumps, combustion of recovered gases (mostly black furnace gases from 
iron works), and combustion of municipal and industrial waste. In case of recycled heat 
from these plants, it is in the form of recovered gases and wastes, while fossil CHP 
indicates heat from traditional fossil CHP plants using fossil fuels. Renewable CHP is heat 
from specially designed station that utilize biomass.  
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Figure 9 Heat supplied into Swedish district heating systems 1969-2015 according to seven 
different heat supply methods. Source: (Werner, 2017a) 

2.2.2 China 

This module will be discussing the Chinese heating market and will be based upon a 
journal by (Gong and Werner, 2015) Since the different technologies within DH were 
already discussed in the previous sections, this part will just mention a brief description 
into the Chinese heating market.  
 
China is ranked number one in terms of residential energy consumption and carbon 
dioxide emissions worldwide. When it comes to the Chinese DH market, as one might 
expect, the same phenomena seem to reside. This can be clearly noticed in Figure 10, with 
most of the heat generated for DH originating from mainly oil products and coal.  

 
Figure 10 DH heat by origin of fuel. Source: (Gong and Werner, 2015) 

2.3 Solar and DH 

Possibilities of including solar collector systems in existing DH networks that are not 
about to change radically and are using large scale CHP plants as a main heat source 
were rarely analyzed. Therefore, previous studies focus mostly on solar seasonal storage. 
One previous study conducted by (Winterscheid, Dalenbäck, and Holler, 2017) states that 
having a standard solar thermal system (Figure 11) can be more beneficial than having a 
seasonal storage. The study also concluded that the befits obtained from carrying out such 
a project include: 
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• CO2 emission reduction  
• Larger operational flexibility. 

• Allow an increased efficiency of the CHP plant through supplying a sub-network 
during certain periods of the year by solar heat in the main network. 

 
Figure 11 A standard solar thermal system where the solar thermal field and the thermal 
storage are located between main-network and sub-network. Source: (Winterscheid, 
Dalenbäck, and Holler, 2017) 

 
Since the above system in Figure 11 is based upon thermal collectors, then it is possible 
to replicate the same idea through PVT modules. Another study carried by (García et al., 
2017) stated that the combination of PVT modules alongside DH networks for a 
multifamily housing is quite possible. The study proposed the integration of PVT modules 
within an existing DH network. This was made possible through the extraction of the 
generated heat energy by heat pipes that were attached to an existing DH network 
through the utilization of heat pumps as observed on Figure 12.  

 
Figure 12 PVT system in the hybrid configuration where; HfDH: Heat from district heating 
network. HtDH: heat to district heating network, HfDH: Heat from district heating network, 
DHW: district heated water, HP: heat pump, CW: cold water, SH: spatial heating. Source: 
(García et al., 2017) 

 
The simulation was then carried out through TRNSYS in order to simulate the generated 
power in an hourly step through the course of a year. The report concluded the following: 

• From October to February, the SH demand is covered by the DH network, while 
the thermal energy generated by the PVT system is just sufficient to cover part of 
the DHW demand.  

• The same situation also applies to early March, i.e. SH comes from the DH network, 
while DHW comes from the PVT system 
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• Later in March, the heat from the PVT system is sufficient to cover the entire DHW 
demand of the building and even a small part of the SH demand. 

• March is a transitional month, and the same applies also later for October. In May 
the SH demand of the building is relatively very low, equaling roughly the DHW 
demand, while the solar conditions at this stage are very favorable.  

• The PVT system can handle the DHW demand without any support from the HP 
and additionally cover a substantial part of the SH demand and hence, one can say 
that the reliance on the DH network is very low in May.  

• A similar situation occurs also in September. 
•  In June, July and August there is no SH demand, and the PVT system can produce 

more heat than required to cover the DHW demand 
 

2.4 Energy requirements for a simple housing 

In this section several articles that to provide an estimation for its energy requirements. 
Since the energy demands vary depending on the region, two different cases will be 
considered; the Swedish case and the Chinese one. For a single housing unit, a rough 
estimation will be carried out using PVsyst. All the simulation and calculations carried out 
will be later on presented in sections 4 alongside the results in section 5. The data 
obtained for this simulation is from the Meteonorm 7.1 station. The city of Gothenburg 
will be chosen for ‘the Swedish perspective, and Xining for the Chinese one. All the 
simulations and calculations carried out will be later on presented in section 4 alongside 
the results in section 5.  
 

2.4.1 Sweden 

When referring to an article by (Vassileva et al., 2012) it is possible to see that the total 
energy demand in Sweden is about 400 TWh per year. Of which 25% is used for domestic 
purposes. As mentioned in the first chapter; Sweden is amongst the highest energy 
consuming countries per capita in the EU. This can be explained by the high heating 
demands, high demands from industries and low prices of electricity. 
 
According to the Swedish Energy Agency; when it comes to electricity, it Is considered to 
be the most common energy carrier for covering the heating demands within households 
and service sectors, covering about 50% of the total energy used in residential and service 
sectors. The other sources being DH, biofuels, petroleum products and natural gasses. 
Figure 13 provides a visual representation for this energy distribution in TWh. However, 
when it comes to multi-dwelling buildings and non-residential areas DH is the main 
energy carrier.  
 
Based on a 2017 report which was published by the Swedish Energy Agency, the use of 
household electricity increased from 9 to 22 TWh between the period of 1970 to 2015. 
Bear in mind that this figure is used to indicate the energy within the whole household 
sector.  
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Figure 13 Total Energy Use (TWh) in residential and service sectors in the year 2016.  
Data source: Swedish Energy Agency. 

