
  
 

 

                                                                                              
 
 

Technische Hochschule Ingolstadt 

 

 

Faculty of Mechanical Engineering 

Master of Science in Renewable Energy Systems 

 

Master’s Thesis 

 

 

Subject: Integrating Renewable Energies into a District Heating 
Network in a Residential Area in Dachau 

 

 

 

Name and Surname                 Bahareh Asadollahi Esfahani 

Matriculation Number               000089579 

 

Issued on                                  8th July 2020 

Submitted on                             8th January 2021 

 

First examiner                            Prof.Dr.Ing.Tobias Schrag 

Second examiner                       Prof.Dr.Ing.Daniel Navarro Gevers 

 



  
 

I | P a g e  
 

 

  

Declaration  

 

I hereby declare that this thesis is my own work, that I have not presented it elsewhere 

for examination purposes and that I have not used any sources or aids other than those 

stated. I have marked verbatim and indirect quotations as such. 

 

 

 Ingolstadt, ___________  

                              (Date) 

 

Bahareh Asadollahi Esfahani 

 

(Signature) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  
 

II | P a g e  
 

 

Acknowledgment  

 

I would first like to express my appreciation and gratitude to my Colleagues in the DME 

Consult GmbH for the professional and initial support and the openness regarding 

company data, which were of great value for this work. 

I would also wholeheartedly like to thank my professor and supervisor at Technische 

Hochschule Ingolstadt, Prof.Dr.Ing. Tobias Schrag, who has supported this work with 

valuable suggestions. I am gratefully indebted for showing patience, motivation, 

enthusiasm, and immense knowledge throughout my thesis work, taking time off his 

busy schedule, acknowledging my requests, and replying to every email I wrote to him. 

Special thanks to Prof.Dr.Ing. Daniel Navarro Gevers for accepting the position of the 

second examiner for my work. 

Thanks a lot to my friends in Germany, who have been only supportive and tried to be 

my family far from home. Lastly, I would like to show my gratitude for my family members, 

who, despite the distance, stayed with me in my difficult times and believed in me for all 

these years of my study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  
 

III | P a g e  
 

 

Abstract 

 

District heating network distributes the heat generated from central heating systems 

through organized insulated piping system (buried underground level) for residential and 

commercial buildings. District heating utilizes boilers fueled by fossil fuels or renewable 

fuels such as gas, wood chips, pellet, oil, etc. also, other additional systems (CHP and 

renewable sources such as solar plants, heat pumps, etc.) produce hot water. Heat 

accumulators or Buffer storage collects the extra heat produced.  Today, industry owners 

and researchers aim at lowering the grid temperature to reduce costs and energy. The 

project includes designing a low-temperature district heating network center with a flow 

and return temperature of 45 °C/20 °C in a modern residential area with 50 buildings 

with 37,000 square meters located in Dachau, Bavaria and consists of two scenarios. In 

the first scenario, in energy generation, the focus was on the natural gas supply. The 

fossil fuel system design was initially done with a simulator available in the company. In 

the simulator, by default, an electric heater inside the buffer provides 10% of the network 

heat energy. Due to the high cost of electricity, systems were simulated in a new Excel-

tool by eliminating electricity share. By keeping the generators' output constant, and a 

small change in the buffer volume, the share of natural gas in energy production 

becomes one hundred percent. At this stage, the use of CHP units with outputs 113 kW 

and 94 kW, a buffer storage with a volume of 22 m3, and a peak-load gas boiler with 

508 kW in energy generation, as well as the use of heat pumps in substations, was an 

essential step to increase energy efficiency and to achieve the federal government's 

energy targets. And in the scenario 2 the region's renewable potential was integrated 

and replaced with fossil fuels. The pellet boiler with 230 kW output and 472 m2 solar heat 

collector system has been replaced at this phase as the main generators, and the buffer 

volume was increased to 29 m3. By comparing the two systems, although the investment 

costs of System 2 were more, it is more cost-effective in financial accounting, 

considering the government's financial support for renewable energy projects and more 

maintenance and fuel costs of the first system. According to the present factors and CO2 

emissions, the renewable system was much better in environmentally-friendly terms. 

Keywords: Renewable energies, low-temperature district heating network, fossil fuels, 
residential area 
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Chapter 1 

Introduction 

 Focus on district heating system 

The amount of GHG (greenhouse gas) emission, CO2 emissions, and transmission into 

the environment, which is the primary factor of climate change and global warming, are 

increasing. One of the most significant reasons for releasing GHG in the climate is, 

increasing heating demand in residential and business sectors and supplying this 

amount of energy. Although it is expected with proper planning, innovative measures, 

and solutions, this trend is decreasing till 2030 significantly and plays an essential role 

in growing energy efficiency in buildings and system improvement. One of these 

solutions is a district heating network(Tian et al. 2019; Pakere et al. 2018). 

The heating network research shows that with some solutions and measures, such as 

minimizing the network losses by lowering flow and return temperatures, integrating 

renewable energy sources, pumping optimization by increasing the pipe insulation 

thickness, the use of twin or triple pipes, and optimization the piping routes, can achieve 

to sustainable energy technologies and improvement of efficiency (Lund and 

Mohammadi 2016; Volkova et al. 2018; Jones et al. 2019; Best et al. 2018). 

The following table shows the trend of improvement of the district heating system by 

reducing the flow and return temperatures. 

Table 1 The comparison of District heating network Generations (Lund et al. 2018b) 

Generation 
Period Heating Medium 

DH flow 
Temperature 

DH return 
temperature 

1st Generation 
1800 - 1930 

-Steam system 
-Steam pipes 

< 200 °C <80 °C 

2nd Generation 
1930 – 1980 

-High Temp. 
-Pressurized hot-water system 
-Heavy equipment 
-Large “build on site” station 
 

> 100 °C 
 

< 70 °C 

3rd Generation 
1980 – 2020 

-High Temp. 
-Pressurized hot-water system 
-Pre-insulated pipes 
-Industrialized compact 
 

< 100 °C < 45 °C 

4th Generation 
2020- 2050 

-Low and Ultra- Low Temp. 
- insulated pipes 
-Optimum interaction of energy 
sources 
 

< 50°C 

⁓25°C 
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With low and ultra-low temperature and the integration of renewable energy, the district 
heating network would be one of the most important solutions for the sustainable 
development of the heating system. 

Some of the benefits of low and ultra-low temperature DH include the following: 

•       Cost-effectiveness 
•       Improving overall efficiency 
•       More efficient use of renewable energy resources 
•    More environmentally- friendly 

(Lund et al. 2018a; Averfalk and Werner 2020; Pakere et al. 2018) 

 

 Approach to this research 

Stadtwerke Dachau is planning to construct a large residential area in Augustenfelder 

street with 50 properties and buildings with a total of up to 37,000 m². Figure 1 shows 

the boundaries of the project. Sections that are highlighted with yellow are related to this 

current project. 

 

 

Figure 1 Section of the development plan 

 

The focus is on low-temperature district heating networks (45 °C/20 °C) when it comes 

to energy generation. Besides, the use of CHP units as the main generators, gas boiler 

covers the peak loads, and heat pumps integrated into the sub heat transfer station. 
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Figure 2 Layout  of the main heating generation system 

 

The use of CHP units combined with heat pumps would be an essential and vital step 

towards "increasing energy efficiency in Dachau." Besides, the energy targets set by the 

federal government can be achieved with the assessed systems.  