 
Swedish household consumption. 
According to (Vassileva et al., 2012), a study was carried out in the Swedish cities of 
Västerås, Växjö and Eskilstuna. The study involved three main types of households in the 
three different locations, mainly apartments and houses. Table 2 provides a 
comprehensive overview of the different types of houses involved within the study and 
the nature of these houses in terms of income and responses. 
 
Table 2 Description of the three households’ groups analyzed. Source: (Vassileva, et al., 
2012) 

 Group 1 A-B Group 2 Group 3 
 Apartments(A)// 

houses (B) 
Apartments Apartments 

Location Växjö Västerås Västerås/Eskilstuna 
Total 
households 

1000/1000 24 80 

Total 
responded 
questionnaire  

197/432 19 10 

Income area  Low/Moderate/High High Low 
Important 
aspects 

Same 
characteristics; high 
income  

Different 
characteristics; 
low income; 
individual 
payment for 
electricity and 
hot water  

Large information 
campaign; different 
income; electricity 
in rent before new 
meters 

Main type of 
feedback  

Direct display  Bills  Web 

 
 
  

73, 50%

46, 31%

14, 10%

11, 8% 2, 1%

Electricity DH

Petroleum Products Natural Gas

Bio-fuels
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Group 1-A includes about 1000 apartments while 1-B constitutes of about 1000 houses. 
Both groups 1-A and 1-B are located in different areas with different incomes in the 
southern city of Växjö in Sweden. The houses included were also somewhat similar to the 
apartments in terms of energy needs, since a huge percentage of them use DH (about 
85%) as the main heating source. Group 2 on the other hand consists of apartments only 
located within a high-income area in the city of Västerås, in central Sweden. Finally, the 
last group included within this study (group 3); also consists of apartments exclusively 
but are situated in the low-income area of Västerås and in Eskilstuna, which is in the south 
of Sweden.  The results obtained indicated that houses (group 1-B) consume more overall 
energy as when compared to apartments. The highest energy consumption values 
obtained were 14,330 kWh for apartments and 38,976 kWh for houses in the year 2010. 
For the average values obtained, Figure 14 provides a very clear insight into the matter.  
 

 
Figure 14 Average yearly electricity consumption per person and size for apartments 
Source: (Vassileva et al., 2012) 

2.4.2 China  

 China is known to be the most populated nation on Earth which has resulted in an 
increase in the number of residential buildings and hence the increased energy demands 
as well. According to (Hu et al., 2017), electricity is readily available in Urban china 
besides other fuels such as; natural gas, coal gas, liquefied petroleum gas (LPG), and coal. 
Natural gas is used in 56% of urban households, coal gas in 19%, and LPG in 17% of urban 
residential buildings. Coal is still used in some urban households, with 4% using the 
cleaner honeycomb briquette, and another 4% using low efficiency bulk coal.  
 

 
Figure 15 Energy Consumption in China (TWh) for the year 2016. Source data: IEA 

 
Figure 15 displays the various energy consumption sources within china, with coal 
covering most of the consumption with about 8252 TWh.  
  

8252, 
36%

368
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5177

5717

991

1047 1315

Coal Geothermal, solar,etc

Crude oil Electricity

Oil products Biofuels and waste

Heat Natural Gas
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Chinese household energy consumption 
This section will include a study from an article by (Guo, 2016), based on surveys and 
questionnaires within the Chinese community.  Figure 16 shows the composition of 
different types of household alongside their annual energy consumption.  

 
Figure 16  Composition of household electricity consumption.  Source: (Guo, 2016) 

 

3 Engineering-related content, Methodologies and Methods 

The method that is mainly deployed in this research is purely based upon simulations 
from multiple software packages. The product of each simulation will be executed as 
follow: 

• Providing a rough simulation by creating a standalone PV case for a simple 
housing in order to calculate the electrical energy demands using PVsyst in two 
different regions; Sweden and China. PVsyst however, does not include thermal 
components analysis. Therefore, PVsyst will be utilized to calculate and estimate 
the electrical power generated by a standard PV module. The thermal analysis will 
be carried out through MATLAB.  

• Carrying thermal energy analysis through MATLAB to provide a general idea of 
how standard flat-plate modules function with the help of solar analytics from 
PVGIS within Sweden and China. Since the simulations carried out on PVsyst will 
include the electrical component. This is mainly due to the unavailability of 
thermal component within PVsyst. 

• It is to be expected that the obtained results might not be as accurate as the 
practical ones. This is mainly due to the fact that the energy analysis and 
calculations were carried out through two different packages, meaning that some 
parameters (such as plate efficiency, collector heat removal factor, etc.) that 
contribute towards alternating the final output of the combined heat and 
electrical production are going to be neglected; specifically within the PV 
(responsible for electrical production) component. The thermal component, 
however, will be calculated through mathematical simulations that have been 
designed for use with a standard flat-plate collector. 

• PVGIS will be used for obtaining the solar global radiation, diffusion ratio, and 
azimuth values that could be combined with PVsyst to generate the solar horizon 
diagram, shading, etc. and with MATLAB to obtain the global radiation for the 
thermal analysis.  

• An economic estimation of the PV component will also be estimated through 
PVsyst. 