The first draft contains the following points: 

•     Energy center which is consisting of CHP unit and buffer storage, 
•     Gas boiler as a reserve in peak load and stopping time  
  

The result shows: 

•     Determination of heating demand (Heating and DHW), 
•     Determination of generators output and buffer volume 
  

The general starting point, motivation, and background for creating this system are: 

•     Climate-friendly urban development 
•      Increasing energy efficiency in buildings and sustainability and minimizing CO2 
emission  
 

At present, the sizing of heat plant with combination CHP, gas boiler, and buffer storage, 

with data of Stadtwerke and the available tools in the company, has been done. 

According to the environmental and energy efficiency aspects, the German 

government's policy is to encourage companies and the public to use more renewable 

fuels, heating, and cooling systems of the residential and industrial areas, with low-
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interest and long-term loans. This thesis's core work is based on the optimization of 

designing a new heating system by integrating renewable energies and comparing it with 

the main structure in terms of cost-effectiveness and environmental compatibility. The 

results are presented as a tool that might be used in a similar project. 

 Contribution to the present work 

This work has been done in collaboration with Company DME-Consult in Rosenheim to 

continue the project " low-temperature district heating system in a residential area" from 

Stadtwerke-Dachau. The given information by Stadtwerke-Dachau and some 

calculations performed in the company have been used as the project's initial data. In 

this regard, other existing and valid databases and applications on the internet were 

used to advance the project. 

The present work has also used scientific articles, authors' views, books and 

dissertations in the theoretical section related to district heating systems, and some basic 

calculations in the system designing section. 

 

 Research question 

The following are the research questions that would be answered in this thesis. 

 

1. What potential renewable energies in Dachau-region are feasible to integrate into 

District Heating System? 

2. How to design a new system, with integrating renewable energies, more optimized? 

3. What are the advantages of a new system in comparison to the main system? 
 
 

  Methodology 

This work would be divided into two steps. The first step is designing and simulation a 

new heating system with available potential renewable energies in the region and the 

next step is comparing with the main designed plant according to cost-effectiveness and 

CO2 emission factors. 
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Figure 3 Thesis Process 

The research methods for this thesis are listed as follow, 

Table 2 Research methods of thesis 

NO. Methods Description 

1. Literature studies and 
document analysis 

• District heating network with different temperatures 
• How to design a heating plant? 
• Analysis of available data and document from Stadtwerke-

Dachau  
• Analysis of the available financial sponsorships for using 

renewable energies in the heating system 
• Analysis of available potential of renewable energies in the 

region for integrating into the system 
• Analysis of designed system with CHP and Gas boiler data 

 
2. Simulation a new heating  

plant 
• Designing and sizing new plant with integrating renewable 

energies in excel  
 

3. Financial assessment • Investment costs 
• Maintenance and repair costs 
• CO2 costs 
• Fuel costs 
• Subsidies 

 
4. Evaluation 

 
 

• Assessment of district heating system after getting 
renewable energies  
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Chapter2 

Literature Review 

 

This section includes literature extracted from other scientific articles and publications to 

describe the layout of a district heating grid and its components, and other proposed 

solutions for heating a building complex. Also, existing studies in the field of LTDH and 

ULTDH are reviewed. The results of similar studies in the field of small low-temperature 

DHN can be compared with the results obtained from this work. 

 

  What is a District Heating Network? 

District heating network (also known as heating networks or district heating) is a system 

for distributing the heat generated in a central location via a system of insulated pipes 

for residential and commercial heating requirements such as space heating and hot 

water generation. 

DHNs Present a variety of technologies but generally have two main components (see 

figure 4): 

 

Figure 4 Schematic of a district heating network including substations in every property (Delangle 
2016) 

 A heating center, which comprises one or more heat generators, balances the heat 

demand with production, storage, and backup supply. 

 The heat transmission and distribution network includes: 

- The main network that supplies hot water from the heating plant to customers 
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- Substations that connect the primary and secondary networks 

- A secondary network that transmits hot water to the end-user (radiators, tap 

water) and is often located in apartments. (Delangle 2016) 

In particular, there is a distinction between primary and secondary heat sources in the 

energy center (Frederiksen and Werner 2014; Delangle 2016):  

 Primary energy (PE) is a naturally occurring type of energy that has not been 

subjected to any human technical conversion process. This energy is contained in 

raw fuels and                                                         

other forms of energy that go into the system as inputs. Primary energies can be 

renewable heat (solar, geothermal, biomass, etc.) or nonrenewable (fossil fuels). 

 The secondary heat supply refers to the excess heat that can be fed into the network 

(CHP, waste incineration, etc.). 

 

The primary network that transmits and distributes hot water from the heating center to 

the secondary structure plays a crucial role in this system. Precise design minimizes 

heat loss in the grid and energy production. Its main components are: 

 Pipes: Piping consists of supply pipes and return pipe and are usually buried 

underground. Twin pipes, both housed in the same cover, have better thermal 

properties and take up less space, are more popular than other configurations. In the 

new proposals, designs with more than two pipes have been examined, and 

comparisons have shown that the triple type's energy saving is more. Figure 5 

illustrates the structure of a triple tube with a triangular arrangement of pipes inside 

the cover. The smallest pipe is the second flow pipe (hot water flow pipe), the middle 

pipe is the main flow pipe (mostly for space heating), and the most massive pipe is 

the return pipe. Besides, heat losses can be reduced partly by insulating pipes and 

using polyethylene foams. (Shakerin 2016; Nilsson 2016; Delangle 2016; Alsagri et 

al. 2019) 

 

Figure 5 Sketch of a twin-pipe (up), and a triple-pipe with a triangular arrangement (down). (Alsagri et al. 
2019) 
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 Distribution pumps distribute the heat over the network. These pumps are typically 

controlled by variable speed drives for varying flow rates. 

 Pressurization pumps are used to control the small amount of water in the system 

by controlling the pressure. They are also used to prevent water from boiling. They 

are often connected to expansion tanks that can be used to remove excess water 

from the system. 

 Valves are used to regulate flow or separation. 

 The most robust welded Joints 

 

There are several ways to connect a customer to distribution systems. The space 

heating system can be connected directly (Figure 6b, 6d) or with a set of heat 

exchangers (Figure 6a, 6c), each with their own advantages. The DHW system can be 

connected directly to the DH water supply system, where the system is open, and 

nothing returns to the system (Figs.  

6d, 6c). But substations usually use a set of heat exchangers to heat drinking water 

(Figs. 6a, 6b). (Gustafsson and Sandin 2016)  

 

 

Figure 6 Principles of common DH substation-coupling methods. (a) Indirect/closed. (b) 
Direct/closed. (c) Indirect/open. (d) Direct/open (Gustafsson and Sandin 2016) 

In a study of low-temperature systems, Ibrahim Tol illustrated two configurations. 

Substations are equipped with/without a storage tank to supply domestic hot water. In 

the first solution (see Fig.7a), hot water is stored in the tank during charging, and when 

the user consumes the water, the stored water flows for circulation by the heat 

exchanger of the DHW grid. The results show that this configuration has a significant 

reduction in heat load compared to the other. (Ibrahim Tol 2015) 
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Figure 7 Diagram of the two substation types employed: (a) with a storage tank and (b) without a 
storage tank (Ibrahim Tol 2015) 

In one study, Yang et al. evaluated five substation types in a ULTDH. All five stations 

have additional heating devices, which are summarized in the table below. According to 

the measurements, the combination of DHN and different heating devices can meet 

comfort and hygienic drinking water needs. Comparing the measurements and results 

illustrated, posts d and e with separate electric heaters are more energy-efficient and 

economical than the others. (Yang et al. 2016) 

Electric heater without a tank for DHW has both pros and cons points. High safety and 

efficiency are probably the best options for small, single-family apartments with low heat 

demand. However, in large and huge buildings consisting of several apartments, by 

replacing separate electric heaters with a mini HP and buffer, electricity costs are 

significantly reduced. Even in the event of a power outage, hot water is always available. 

Table 3 Practical information on the five measured substations in ULTDH (Yang et al. 2016) 
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Figure 8 Diagram of five substation types with supplementary heating devices installed (Yang et al. 
2016) 

 
 
  Review of studies in low temperature and Ultra low temperature DHN 

Many studies and researches have been done in the field of district heating networks 

and solutions for optimizing these systems and how to equip them to have an efficient 

heating network, some of which can be summarized in the following examples and 

scenarios for small and medium-size: 

 Aste et al. have technically investigated a zero-energy low-temperature heating 

network in Milan, Italy. The proposed energy concept is based on a combination of 

low-energy buildings and high-efficiency technical systems that reduce final energy 

consumption. In this project, fossil fuels are eliminated and fed with renewable 

energy. The thermal power plant consists of a biomass CHP that integrates with a 

groundwater heat pump (GWHP) and solar photovoltaic(PV) systems. This small 

CHP unit with a twin-screw steam expander (TSSE) provides part of the space 
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heating(SH) and the need for domestic hot water(DHW) in winter, and with the rest 

of the winter heat needs and all summer, heat demand is provided by GWHP along 

with PV. This area is designed with sustainability concepts in mind and is technically 

and innovatively interesting, although no information is available economically. The 

electricity demand for heat pumps and electrical devices in office buildings is covered 

by the CHP's electrical output (during operation), by photovoltaic systems installed 

on the ceilings, and by the power grid. The concept of energy supply is shown in the 

following figure. (Aste et al. 2020) 

 

 

Figure 9 Scheme of the energy supply concept of a system with PV+CHP+HPs strategy  (Aste et al. 
2020) 

 The next study is the economic feasibility of an ultra-low-temperature district heating 

system (ULTDH) in a newly built building area in Denmark, which is supplied with 

renewable energies and heat pumps. Meesenburg et al. have compared three 

different designs of the ULTDH system (with water-to-water booster HP at building 

level, with air-to-water HP at building level (the evaporator and compressor unit is 

usually placed outdoors, but was drawn inside for simplicity), and with water-to-water 

booster HP at apartment level) with the performance of a LTDH system (with indirect 

DH substation at building level) including direct preheating of the freshwater (see 

Fig. 10). It was illustrated that in most cases, Low-temperature district heating is 

economically preferred. But at high thermal densities, if the investment cost of a 

central heating unit can be significantly reduced, ULTDH will be possible and even 

more efficient.  

At a temperature of 60°C, it is possible to heat the space and drinking water (DHW) 

directly, but at a temperature of 40°C, to provide hot water, decentralized heating units 
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are necessary to increase the temperature of the network, which can be named as 

follows: 

- Use of heat pumps and thermal storage in substations. 

- Use electricity to reduce heat loss (Meesenburg et al. 2020) 

 

 

Figure 10 Four system design cases of LTDH and ULTDH (Meesenburg et al. 2020) 

Due to the lack of booster HPs and substations expensive systems in LTDHN (flow 

temperature= 55 - 60°C), this system is more economical than ULTDH. Assuming that 

the Heat demand and heat density increase as a result of adding customers to the 

network or turning the one-family house or small apartments into complex apartments, 

it is evident that fuel consumption will increase.  In this case, installing the booster HPs 

in substations, lowering the flow temperature, and replacing new and cheaper devices 

as generators with HPs will make the network more economical.   

 

 Due to the thermal specifications of new buildings and low and Ultra low-temperature 

district heating networks, DHW has emerged as one of the primary energy factors in 

buildings, and its share is continuously increasing because energy consumption in 

other sectors are continually decreasing. Therefore, one of the goals of energy 

optimization is to reduce losses related to the DHW system. Pomianowski et al. 

suggested a paper that various solutions are proposed in the early stages of 

development, but some are more promising: 

- Electric heater without a storage tank. For the reasons already mentioned, an electric 

heater is not recommended for this project. 
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- Optimization of heat pump performance in DHW supply 

o New control method to increase COP 

o Better usage of temperature stratification in storage tanks 

o the decrease in temperature lift between evaporator and condenser 

- Solar-based water production can reduce carbon dioxide emissions. Although a solar 

water heater is a suitable method, the investment costs are high, and the payback 

time is extended. In general, the use of renewable energy is still a costly challenge. 

(Pomianowski et al. 2020) 

 In another article, Behzadi described a district heating network in Esbjerg-Denmark 

with available PVT of a smart building system that provides the building electricity 

demand and the annual hot water needs. The proposed approach is just a heat 

storage tank to create an intelligent balance between the building and the district 

heating and electricity network. Due to not using the battery, there is a significant 

reduction in investment costs. Annual energy costs are offset by selling surplus hot 

water to the local LTDH network. The power output for supplying domestic hot water 

is used in heat storage tanks and pumps, and the rest is used to meet the house's 

electricity demand. (Behzadi et al. 2020) 

 This suggestion is significant, but it should be noted that the buffers inside the 

building cannot store hot water for several days. Therefore, in unfavorable weather 

conditions, such as cloudy skies for several consecutive days, this system is not 

practical, and is better to have a suitable alternative. 

 The next case study is the heating-energy sector's design using the existing energy 

potentials in a residential neighborhood in the Netherlands with a relatively cold 

climate, which means that heat demand is predominant. In the design, four options 

were compared with the desired KPIs (option1: Individual air source heat pump, 

option2: Ultra-low temperature (ULT) heat grid with individual heat pumps and PVT, 

Option 3: Low/medium temperature heat grid with booster heat pumps at the dwelling 

level, option4: High Temperature (HT) heat grid with a collective HT heat pump), 

which are described in Appendix 1. 

The most optimized option is an Ultra-low temperature district heating grid with 

decentralized heat generation from individual PVT collectors on each ceiling of each 

house that connected to underground storage. This approach, called a decentralized 

solar feed-in heat grid, can lead to an innovative local energy system and be a good 

model for other similar neighborhoods. A new application of single PVT panels and heat 

pumps in combination with a ULTDH network. The power output of the panels is 

sufficient for the heating net and heat pumps. Excess heat generated in the summer 

season is exported to the storage network in a seasonal storage system. Jansen 
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emphasizes that this approach has greater energy efficiency and potential for 

sustainability than individual solutions.  (Jansen et al. 2021) 

Unlike the previous case study, this system uses a seasonal storage tank to make the 

system more functional. But studies and results show that seasonal heat storage 

systems are expensive. Therefore, it is not recommended for projects where investment 

and maintenance costs are essential. 

 

 The results of an economic and energy efficiency assessment of LTDHN in three 

European geographical regions (Spain, France, and Denmark) showed that grid-

integrated solar heating systems' performance increases compared to isolated ST. 