  



18 
 

3.1 PVsyst 

PVsyst helps in providing an estimate for the amount of energy required in the standalone 
or grid connected PV system. It provides the user with an option to input the number of 
devices alongside their power consumption in order to have a good idea of the total 
require energy in comparison with the generated energy. PVsyst however, does not cover 
the heating demands since the simulations carried out within this software are based 
upon a standard PV module and hence does not contain the thermal components that is 
present within the PVT or flat-plate modules for example. 
 

 
Figure 17 A standard Standalone PV case from PVsyst 

3.2 PVGIS 

PVGIS has been developed for more than 10 years at the European Commission Joint 
Research Centre, at the JRC site in Ispra, Italy. The focus of PVGIS is research in solar 
resource assessment, photovoltaic (PV) performance studies, and the dissemination of 
knowledge and data about solar radiation and PV performance. 
 

3.3 MATLAB  

Based on a definition obtained from (https://www.northeastern.edu), MATLAB is a 
multi-paradigm numerical computing environment and fourth-generation programming 
language. A proprietary programming language developed by MathWorks, MATLAB 
allows matrix manipulations, plotting of functions and data, implementation of 
algorithms, creation of user interfaces, and interfacing with programs written in other 
languages, including C, C++, Java, Fortran and Python.   
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4 Analysis  

This section will include a discussion into the sort of simulations carried out in this study. 
However, the obtained results will be discussed in the next section (section 5) of this 
report. The housing structures considered are designed for a simple with an approximate 
area of 80m2 for the Swedish case and 60m2 for the Chinese one. This can be seen on 
Figure 18 which was based on an online article by Lindsay Wilson 
(shrinkthatfootprint.com, 2019). The thermal requirements an analysis will be carried 
out on MATLAB since PVsyst will only consider the electrical component of the project. 
The electrical energy requirements will be considered with similar values for both of the 
cases. 
 

 

 
Figure 18 Average global house sizing in m2. Source: (shrinkthatfootprint.com, 2019)  

 
In this the working executed through PVsyst will be discussed. For a single housing unit, 
a rough estimation will be carried. The data obtained for this simulation are from the 
Meteonorm 7.1 station in Gothenburg for the Swedish perspective and Xining for the 
Chinese one.  

4.1.1 Swedish case   

As stated earlier, the obtained results were derived from the city of Gothenburg. Figure 
19 shows the selected site alongside the solar azimuth and elevation angles in Figure 20. 
The design made was executed for a simple housing of three members.  
 

 
Figure 19 Selected site in PVsyst (PV analysis through PVsyst) 
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Figure 20 Horizon line drawing for Gothenburg (PV analysis through PVsyst) 

 
The blue corners on both side of the graph indicate periods of no solar irradiance; in other 
words, these are the periods that experience no sunlight, indicating the sunrise and sunset 
periods. The Azimuth and height values chosen for Figure 20 were obtained from PVGIS 
as well as the monthly meteo data (Table 3). The diffuse to global irradiance ratio can be 
calculated by multiplying the solar diffuse ratio with the global irradiance. 
 
Table 3 Monthly meteo data obtained through PVGIS for the year 2016 

Month 

Global 
Irradiance 
(kWh/m2) 

Solar 
Diffuse 
Ratio 

Temperature 
(°C) 

Jan 8.69 0.54 1.30 
Feb 31.60 0.46 3.00 
Mar 65.10 0.49 4.30 
Apr 107 0.53 6.60 
May 159 0.43 12.90 
Jun 174 0.41 16.40 
Jul 177 0.41 16.90 
Aug 131 0.45 16.90 
Sep 81.80 0.50 16.90 
Oct 35.80 0.51 10.10 
Nov 13.80 0.67 5.90 
Dec 7.18 0.64 5.50 

Annual 
average 82.66 0.50 9.72 

 
 The ideal azimuth and tilt angles were decided as seen in Figure 21 by modifying the tilt 
angel in order to reduce the loss. A tilt angel of 70° and an azimuth angel of 0° were chosen 
to produce the most optimal results. 
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Figure 21 Optimal tilt and azimuth angles for Gothenburg (PV analysis through PVsyst) 

4.1.1.1 Load selection and consumption  

Figure 22 provides a detailed view of the list of selected devices present in a standard 
simple housing alongside their energy consumption and utilisation. The power ratings for 
each device used was obtained from an online tool 
(https://www.energyusecalculator.com), that provides the average power consumption 
for each device as seen on Figure 22. The appliance labelled “others” could include a 
mobile phone, entertainment system, etc.  
 

 
Figure 22 Load selection and consumption for a simple house (PV analysis through 
PVsyst) 

4.1.2 Chinese case  

Figure 23 shows the selected site alongside the solar azimuth and elevation angles in 
Figure 24. The design made was executed for a simple housing. The approximate area of 
the selected housing was estimated to be around 60 m2. 
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Figure 23 Selected site in PVsyst (PV analysis through PVsyst) 

 
The ideal azimuth and tilt angles were decided as seen on Figure 24. A tilt angel of 55° and 
an azimuth angel of 0° were chosen to produce the most optimal results. 
 

 
Figure 24 Optimal tilt and azimuth angles for Xining (PV analysis through PVsyst) 

 
As similar to the Swedish version, the Azimuth and height angles for the horizon line 
drawing (Figure 25) alongside the meteo data (Table 4) were also obtained from PVGIS. 
 
Table 4 Monthly meteo data (obtained from PVGIS) for the year 2016 

Month 

Global 
Irradiance 
(kWh/m2) 

Solar 
Diffuse 
Ratio 

Temperature 
(°C) 

Jan 103 0.27 -6.40 
Feb 115 0.31 -2.50 
Mar 158 0.37 3.80 
Apr 173 0.41 9.30 
May 177 0.46 13.40 
Jun 201 0.40 18.50 
Jul 195 0.40 20.70 
Aug 163 0.48 21.90 
Sep 127 0.47 14.30 
Oct 109 0.44 8.30 
Nov 107 0.26 2.50 
Dec 86.5 0.31 -0.60 

Annual 
average 142.9 0.38 8.60 
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Figure 25 Horizon line drawing for Xining (PV analysis through PVsyst) 

4.1.2.1 Load selection and consumption 
Figure 26 provides a detailed view of the list of selected devices present in a simple 
housing alongside their energy consumption and utilisation. The power ratings for each 
device used was also obtained from the same source as of the Swedish case. The appliance 
labelled “others” could include mobile phones, entertainment systems, etc.  

 

 
Figure 26 Load selection and consumption for a simple house (PV analysis through PVsyst) 

 

4.1.3 Required parameters (for both Swedish and Chinese cases) 

When trying to input in the required parameters for the PV module, the sizing parameter 
was not directly present within PVsyst, project design option. Instead, three other 
parameters were provided for modification, these were: 

1. Required autonomy  
2. Required Loss-of-load probability 

3. Battery/system voltage 
 

Each of these parameters can be altered by the user to provide an estimation for the 
desired system. The definitions for each of these parameters were obtained from the help 
section within PVsyst itself. Provided below is a brief description of these terms. For 
detailed definitions refer to the help section of PVsyst. 
 

• Required autonomy: The required autonomy can be defined as the time period 
during which the load can be supplied from the battery alone without the need of 
solar input. 
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• Loss-of-load probability: This value is the probability that the user's needs cannot 
be supplied (i.e. the time fraction when the battery is disconnected due to the 
"Low charge" regulator security).  It may be understood as the complement of the 
"Solar fraction" (although it is described in terms of time rather than energy). 
However, PVsyst does not really explain in detail as to how this parameter can be 
used to obtain the sizing of the PV module and hence obtaining this value was not 
possible. 

• Battery/system voltage: In a stand-alone PV system with direct coupling to the 
user (without inverter), the battery voltage determines the distribution voltage. 
As now many DC appliances can be found as well in 24V as in 12V, this choice 
should be made according to system and/or appliance power, as well as the 
extension of the planned distribution grid to minimize the ohmic wiring losses. 

 
Based on the definitions above, the following values have been used: 

• Required autonomy: 4 days  
• Required Loss-of-Load: 10% 
• Battery/system voltage: 24 V 

 
The next section will provide a rough estimation on the heat demands for both of the 
Swedish and Chinese cases.  
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4.2 MATLAB 

This section will mainly rely on formulas from the theoretical background obtained from 
section 2.1. Since the thermal analysis of the flat-plate module cannot be executed through 
PVsyst, MATLAB will be used as an alternative to provide a rough estimation on the 
matter. MATLAB will mainly include the results obtained for both the Swedish and 
Chinese perspectives. 
 
The major design parameters are given as α=0.9, τ=0.92, 𝑈𝑙 = 30  W/m2 °C. For this 
analysis, the mass flow rate through the PVT’s channel will not be assumed. The PVT 
considered will also have a proposed maximum power production of about 250W (which 
is the standard for an average PV cell). All these chosen values were chosen on the 
premises of aiding with simulations and hence may vary from real life scenarios.  
 
The total heating requirements calculations for the Swedish case were obtained from BBR 
ISOVER (Isover, 2019). This source provides the general heating requirements based on 
the location of the desired city within Sweden only. It does so by basically dividing the 
country into three main climate zones. Figure 27 displays the classification of the climate 
zones.  
 

 
Figure 27 Climate zones within Sweden. Source: (Isover, 2019) 

 
Table 5 below provides the required heat energy demands per m2 per year according to 
the clime zone.  
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Table 5 The heat requirements according to the climate zone.  
Source: (Ergieffektivabyggnader, 2019) 

Climate region  I II III 
The specific energy use of the building 
[kWh per m2 per year] for homes without electric heating 

78 74 70 

 
Figure 28 provides a map of five climate zones in China. The heat requirement according 
to the climate zone for the Chinese case can be observed below. According to (Gong and 
Werner, 2014), the average heat use for space heating is approximately 95 kWh/m2 for 
the region containing Xining which lies within the sever cold zone. 
 

 
Figure 28 Climate Zones within China. Source (Gong and Werner, 2014) 

5 Results  

This chapter will display the results of the simulations and estimations carried out in 
chapter 4. 

5.1 PVsyst 

The following results were obtained from the previous estimations that were carried out 
after inputting the load values alongside the appropriate solar coordinates as indicated in 
section 4.1 of this study.  

5.1.1 Swedish case 

Figure 29 provides a detailed overview of the obtained monthly and average yearly 
energy values from the PV modules. 
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Figure 29 Average yearly available energy and user's needs (PVsyst) 

 
PVsyst also provides the user with an economic breakdown into how expensive the PV 
panels for the project might be if it were to be carried out in real life.  The user can input 
his/her desired investment period upon which an estimation for the overall cost will be 
carried out. Figure 30 shows an economic estimation of such a project within an 
investment period of 20 years. Bear in mind that this estimation is only limited to the PV 
component (no thermal component included). 
 