And the return on investment (ROI) is faster. (Lumbreras and Garay 2020) 

 

 By researching seasonal thermal energy storage (STES) efficiency in DHNs, 

McKenna et al. have illustrated that achieving 100% renewable energy capacity 

requires a significant amount of storage volume with a final cost of 14% higher than 

the reference cost. But with some measures, such as improving insulation, 60 to 80 

percent of the absorbed solar energy can be used to provide heat to the network 

under study, at the cost of only 1 percent more than the reference cost.  It can be 

estimated that this technology is not affordable at the moment. (McKenna et al. 2019) 

 

 The use of biomass CHPs in low-temperature district heating networks is increasing 

in line with decarbonization policies in Germany and the approval of renewable 

energies budgets. In an article, Koch et al. evaluate the performance of a DHN 

consisting of a CHP, a peak load boiler, and thermal heat storage technically and 

economically. In the simulation model, two cases (natural gas and wood-chip gasifier 

CHP) are compared, which highlights the technical and economic superiority of fossil 

CHP over the biomass system. On the other hand, despite the CO2- tax for natural 

gas as a fuel, which is currently being debated in Germany, it could increase the 

competition for biomass burners. (Koch et al. 2020) 
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Chapter3 

Project Requirement Specification 

 

The project requirements include the technical and environmental details required for 

the project. The parameters used for the dissertation are as follows, which can provide 

a clear idea by justifying the necessary data such as location, heat demand, solar 

radiation, piping length, etc., to design a heating system. 

 

 Location metrological details 

 Evaluation of site 

Dachau is a town in the Upper Bavaria district of Bavaria, a state in Germany's southern 

part. It is a significant district town of the administrative region of Upper Bavaria, about 

20 kilometers (12 miles) north-west of Munich. It is now a popular residential area for 

people working in Munich, with roughly 45,000 inhabitants. The formerly most essential 

pillars of the Dachau economy, brick production, and paper production (closure of the 

MD paper factory on July 1, 2007), decline. Today, larger employers within the city of 

Dachau are the Dachau municipal utilities and municipal companies, the spare parts 

warehouse. Several medium-sized industrial, service, and handicraft businesses are 

concentrated in the east of Dachau. Table 4 shows the site's technical details, including 

the exact location and latitude, longitude, and solar irradiation. The technical parameters 

of the location are taken from the PVSol-online software. 

Table 4 information of site (PVSol 2020) 

Information of location 

Country Germany 

Location Dachau/Bavaria 

Latitude 48.2557456 ° 

Longitude 11.4370778 ° 

Annual global irradiation 1,294 kWh/m² 

Average temperature 8 ° 

Bavarian energy policy's primary goal is a sustainable, secure, and affordable energy 

supply for citizens, municipalities, and companies that is widely accepted and 
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encourages people to participate. According to the latest report of the Ministry of 

economic affairs, regional development and energy in February 2020 in comparing 

primary energy consumption in Bavaria and all of Germany (Figure 11), the development 

of primary energy consumption from 1970 to 2018, especially the share of renewable 

energy (Figure 12) as well as total primary energy consumption (table 5), reflects 

Bayern's good progress in achieving this goal. (Bavarian Ministry of Economic Affairs 

2020b) 

 

Figure 11 Structure of primary energy consumption in Bavaria and Germany (Bavarian Ministry of 
Economic Affairs 2020a) 

 

Table 5 Primary energy consumption from 1970 to 2018 

Total primary energy consumption 

1970 1176 PJ 

1980 1509 PJ 

1990 1784 PJ 

2000 2037 PJ 

2010 2081 PJ 

2017 1946PJ 

2018 1824 PJ 
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Figure 12 Development of primary energy consumption in Bavaria (in percentage) (Bavarian Ministry 
of Economic Affairs 2020a) 

 

 Potential of renewable energies in region 

With the high number of hours of sunshine per year and many solar collectors and 

photovoltaic systems, Bavaria is the leader in the use of solar energy in Germany. 

Bavaria is also a leader in Germany when it comes to using hydropower and geothermal 

energy. When it comes to power generation from bioenergy, Bavaria ranks second 

among the federal states. The share of renewable energy sources is shown in figure 13 

which are taken from the publication of the Bavarian Ministry of Economic Affairs and 

Energy: Current figures on energy supply in Bavaria - forecast up to 2018.  

 

Figure 13 Structure of the share of renewable energies in final energy consumption in Bavaria 2018 
(Bavarian Ministry of Economic Affairs 2019) 
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As shown from the figure, solar, geothermal, and biomass contribute to the heating 

sector with 20%, 97%, and 70% shares, respectively. 

 Solar thermal energy 

In a Germany-wide comparison, Bavaria has very favorable conditions for using solar 

energy. Dachau is located in the south-east of Bavaria, and the highest value of the 

sunshine duration up to 1,800 hours was measured.  

Solar thermal systems are a conversion of solar radiation into heat that takes place. This 

heat is then used in process technology. The following definitions are used in this 

technology: (Pelda et al. 2020) 

 The solar fraction is defined as the percentage of total thermal charge supplied by 

solar energy and is calculated using equation1. 

𝑆𝐹(%) =
      ( )

    ( )
  × 100  (1) 

 The global solar radiation is the radiation of sunlight to the earth's surface. Radiation 

consists of direct and diffuse solar radiation. 

The amounts of annual global radiation sums of up to 1,294 kWh / m2 are obtained. The 

solar details are taken with the help of the PV-Sol calculator and Soda-pro service. The 

monthly irradiations in Dachau are shown in figure 14 and the hourly irradiations are 

shown in figure 15 and 16. In fact, the last two photos compare the amount of radiation 

in winter and summer.  

(CAMS 2020; Bavarian Energy Atlas 2020c; PVSol 2020)  

 

 

Figure 14 Monthly solar irradiations (PVSol 2020) 
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Figure 15 Hourly solar irradiation in winter time 

 

 

Figure 16 Hourly solar irradiation in summer time 

 

 The collector efficiency is expressed as the collector output ratio divided by the total 

usable radiation. A solar collector, also a thermal solar collector, converts solar 

radiation into heat energy. The heat can be used for heating, cooling, water 

disinfection, desalination, etc. Solar collectors are part of a solar thermal system. 

 Flat-plate collectors are probably the most basic and most studied technology for 

solar water heating systems. The general idea of this technology is straightforward. 

The sun heats a dark surface that collects as much energy as possible and then 

transfers the energy to water, air, or other liquids for further use. In most of the 

company's existing projects, Citirin Solar GmbH thermal collectors are used. The 

technical details from the manufacturer are given in table 6; also, the schematics are 

shown in appendix 2. 
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Table 6 Technical details of solar thermal collector (Citrin Solar 2020a) 

Details 
  

Manufacturer 
 

Citrin Solar 

Model 
 

CS 500 

Type  
 

Flat-plate 

Absorber surface 
 

2.36 m2 

Efficiency 
 

67.12% 

Maximum number of parallel 
connections  

15 

 

 The solar gain is the total energy collected per m2 per year. It is the product of the 

global irradiation and the collector efficiency and depends on the location and the 

type of solar system (see Eq. (2)) (Pelda et al. 2020). 

 

𝑸𝒈𝒂𝒊𝒏 =  𝑮𝑮  × 𝜼    (𝟐) 

 
 The area of the collectors is equal to the ratio of required solar energy and the 

amount of solar gain (Eq. (3)) and also the total area of the solar system is estimated 

with an approximate factor of 2.5 in the area of the collectors (Eq. (4)) (Pelda et al. 

2020). 

 

𝑨 =  
𝑸𝒓𝒆𝒒

𝑸𝒈𝒂𝒊𝒏
                  (𝟑) 

𝑨𝒔𝒚𝒔 =  𝑨 × 𝒇𝒂𝒄    (𝟒) 
 

 The number of modules required is equal to the total area of the solar collector 

system divided by the area of a module. 