 
Figure 30 Economic evaluation for the PV module (Sweden) (PVsyst) 

 

5.1.2 Chinese Case 

Figure 31 provides a detailed overview of the obtained monthly and average yearly 
energy values from the PV modules. 
 

 
Figure 31 Average yearly available energy and user's needs (PVsyst) 
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Figure 32 Economic evaluation for the PV module (PVsyst) 

 
Here again, we can also have a feasibility estimation through PVsyst to determine how 
expensive the PV component of the project might be overall. Figure 32 presents the cost 
estimations for an investment period of 20 years. 
 

5.1.3 PV module area assumptions (Swedish case) 

When running the energy simulations through PVsyst, the area of the PV modules for both 
cases was difficult to obtain. Hence some certain estimations will be concluded in order 
to provide an approximate area for the areas of the modules. For the sake of carrying out 
these estimations, an efficiency of 16% (which is the common value for most of the PV 
modules currently in the market) will be considered for the PV module. By referring to 
Equation 1, the following estimations can be made: 

• If the average daily produced energy= 40.1 kWh/day 
• If the average annual irradiation= 82.66 kWh/m2 

• And the PV efficiency= 16% 
• Then the assumed module area for the Swedish case= 3m2 

5.1.4 PV module area assumptions (Chinese case) 

When following the above analysis for the Swedish case, it is also Possible to estimate the 
PV module area for the Chinese case as follow: 

• If the average daily produced energy= 16.4 kWh/day 
• If the average annual irradiation= 142.99 kWh/m2 

• And the PV efficiency= 16% 
• Then the assumed module area for the Chinese case= 0.72 m2, which is 

approximately about 1 m2 
 
For both of the Swedish and Chinese cases the performance ratios of the PV modules have 
been ignored for simplicity. 
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5.2 MATLAB (flat-plate collector case) 

The following results are obtained from the previous estimations that were carried out 
after running the calculations on MATLAB. However, before doing so, some minor solar 
analysis was obtained through an online tool called PVGIS, which was used to calculate 
the daily average irradiance for both; the Chinese and Swedish cases. However, as 
explained earlier in section 3; the analysis obtained will cover only the thermal 
component as the electrical one was covered by PVsyst.  
 
Moreover, due to storage losses considerations, about 10% difference was considered 
when calculating the generated thermal energy and comparing with the required thermal 
energy for both the Swedish and Chinese cases. This is due to the fact that a much greater 
collector area will be required as in the summertime the solar irradiance is much greater 
than that of the winter period and hence, having storage will facilitate in the reduction of 
the overall area.  

5.2.1 Swedish case 

As mentioned earlier, before we can carry out the thermal analysis, we need to obtain the 
average yearly irradiance in the city of Gothenburg. With the help of the soalr height and 
azimuth angles obtained through PVsyst; the data can be inserted to the online tool 
known as PVGIS which can then help in providing the solar irradiance easily. The monthly 
data have been obtained after adding the appropriate slope and Azimuth angles that were 
obtained through PVsyst. Table 6 provides the total monthly irradiance. The average daily 
irradiance can then be calculated by dividing by the total number of days in that particular 
month.  
  
Table 6 Monthly irradiance obtained at 70° elevation angle and a solar collector through 
PVGIS for the year 2016 

Month 

Total monthly 
irradiance 
(kWh/m2) 

average total daily 
Irradiance 
(kWh/m2) 

Monthly Useful 
thermal energy 
(kWh) 

Jan 28.6 0.92 165.56 
Feb 70.7 2.50 409.57 
Mar 96.2 3.10 557.37 
Apr 112 3.73 648.94 
May 143 4.66 828.62 
Jun 143 4.76 828.62 
Jul 152 4.90 880.78 
Aug 131 4.36 759.07 
Sep 107 3.45 619.96 
Oct 64.3 2.14 372.47 
Nov 30.9 0.99 178.89 
Dec 24.8 0.82 143.53 

  
To begin with; by referring to the Table 5 and by considering the sizing of the house, the 
recommended heating demands can be calculated. Since the desired city (Gothenburg) 
lies within the third climatic zone, the specific energy value of 70 kWh per m2 per year 
will be chosen. Also, by referring to the average housing sizes (Figure 18), the house sizing 
of 80m2 has been assumed and the calculations carried out accordingly through: 
 
70000 ∗ 80 = 5600 kWh 
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By looking at the average total daily irradiance from Table 6 we can calculate the yearly 
average total daily irradiance by adding up the total monthly irradiances throughout the 
year and dividing it by 365, which yields 3.02kWh/m2. This is the average daily irradiance 
which can then be added into MATLAB and the thermal analysis can then be obtained. 
From equation (2) the heat energy generated at an irradiance of 3.02 kWh/m2 can then 
be calculated using the design parameters of α=0.9 and τ=0.92 and 𝑈𝑙 = 30 W/m2 °C, an 
average temperature (𝑇𝑎) of 282 K (average temperature of the city of Gothenburg) and 
plate temperature (𝑇𝑏) of 283 K (which is optimal value). The outlet temperature (𝑇𝑜) 
was assumed to be 330 K. The area of the collector (AC) was chosen to be 7m2 in order to 
meet heat demand. Figure 33 views the monthly thermal production. 
 

 
Figure 33 Monthly thermal production for Gothenburg (data source: PVGIS) 

 
Equations 2, 3 and 4 will be used in order to calculate the different average heat quantities 
generated in a day8. After carrying out the simulation, the following results were 
obtained: 

1. Calculating the collector’s heat input (Equation 4): 
Qi = G(τα). 𝐴𝑐   
Qi =  17.50 kWh 
 
2. Calculating the collector’s heat loss (Equation 3) 
𝑄𝑜 = 𝑈𝑙𝐴𝑐(𝑇𝑐 − 𝑇𝑎) 
Qo = 210 Wh 
 
3. Calculating the collector’s useful energy (Equation 2) 
𝑄𝑢 = 𝑄𝑖 − 𝑄𝑜 

        𝑄𝑢 = 17.29 kWh 
 
After obtaining the different heat quantities and heat loss values, equation 5 can be used 
to calculate the thermal efficiency of the plate: 

 
4. Calculating the instantaneous thermal efficiency of the plate (Equation 5) 
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While carrying out these calculations, the collector heat remove factor has been ignored 
for simplicity reasons.  
 
The acquired heat energy is what the solar collector will generate on average in one day. 
To obtain the yearly rating we multiply the daily rating by the number of days in a year 
(365 days): 
 
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑛𝑛𝑢𝑎𝑙 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 = 17290 ∗ 365 
 
Which yields an average annual production of 6310.85 kWh. Bear in mind that this 
obtained value does not include the collectors heat removal factor and hence results may 
vary accordingly.  

5.2.2 Chinese case 

As mentioned earlier, before we can carry out the thermal analysis, we need to obtain the 
average yearly irradiance in the city of Xining. With the help of the soalr height and 
azimuth angles obtained through PVsyst; the data can be inserted to the online tool 
known as PVGIS which can then help in providing the solar irradiance easily. The monthly 
data have been obtained after adding the appropriate slope and Azimuth angles that were 
obtained through PVsyst. Table 7 provides the total monthly irradiance. The average daily 
irradiance can then be calculated by dividing by the total number of days in that particular 
month.  
  
Table 7 Monthly irradiance obtained at 55° elevation angle and a solar collector area of 4m2 
through PVGIS for the year 2016 

Month 

Total monthly 
irradiance 
(kWh/m2) 

average total daily 
Irradiance (kWh/m2) 

Useful thermal 
energy (kWh) 

Jan 195 6.29 645.72 
Feb 171 6.11 566.23 
Mar 188 6.06 622.54 
Apr 166 5.53 549.67 
May 146 4.71 483.43 
Jun 152 5.07 503.3 
Jul 154 4.97 509.93 
Aug 145 4.83 480.12 
Sep 134 4.32 443.69 
Oct 141 4.70 466.87 
Nov 191 6.16 632.47 
Dec 170 5.67 562.92 

  
To begin with; by referring to (Gong and Werner, 2014) and considering the sizing of the 
house, the recommended heating demands can be calculated. Since the desired city 
(Xining) lies within a severely cold zone, the specific energy value of 95 kWh per m2 per 
year will be chosen. Also, by referring to the average housing sizes (Figure 18), the house 
sizing of 60m2 has been assumed and the calculations carried out accordingly through: 
 
950000 ∗ 60 = 5700 kWh 
 
By looking at the average total daily irradiance from Table 7, the yearly average total daily 
irradiance can be calculated by adding up total monthly irradiances throughout the year 
and dividing it by 365, which yields 5.37kWh/m2. This irradiance is the average. daily 
irradiance which can then be added into MATLAB and the thermal analysis can then be 



32 
 

obtained. From equation (2) the heat energy generated at an irradiance of 5.37 kWh/m2 
can then be calculated using the design parameters of α=0.9 and τ=0.92 and 𝑈𝑙 = 30, an 
average ambient temperature (𝑇𝑎) of 281K (average temperature of the city of Xining) 
and plate temperature ( 𝑇𝑏 ) of 282K (which is mere optimal value). The outlet 
temperature (𝑇𝑜) was assumed to be 330K. The outlet temperature (𝑇𝑜) was assumed to 
be 330K. The area of the collector (AC) was chosen to be 4m2 in order to meet heat demand 
Figure 34 shows the monthly heat production. 
 

 
Figure 34 Monthly thermal production for Xining (data source: PVGIS) 

 
Equations 2, 3 and 4 will be used in order to calculate the different average heat quantities 
generated in a day. After carrying out the simulation the following results were obtained: 
 

1. Calculating the collector’s heat input (Equation 4): 
Qi = G(τα). A  
Qi = 17.785 kWh 
 
2. Calculating the collector’s heat loss (Equation 3) 
𝑄𝑜 = 𝑈𝑙𝐴𝑐(𝑇𝑐 − 𝑇𝑎) 
Qo = 120 Wh 

 
3. Calculating the collector’s useful energy (Equation 2) 
𝑄𝑢 = 𝑄𝑖 − 𝑄𝑜 

        𝑄𝑢 = 17.67 kWh 
 
After obtaining the different heat quantities and heat loss values, equation 5 can be used 
to calculate the thermal efficiency of the plate: 

 
4. Calculating the thermal efficiency of the plate (Equation 5) 
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While carrying out these calculations, the collector heat remove factor has been ignored 
for simplicity reasons.  
 
The acquired heat energy is what the solar collector will generate on average in one day. 
To obtain the yearly rating, multiply the daily rating by the number of days in a year (365 
days): 
 
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑛𝑛𝑢𝑎𝑙 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 = 17670 ∗ 365 
 
Which yields an annual production of 6449.55 kWh. Bear in mind that this obtained value 
does not include the collectors heat removal factor and hence results may vary 
accordingly.   
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6 Discussion 

In this section, the results are going to be analysed alongside a comprehensive discussion 
in order to investigate the level of authentication of the output obtained.  
 