𝒏 =  
𝐀

𝑨𝑴𝒐𝒅𝒖𝒍𝒆
            (𝟓) 

Tilt and Azimuth angles 

The tilt angle describes the vertical angle of the solar panels, and the azimuth angle is 

their horizontal facing relative to the equator. Solar panels should be exposed to direct 

sunlight to optimize their output, in which case they will perform best. However, it is a 

complicated fact that the sun changes angle during the day and seasons. Since it is 

rarely cost-effective to purchase technology to track the angle of the sun and change 

panels automatically, it is recommended that the elevation angles of the panels be 

changed at the end of each month, as shown in the chart below. Moreover, according to 
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diagram17 and figure18, since the azimuth angle (0˚) is facing north, installing the panels 

facing south better. Data are calculated by Keisan online calculator. (Keisan online 

calculator 2020) 

 

 

Figure 17 Tilt and azimuth angles change in one year 

 

Figure 18 Tilt and azimuth angle in relation to the Equator. (Keisan online calculator 2020) 

 Biomass 

Biomass is used as a solid, liquid, or gaseous energy source. The highest efficiency in 

its use is achieved in the heating sector, especially in heating systems based on logs, 

wood chips, or pellets, and in the electricity sector in CHP plants and biogas from liquid 

manure residual materials. Besides, bioenergy can be stored and used in the form of 

fuel in the transportation system. Energy from biomass has a long tradition.  In Bavaria, 

due to numerous forests, farms, and pastures, biomass was used 12,000 years ago in 

the form of wood or animal dung for heating, cooking, and lighting purposes and today 

is the most important renewable energy source. Bioenergy is experiencing remarkable 

success.  Over 70 percent of the heat generated from renewable energies and around 

25 percent of the electricity generated from renewable energies are obtained from 

biomass. The aim of the Bavarian ministry of economic Affairs and energy is to increase 

further the share of solid biomass in the heat energy market and thus to make a 
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contribution to climate and environmental protection as well as to a stable and secure 

heat energy supply, with the newly launched BioKlima funding program for wood-fired 

thermal plant. (TFZ 2020; Bavarian Ministry of Economic Affairs 2020c; Bavarian Energy 

Atlas 2020a)  

 

Some of other advantages of this type of sources include the following: 

 Heating with wood is just as convenient as heating with oil or gas. Pellet and wood 

chips boilers are fully automatic heating systems that work similarly to oil or gas 

heating. The fuel is automatically transported from a storage room to the boiler. 

Depending on the control, it is also possible to connect solar systems, secondary 

boilers, and other components. Unit heaters also offer a high level of operating 

convenience, for example, when equipped with automatic ignition. 

 Another essential factor when choosing a fuel is, of course, the fuel cost. The raw 

material wood ensures independence from the global development of fossil energy 

prices on international markets. Since domestic wood is generally used for both logs 

and wood chips, prices have been stable for years, while oil and gas prices continue 

to rise sharply. 

 Besides, the regionally renewable raw material is available in sufficient quantities. 

Studies confirm that, as a rule, more trees are afforested than cut down and that in 

no case so much wood is removed from the forest to damage it. Due to the high 

security of supplies and crises, more and more oil heating owners are considering 

switching to biomass heating. 

 Trees absorb carbon dioxide (CO2) from the air as they grow. When wood is burned, 

this amount of CO2 is released back into the environment. The amount of CO2 

released during combustion corresponds to that which is released during normal 

rotting in the forest. Heating with biomass fuels such as wood, therefore, means 

heating in the balance of nature. 

 

Pellet and wood chips 

To decide on the main boiler's choice, pellets and wood chips can be compared in some 

aspects. The diagrams and tables below are taken from the last reports of CARMEN 

(Central Agricultural Raw Material Marketing and Energy Network) and compare the two 

fuels economically and contents. (CARMEN 2020; BAFA 2020a) 
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Figure 19 price development of Wood chips with 35% water content, pellet, Oil and Natural gas 

 

Table 7 price data of pellet in August 2020 

Delivery packages 
 €/t €/MWh 
1 tons 295.26 60.33 
2 tons 270.26 55.23 
5 tons 232.32 47.41 
10 tons 222.85 45.48 
20 tons 215.55 43.99 

The price of 10-ton packages should be considered. 

 

Table 8 Price data of wood chips in August 2020 

Delivery packages 
 €/t €/MWh 
water content of 35% 80.95 26.29 
water content of 20% 121.51 30.8 

Although the amount of carbon dioxide emitted by burning wood chips is slightly higher 

than wood pellets but Compared to wood chips, wood pellets are more expensive, but 

they require less storage space and lead to lower maintenance costs.  This advantage 

speaks in favor of pellets because the storage space can be four times smaller than that 

of wood chips for the same calorific value. Withdrawal technology and the boiler are 

almost the same in both cases regarding technology and acquisition costs. This makes 

the construction costs for the pellet heating cheaper. 
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Table 9 Data details of Pellet and Wood chips 

 
parameters 

  
Pellet Wood chips 

Water content 
% 
 

max.10 max.35 

Bulk weight 
 

kg/m³ 650 210-250 

Energy content 
 

kWh/kg 4.9 3.5 

CO2-Factor tCO2/MWh 0.023 0.029 

 

 Geothermal 

A distinction is made between near-surface (up to approx. 400 m depth) and deep 

geothermal energy (up to approx. 7,000 m depth). Geothermal energy is available 

regardless of the weather and time of day. In Bavaria, using geothermal energy from 

near-surface and deep areas is favorable in many places. The geothermal potential, 

previously developed at depths of 800 m to 5,000 m via deep boreholes in Bavaria, is 

currently used around 380 MW for heat and around 36 MW for electricity 

generation.(Bavarian Energy Atlas 2020b) 

Although geothermal energy has great potential in the heating sector, but regarding the 

average grid size and the initial thumb account, exploiting this energy requires much 

investment and is probably not cost-effective. 

 Industrial heat waste 

Different industries and many mechanical or thermal processes generate heat that is 

dissipated into the environment. This waste heat should be used. That saves energy and 

costs. Because the site is located far from the Dachau Industrial Zone and the two major 

industries in the city are declining, it is impossible to use this resource as a supplier of 

thermal energy. 

 The desired combination of RE for this project 

Considering the conditions and potentials of various types of renewable energies, the 

best combination for implementing the new heating system is biomass, solar and heating 

storage. 
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 Subsides 

There are a large number of different funding programs, each with different 

requirements. The most important sponsor is the federally owned development bank 

(KFW). Moreover, the Federal Office of Economics and Export Control (BAFA) promotes 

the district heating networks' optimization. 

 KFW 

The KFW Renewable Energies "Premium" program particularly supports larger systems 

for using renewable energies in the heating market with low-interest loans from KFW 

and repayment grants financed by the Federal Ministry for Economic Affairs and Energy. 

The KFW program is an initiative of the Federal Ministry of Economics and Energy and 

the KFW for future-proof and sustainable energy supply and environmental and climate 

protection. The following measures of new installation are funded  (KFW 2020a) 

 Solar collector systems 

The funding of solar collector systems can be applied via this mechanism. 

The annual collectors' heat yield multiplied by 0.45 euros. 

 

 Biomass systems for heating purpose 

Up to 20 euros per kW of installed nominal heat output (basic subsidy) for eligible 

biomass plants for thermal use, but no more than 50,000 euros per individual plant. In 

addition, the following bonuses can be used for biomass systems: 

 Bonus for low particle emissions: Up to 20 euros per kilowatt of nominal heat output. 

 Bonus for the installation of a buffer storage tank: The basic subsidy increases by up 

to 10 euros per kilowatt nominal heat output, provided that a buffer storage tank with 

a minimum storage volume of 30 liters per kilowatt nominal heat output is installed 

for the boiler 

The maximum repayment subsidy with bonus utilization is 100,000 euros per system. 

 Heating networks that are fed from renewable energies 

60 euros per newly constructed piping meter, up to a maximum of 1 million euros 

(maximum subsidy amount) under these conditions: 

a. The distributed heat with minimum proportions comes from the following heat 

sources:  
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 At least is provided 20 % from solar heat, otherwise almost exclusively heat from 

highly efficient combined heat and power plants, from heat pumps or industrial or 

commercial waste heat. 

 At least 50%, in the case of heating networks of new buildings 60%, heat from 

renewable energies. Or, 

 At least 50%, in the case of heating networks of new buildings 60%, heat from heat 

pumps. Or, 

 At least 50%, in the case of heating networks of new buildings 60%, heat from waste 

heat. 

b. The heating network has an average minimum heat output of 500 kilowatt-hours per 

year and 500 meters of route over the entire network. 

 Large heat storage 

Two hundred fifty euros per cubic meter of storage volume for eligible large heat storage 

units with more than ten cubic meters of water volume. The maximum repayment 

subsidy per heat storage tank is 1 million euros.  

 

 Biogas pipes 

For eligible biogas pipelines for biogas up to 30% of the eligible net investment costs. 

 House heat transfer stations 

In addition to the heating network subsidy per meter of the route, each house transfer 

station of existing buildings can be subsidized up to 1,800 euros. 

 

 BAFA 

BAFA program support these installations under follow conditions:  

(BAFA 2020b) 

 Solar thermal collector systems 

The subsidy is given to systems with solar collector’s area to 100 m2, the details of which 

are shown in the appendix 3. 
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 Biomass systems for heating purpose 

The subsidy is given to systems with a heat output of 5 to 100 kW, the details of which 

are shown in the appendix 4. 

 Heating network 

100 € per meter of piping will be awarded to the project if the following conditions are 

met: 60% of the heat is fed in from CHP plants or industrial waste heat and heat from 

renewable energies, as long as the heat share from CHP plants in the heating network 

is at least 25%. 

 Heat storage 

The requirements for this funding involve: 

 More than 50% of the heat must come from CHP systems  

 Using industrial waste heat 

 Average heat losses of max. 15 watts/ m² 

The amount of funding is 250 € per m³ storage volume and a maximum of 30% of the 

applicable investment costs for storage tanks over 50 m³. The maximum repayment 

subsidy per heat storage tank is 1 million euros. 

 TFZ 

Strengthening the heat supply with renewable energies is an essential part of the energy 

turnaround and climate protection. If domestic bioenergy is used, supply security and 

regional value creation cycles can be strengthened. The State of Bavaria is therefore 

promoting investments in new, environmentally friendly biomass heating plants for the 

efficient, energetic use of solid biomass, investments in energy efficiency measures, and 

the use of solar heat and waste heat in conjunction with the new investment in biomass 

heating plants in accordance with the regulations. 

The purpose of the funding is to construct biomass heating plants to contribute to the 

implementation of the Bavarian Energy Program and climate protection. The funded 

projects are expected to save up to 5 000 tons of carbon dioxide per year. 

This subsidy includes investment in new environmentally-friendly biomass heating 

systems with a nominal heat output of at least 60 kW. In addition to biomass, solar 

energy or waste heat is also fed to it in this system. The share of waste heat or solar 

heat in the annual heating energy requirement should be at least ten percent. (TFZ 2020) 

 Type of funding 
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Funding takes the form of non-repayable grants (project funding) as partial financing. It 

includes two parts of subsides: primary funding and economizer. 

 System specification 

 The heating system must be newly installed. 

 Existence of storage buffer with a volume of more than 30 liters. 

 Existence of solar heating or/and waste heat which are fed in to system. 

 The biomass boilers must achieve a utilization of at least 2,500 full operating hours 

per year. 

 Nominal heat output of boiler should be at least 60kW. 

 Subsidy rates 

 Basic funding is the maximum financial support for investments in new 

environmentally-friendly biomass heating plants and that is thirty percent of the 

eligible costs. 

 The economizer budget includes 10% of the base budget if the share of solar energy 

is 20% of the energy requirement, otherwise, it will be 5%. (TFZ 2020) 

It should be noted that each project other than the heating network mode can receive 

subsidies from several organizations in combination, provided that it does not exceed a 

specific limit. Nevertheless, in the heating network, subsidies are given to the project 

only by one organization. 

 

 Technical details of the project 

 Available details from Stadtwerke-Dachau 

As mentioned in the project description, the main project is based on the use of CHP 

and gas boilers, in which both generators are supplied by natural gas. One of the 

fundamental reasons for using these components in the network is that 

Stadtwerke_Dachau is the natural gas provider in Dachau. The project includes new 

buildings that meet KFW55 standards. The use of heat pumps in each heat transfer 

station is required below one parameter, which can be used to reduce the required 

temperature to 45°C. Table 10 summarizes the project details; also, in appendix 5, the 

buildings' area is listed individually.  
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Table 10 Basic details of project 

Basic details from Stadterke_Dachau 

Number of buildings 50 

The year of constructions 2020 

The standards of construction KFW55 

Total area 37000 m² 

Buffer storage Yes 

Generators CHP, Gas boiler 

Sub heat transfer stations Yes 

Flow/Return Temperature 45 °C/20 °C 

 

 Determined details from Dme-Consult company 

  The location of heating center 

After a meeting at the company, the best place to set up a heating plant close to the 

project was selected, the area of which is shown in red in Figure 20. 

 

 

Figure 20 The designated location for the heating center 

  Determination of the annual heat load 

A precise estimate of the heat demand is the key to measuring the energy center's heat 

capacity. Therefore, an incorrect estimate of the heat demand can lead to over-

installation and additional investment (Delangle 2016). The annual heat consumption of 

customers has been calculated by Using the available data. The tool available in the 
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company determines the hourly heat demand of residential areas. The following method 

is created to create connection scenarios for the simulator: 

 

 

Figure 21 Methodology and data sources used to estimate heat demand 

 The KfW Efficiency House Standard is a benchmark for energy-saving buildings. The 

smaller the number, the greater the energy efficiency and the higher the house's 

value. Energy efficiency in new buildings is an important part of the energy transition 

and is subsidized by the state. The KfW Efficiency House Standard is made up of 2 

criteria:  

 Total energy required by the property 

 Quality of building thermal insulation 

That becomes with the values of primary energy demand and transmission heat loss 

specified. A KfW Efficiency House 100, which complies with the requirements of the 

Energy Saving Ordinance (EnEV), serves as a reference. Compared to the EnEV 

reference building, the efficiency house 55 only requires 55% of the primary energy. 

(KFW 2020c) 

The EnEV is part of the German economic, administrative law. Thereby, the legislator 

prescribes the requirements of the building standard for efficient energy demand. Based 

on that, a legal permit is issued for the construction projects of residential and office 

buildings. (EnEV 2014) 

Regarding the company's decisions and practical experiences, the specifications of new 

buildings' energy demand according to the requirements of EnEV rules are given in the 

following table. It should also be noted that hot water demand is always constant and 
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calculated according to the table, but space heat demand varies with the change of KFW 

standards.  