Operation of a hybrid solar and DH system 
This sub-section requires more analysis and hence will not be discussed in much details 
within this thesis. However, previous studies have shown that building an integrated solar 
system within an existing DH network is possible. This is could be particularly quite useful 
for providing the heating demands (specifically domestic hot water) during the summer 
period. Moreover, during cold periods that experience solar irradiations; it is more 
practical to use such technology as when compared to seasonal storage for example, as 
the thermal energy provided through this system is instantaneous (depending on the 
level of solar irradiation of course). The articles presented in section 2.3 provide a very 
good recap of having such a hybrid system. As far as this thesis concerned, no more 
analysis of this hybrid soalr-DH system will take place. However, it could be included in 
future researches with the presence of better resources, since having such a project could 
prove to be quite reliable in the mere future. 
 
PVsyst 
In this thesis, PVsyst was mainly used for two main purposes; 
 

1. To provide an estimation the required and generated amount of electrical energy 
obtained through solar PV cells. 

2. To have a rough approximation as to how costly would the PV component of such 
a project be. 

 
Analyzing the Swedish case (Solar energy analysis) 
To begin with, when analyzing the results in Figure 29, it is safe to say that the available 
solar power throughout the course of the year (except for the months of January, 
November and December), are greater than that of the user’s demand. This is a very good 
advantage for implementing such a system as the user is fully capable of generating 
his/her energy demands for most part of the year without relying on an energy provider. 
Moreover, after adding up the available daily solar power and by using the following 
equation: 
 
Total average available annual solar energy= 

 ∑ (𝑎𝑣𝑒𝑟𝑎𝑔𝑒
𝑘𝑊ℎ

𝑑𝑎𝑦
∗ 𝑑𝑎𝑦𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑚𝑜𝑛𝑡ℎ)12

1                                                                                       (6) 

 
The average total annual solar energy generated amounts to 14436 kWh. This is definitely 
much greater than the average annual user’s demands which amounts to a total of 
approximately 5616 kWh, assuming that the user’s demands remain the same throughout 
the whole period (for simplicity reasons), with a daily demand of 15.6 kWh/day.   
 
Analyzing the Swedish case (thermal energy analysis of flat-plate collector) 
The total heating demands amounts to approximately; 5600 kWh per year and the 
expected thermal energy produced was 6310.85 kWh per year. The estimated generated 
heat energy is higher than the required heating demand by approximately 710 kWh, 
however if this system were to be integrated with a storage system then the excess energy 
can then be stored. 
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Analyzing the Swedish case (economic evaluation of the PV component) 
When referring to Figure 30, it is possible to obtain a general idea about the overall 
expenses of the PV component. Most of the required expenses including the module cost, 
battery cost, etc. are mentioned alongside the total investment required to modulate such 
a system. After adding up all the expenses, the total investments add up to about €64844. 
This seems to be quite a hefty fee to pay all at once. However, in order to avoid such 
complications PVsyst provides the user with an investment option in order to cover all 
the expanses over a certain period of time. In this case the loan duration specified was for 
20 years with a rate of 5%. This results in an annuity factor of about 0.080 and a yearly 
cost of about €7953. The energy cost calculated was estimated to be about 1.46€/kWh. 
 
Analyzing the Chinese case (Solar energy analysis) 
After observing Figure 31, The following conclusions can be drawn: 

• For the months of May, June, July, August, September, October and December the 
user demands exceeded the available solar energy. 

• The total available annual solar energy (according to Equation 6) was estimated 
to be about 5904 kWh. 

• The total annual user’s energy demands were estimated to be about 5616 kWh. 
 

Analyzing the Chinese case (economic evaluation of the PV component) 
It’s possible to obtain a general idea about the overall expenses for the PV (electrical) 
component project after looking at Figure 32. The following conclusions can be made: 

• The total investments for this project add up to €29080 
• For a loan period of 20 years with a 5% interest, the annuity factor= 0.080 
• The total yearly cost was estimated to be about €5084 
• The energy cost obtained was estimated to be about 0.93 €/kWh 

 
Analyzing the Chinese case (thermal energy analysis) 
The total heating demands amounts to approximately; 5700 kWh per year and the 
expected thermal energy produced was 6449.55 kWh per year. The estimated generated 
heat energy is higher than the required heating demand by approximately 750 kWh, and 
the excess energy produced could also be stored with the availability of a storage system.  
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6.1 Comparing the Swedish and Chinese cases 

This section will basically discuss the differences between the two cases and try to 
provide suggestions (based on the authors perspective) as to why such results were 
obtained.  