Table 11 Energy demand profile of site 

Energy demand profile 

Parameters EnEV Energy demand profile KFW55 Energy demand profile 

Heating demand 45 kWh/m²a 45 *55%= 25 kWh/ m²a 13.75~14 W/m²a 

Hot water demand 11,5 kWh/m²a 11,5 kWh/m²a 6.38~6 W/m²a 

Full hour of usage 1800 h 1800 h 1800 h 

Based on primary data from Stadtwerke- Dachau, including the size of buildings, heating 

and heat water demand (respectively, 14 W/m²a and 6 W/m²a), and other calculations 

and measurements such as the length of piping provided by AutoCAD, customer map, 

and Google earth, and the calculation of heat and pressure losses (the results can be 

found in Appendixes 6,7 and 8). These losses are estimated by the pressure loss tool 

developed in DME and Log Stor calculator. As heat demand fluctuates throughout the 

day and year, the building's annual heat demand data shows nothing about its heat 

consumption pattern. For this reason, the heat demand profiles were created using 

existing consumer archetypes. The model developed by Dme-Consult was chosen for 

this purpose. This model was used to create the hourly characteristics of heat demand 

consumption during the year. The model inputs were adjusted according to the average 

annual heating requirement and depending on the type of building, area, and use of the 

building. The Summary of calculations and load curves are shown as follow: 

Table 12 Annual heat demand 

Annual heat demand 

Annual heat demand 1,316,765 kWh 

Annual heat losses 118,370 kWh 

Average annual output 1,435,149 kWh 
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Figure 22 Heating Demand per hours during a year 

 

 

Figure 23 Hot water demand per hours during a year 

 

 

Figure 24 Total heat demand annually 

 

 

Figure 25 Heat Load 
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 Low-temperature DHN with CHP and gas considering boiler 

 The simulation results of the heating center with CHP and gas considering 

boiler provided by the company (Scenario1- Variant1) 

According to calculated data, this system's peak load is 595 kW, and the simulation has 

been done based on this value. 

After the simulation, two configures were the best, which the results came in table 13. 

As one CHP unit has an awful part load behavior and 2 CHP units in the system are 

recommendable for maintenance periods, the configure 1 has been selected. 

 

Table 13 The simulation results of heat plant in DHN in Dachau 

 

In the simulations carried out, the operation was based on a partial load operation. In 

principle and simplified form, it can be said that the gas boiler simulated here does not 

operate at full load - i.e., 100% of its possible output (Gas boiler output =508 kW). The 

planned gas boiler should run at full load if necessary (upcoming maintenance work or 

malfunctions on the CHP unit side).  The remaining time should run under partial load.  

so, the final generators’ design would be as follow: 

Table 14 Final generators design 

 

 Sub heat transfer stations 

Figure 26 is intended to illustrate better the function and concept of the heat transfer 

station in conjunction with the integrated heat pump and the generator on the heating 

center's side. Heat transfer station systems obtain their source temperature from the 
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temperature level of the network. This possibility is a stable and well-thought-out basis 

connected with a planned district heating network in the new building area. Also,  houses 

could use this system to increase their domestic hot water temperature levels. However, 

there should be supply via this system. 

 

Figure 26 PI diagram of heat transfer station 

 

• Every building has its own undersupply, which is connected to the heating center via 
the pipes. 

• The district heating network is operated with low flow temperatures in order to keep 
the heat loss within the network as low as possible. 

• The heating circuits (underfloor heating) and the preheating stage of the hot water 
preparation are supplied directly. 

• The integrated heat pump uses the DHN as a source and increases temperature for 
the stage of the hot water preparation. 
 

The technical information of heat pumps provided by PEWO company is given in Table 

15: 

Table 15 Technical information of heat pumps 

Type of heat 
pump 

Data Quelle:55/35°C 

Heizung:65/50°C 

SW05 HT 
COP 4.8 

Heating output(kW) 10.5 

SW07 HT 
COP 5.4 

Heating output(kW) 17.2 

SW12 HT 
COP 5.3 

Heating output(kW) 27.3 
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Annual electricity consumption for running the heat pumps is 79,670 kWh/a, which has 

been brought in appendix 9 in detail. 

 CHP units 

Even though generated electricity of CHP is not used in DHN at this stage of the project, 

the project manager has chosen CHPs as the main generators for several reasons: 

 CHP fuel is natural gas which is supplied by Stadtwerke-Dachau itself. 

 In case of an increase in heat demand and customers are added to the heating 

network, CHP heat losses can be used as the heat source of an air-to-water heat 

pump. 

 the generated electricity by CHP is injected into the local electricity network and 

make revenue through it. 

The technical specification of the selected units is mentioned in table 16, and module 

diagrams, and datasheets are shown in appendixes 10 to 13. (YADOS 2020) 

 

Table 16 CHP units details 

Parameters 
 Unit 1 Unit 2 

Manufacturer 
 

YADOS YADOS 

Model 
 

EG-70 EG-60 

Type 
 

Natural gas type Natural gas type 

Electricity Capacity 
 

70 kW 64 kW 

Electrical efficiency 
 

34.4 % 36.1% 

Thermal Capacity 
 

113 kW 94 kW 

Thermal efficiency 
 

55.4 % 53.1 % 

Fuel consumption 
 

204 kW 177 kW 

Required Electricity  
 

0.30 kW 0.30 kW 

 
 
 

 Gas considering boiler 

A condensing boiler is a boiler for hot water heating that uses almost all of the fuel use 

d’s energy (calorific value). With condensing boilers, the flue gas is cooled down as far 
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as possible, and the condensation heat (= latent heat) of the water vapor in the flue gas 

is used to provide heat. Different substances are produced during combustion depending 

on the type of fuel, combustion temperature, oxygen content, and other factors. If the 

exhaust gas is cooled below the dew point, its condensable substances begin to 

condense. 

 The gas boiler covers the peak load. All projects of the company are equipped with the 

Viessmann GmbH gas boilers. These products can be running with all types of gases. 

The primary data from the manufacturer is given in table 17; also datasheet is in 

appendix 14. (VIESSMANN 2020) 

A Gas boiler consists of the following parameters. 

 Efficiency = Boiler efficiency is a measure of how effectively chemical energy in fuel 

is converted into heat energy (GoldsWorthy et al. 2013) 

 Nominal heat output = It is defined as the maximum output heat of a boiler 

 Required Electricity = The amount of electrical energy required to operate the boiler 

per hour. 

 Flow temperature (Tflow)/ Return temperature (Tret) = The temperature of the water 

which is flowing from the boiler and reaches the consumers through the pipes and 

delivers heat to them, so it returns to the boiler at a lower temperature. 