6.1.1 PV analysis (obtained through PVsyst) comparison  

When putting the two cases’ side by side, it’s possible to see that the available solar energy 
from the Swedish perspective bypasses that of the Chinese one by approx. 8532 kWh/day. 
This in particular is quite strange when looking at tables 6 and 7 (obtained through 
PVGIS), which indicate that the obtained solar irradiation is higher in the Chinese version 
than that of the Swedish case by approx. 2.35kWh/m2 per day. By simply looking at the 
statistics, one could simply assume that the available soalr energy of the Chinese case has 
to exceed that of the Swedish one. From the authors perspective; this could be due to the 
following reasons: 
 

1. Area of the PV module in relation to the price: The Swedish case has the same 
user needs or demands as when compared with the Chinese one. When running 
simulations through PVsyst, the option for providing the PV parameters was not 
included (refer to section 4.1.3). This could mean that based on the cost of the 
module, PVsyst simulates an appropriate Area for the PV cell. When looking at the 
section 5.1 (pricing of the PV module), it’s quite easy to see that the module cost 
of the Swedish case is about 3.6 times greater than that of the Chinese one which 
reasonably, indicates that the area of the module in case of the Swedish case is 
about 3.6 times greater than that of the Chinese case and hence; the electrical 
power production for the Swedish version was much more greater than that of 
the Chinese one. The reason behind having a bigger area and hence an over 
production in the generation of electrical energy can be related to the fact that 
energy conservation is very important within the country. This means the demand 
for producing more energy and storing it is much greater than in China for 
example. 

 
2. PV module performance at high temperature: While looking at tables 3 and 4, 

it’s quite simple to conclude that the average yearly temperature of Gothenburg 
is greater than that of Xining by approx. 1°C. However, when looking and 
comparing the average monthly temperatures, it’s noticeable that the peak 
temperatures reached in Xining are higher than that of Gothenburg. At higher 
temperatures, the electronic components within a generic solar panel start to heat 
up which leads to a dip in performance, this however, depends on the temperature 
coefficient (which was not available at the preliminary-standalone menu within 
PVsyst) of the PV cell itself. This could particularly also be noticed in the months 
of May, June, July, and August within Xining, where the highest temperatures 
throughout the years have been recorded, hence, hindering the electrical output 
performance within the PV module. This, however, is not the case with the 
Gothenburg as the highest temperatures are not as high as the peak temperatures 
reached by that of the Chinese version. 
 

3. Higher irradiation does not always indicate better performance: As 
mentioned in the previous point, high temperatures have a negative impact on the 
electrical production rate of a PV module, hence, having higher solar irradiation 
does not always indicate a high electrical production rate.  
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6.1.2 Thermal flat-plate collector analysis (MATLAB calculations) 

When looking at the yearly obtained thermal energy of both cases, the produced output 
of the Chinese case is much greater than that of the Swedish one by about 139 kWh. The 
difference is not huge per say and since the Chinese case has a smaller area than that of 
the Swedish one it is safe to say that such a result should be expected. Moreover, unlike 
PV panels, flat-plate collectors don’t experience high loses in their overall performance at 
higher temperatures and hence it would make sense to assume that at higher irradiances, 
a high thermal output is to be expected. 

6.1.3 Summary  

Table 8 provides a good summary of the major differences between the two cases. For 
detailed analysis refer to section 6.1. 
 
Table 8 Summary of the major differences between the two regions 

Sweden (Gothenburg) China (Xining) 
1. PVsyst analysis (Energy analysis) 

a) Total average annual 
available solar energy= 
14436 kWh 

b) Total average annual user 
requirements= 5616 kWh 

c) Assumed PV module area 
= 3m2 

 
2. PVsyst analysis (economic 

analysis) 
a) Module cost= €14199 
b) Total investment= €64844 
c) Ann. Factor= 0.08 
d) Total yearly cost= €7953 
e) Energy cost= 1.46 €/kWh 

 

1. PVsyst analysis (Energy analysis) 
a) Total average annual 

available solar energy= 
5904 kWh 

b) Total average annual user 
requirements= 5616 kWh 

c) Assumed PV module area 
= 1m2 

 
2. PVsyst analysis (economic 

analysis) 
a) Module cost= €3861 
b) Total investment= €29080 
c) Ann. Factor= 0.08 
d) Total yearly cost= €5084 
e) Energy cost= 0.93 €/kWh 

1. Flat-plate collector analysis 
(Thermal energy analysis) 

a) Heating requirements = 
5600 kWh 

b) Useful thermal energy 
produced= 6311 kWh 

c) Assumed Collector area= 
7m2 

1. Flat-plate collector analysis 
(Thermal energy analysis) 

a) Heating requirements = 
5700 kWh 

b) Useful thermal energy 
produced= 6450 kWh 

c) Assumed collector area= 
4m2 
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6.2 Concluding discussion 

At the begging of the study, the main aim was to provide an approximate energy 
production analysis for both of the Swedish and Chinese cases and by looking at the 
results obtained it can be said that the goal has been achieved. However, there are still 
quite a lot of loopholes to when it comes down to the technical details and absence of DH 
analysis and integration methods (to when it comes to the actual work itself).  
 
The studied cases show that the soalr energy is capable of covering the individualistic 
heat and electrical demands for the standalone houses and that why it is possible to 
assume that having an integrated DH system would be more beneficial in case of densely 
populated housing areas. This could be mainly related to DH being more cost effective in 
densely populated areas as when compared to standalone houses.  
 
There are quite a lot of details that are still missing to when it comes to the practical side 
of things; as in the methods of heat delivery from the hybrid modules to the house, the 
need to provide general comments on the necessity of having a heat pump or even the 
possibilities of integrating this standalone system to a grid network to provide means of 
selling excess power if and when required. 
 
However, since times are changing quite rapidly nowadays and with technology 
expanding by the minute, the need for innovative and unique solutions is always highly 
thought after. The study can go in much depth and more detail, but the sizing and the 
scope of what needs to be achieved and done is quite huge. Hopefully, in the coming years 
or so, the study might act as a motivation or base for building such a hybrid system and 
integrating all the different components together.  
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