Table 17 Gas considering boiler details 

Parameters 
 

 

Manufacturer 
 

Viessmann 

Model 
 

Vitocrossal 300 

Type 
 

CT3B 

Thermal Capacity 
 

508 kW 

Required Electricity  
 

3 kW 

Tflow/Tret 
 

50°C/30°C 

Efficiency 
 

98 % 

 

 Thermal storage 

Thermal energy storage includes the temporary storage of high or low-temperature 

thermal energy for later use. For example, storage of excess solar energy in summer 

and use in winter called seasonal storage or heat storage outside of peak hours for use 
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during peak demand hours. TES is an excellent option to compensate for the mismatch 

of demand and access to heating energy and optimize the heat supply system. The 

benefits of using TES in an energy system include increased overall efficiency and better 

reliability, leading to better economies, reduced investment and running costs, and less 

pollution to the environment, i.e., less carbon dioxide emissions. (Dincer and Rosen 

2013; Dinçer and Rosen 2010)  

There are three methods for TES at temperature -40°C to over 400°C which is depended 

on the nature of the process: 

 Sensible heat for water heating system or in the system with air heating collectors, latent 

heat associated with phase change materials (PCMs) can also be used in the system 

with air heating collectors, and chemical heat storage associated with chemical reactions 

that provide storage for photovoltaic or photochemical processes. (A Comprehensive 

Review of Thermal Energy Storage 2018) 

Sensible heat storage (SHS) is the simplest method of storing thermal energy by heating 

or cooling a liquid or solid storage medium in which water appears to be the cheapest 

option with high specific heat. It is also the most popular and commercial storage of heat, 

which has several residential and industrial applications (a cheap alternative without the 

risks associated with the use of toxic substances). (Guelpa and Verda 2019) 

Water tank storage as short-term storage and underground storage as seasonal storage 

are two different types of SHS that can be used in DHN with solar thermal collectors. 

According to the advantages given in paper of Elisa Guelpa and the limited possibility of 

using seasonal thermal energy storage (STES), which is summarized below, in this 

project, short-term storage is examined. (Guelpa and Verda 2019) 

 The most widely used TES in DH for short-term applications are water-filled tanks. 

 Heat exchangers are not required because water is both a storage medium and a 

heat transfer fluid (HTF). 

 Technology and design of this technology is simple and well known. 

 The project's size is not so big, and the water tank storage can manage the system's 

thermal energy supply. 

 One of the project goals is to minimize the area involved in the central heating plant. 

 Due to the high investment cost in installing this type of storage and the amount of 

heat demand, its installation is not economical. 

 The figure 27 shows a heating system which is optimized with a buffer storage.  
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Figure 27 Schematic of a system with solar collector, boiler(gas, oil, wood, CHP etc.) and thermal 
storage tank (A Comprehensive Review of Thermal Energy Storage 2018) 

The SHS system utilizes the storage medium's heat capacity and temperature change 

during the charging and discharging process. The amount of heat stored depends on 

the specific heat temperature, the temperature change, and the amount of storage 

material. 

𝑄 =  𝑚𝑐 𝑡 − 𝑡      (6) 

Where: (A Comprehensive Review of Thermal Energy Storage 2018) 

Qs: The quantity of heat stored in Joules or 0.000000277777778 kWh 

m:  The mass of heat storage medium in kg 

cp:  The specific heat in J/(kg.K) 

ti:   The initial temperature or tflow in °C 

tf:   The final temperature or tret in °C  

Water has a particularly high heat capacity (about 4180 kJ·m−3·K−1) and The mass of 

each cubic meter of water is equal to 1000 kg.  

For the current project, Citirin solar GmbH thermal storage, which is located in Bavaria 

state and is a useful option to reduce shipping cost, is selected.  The technical details 

from the manufacturer are given in table 18, also the hydraulic scheme is shown in 

appendix 16. 
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Table 18 Technical details of Buffer storage (Citrin Solar 2020b) 

Details 
  

Manufacturer 
 

Citrin Solar 

Model 
 

PS 

Type  energy storage for the use of 
Solid fuel, pellet, gas, oil 
boilers and CHP and solar 
thermal 

Max. Temperature 
 

95°C 

Material 
 

Steel S 235 JRG 2, raw 
inside, primed outside 

Insulation  
 

120 mm  

Capacity 
 

23000 liters 

Environmentally friendly 100% recyclable fiber fleece 
insulation 
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Chapter 4 

Optimization 

 

The overall goal of optimizing a district heating system is to minimize GHG emissions 

and operation and investment costs. In this case, the higher share of the SF means 

a lower share of fuel energy and electricity consumed in pumps and auxiliary heating 

devices (Etot) and also, leads to reduce GHG emission. Therefore, the optimization 

of the volume of buffer storage, the total area of thermal collectors, and SF are 

presented in the following.  (Fu and Li 2018) 

 

 Volume of buffer 

Comparison of the SF in different volumes of a buffer should be made in a common 

collector area. According to Equations 1 to 3, to have an SF of 20%, the collector area 

is calculated to be about 300 square meters. In the simulator, to reach the actual size, 

the required area starts from 300m2 and reaches a minimum of 470m2 with increasing 

the area of the collectors. This gap between theoretical size and the actual size is since 

the sun's supply of energy seldom corresponds to the times required for heat. As shown 

in Figure 28, to achieve SF of 20 %, the minimum buffer volume required is 29 cubic 

meters. Also, with a massive increase in buffer volume, the SF rises by only 3%. On the 

other hand, The Etot trend is slightly decreasing. Due to the initial investment trend 

(Fig.29) of the system with different buffer volumes, 29 cubic meters seems to be the 

most optimal choice. 

 

Figure 28 Relationship between volume of buffer, Etot and SF. (Area of solar collectors is 470 m2) 
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Figure 29 Total investment costs of the system (Area of solar collector is 470m2) 

 

 Area of solar collectors 

Raising the solar collector’s area from 470 m2 to 770 m2, at a constant buffer volume of 

29 m3, leads to an increase of only SF of 5% and a slight decrease in the Etot (see 

Fig.30).  with considering the sharp increase in the investment chart (see Fig.31), it 

seems that the minimum solar collector's area is applicable for an optimal system. 

 

Figure 30 Relationship between area of collectors , SF and Etot 

 

Figure 31 Total investment costs of the system (The volume of buffer 29m3) 
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After adjusting the optimal values obtained, the proportion of solar energy used in the 

system with 289,147 kWh/a and the amount of solar energy absorbed by the collectors 

in the correct position and angle with 409,963 kWh/a, Is 0.705. This means that the 

storage tank in the most optimal system saves only 70.5% of solar energy.
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Chapter 5 

Designing a new plant with integrating renewable 

energies  

 

As described in Section 3.1.2.5, and since power generation is not currently important in 

the project, the ideal combination for an integrated heating system with renewable 

energies, solar thermal collectors, gas boilers, biomass boilers, and heat storage. It is 

necessary to re-stimulate with new components to design a new heating network by 

combining renewable energies, solar energy, and biomass. 

 

 Simulation 

Two different simulators perform the results of two-phase simulation of the project. The 

main project was done with an internal simulator, and then for the following reasons, it 

has been decided that another tool with some modifications would be designed and 

used. 

 Disclosure and use of company tools outside the company are not possible. 

 This tool is difficult to work with, and if no response is received or information is 

entered incorrectly, the user will have to restart the simulator. It is very effortless to 

work with the new tool designed in Excel, and in case of wrong feedback, you can 

change the values and compare the results. 

 The calculated value of the buffer volume is not an exact value, and in practice, a 

smaller volume can be used for this purpose and to cover heat losses. 

 The collectors' solar output is not accurate due to the lack of accurate information 

about regional radiation, and the calculated area is much larger than the actual area. 

This is the highest tool defect due to the high cost of investing in solar heating and 

boilers systems. Annual solar irradiation information of region per hour is added to 

the new tool.  

 In the company simulator, 10% of the required heat energy is supplied by electrical 

heating elements in buffer storage. Considering the best efficiency (100%) for 

converting all the consumed electricity into heat, it is not cost-effective at all in high 

amounts of heating energy demand due to the high cost of electricity. In the new tool, 

the heating elements are removed. 
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 Methodology and data sources used for designing of the energy Centre 

To provide the required heat, designing an optimal heat center is the primary goal of this 

system. As described in the previous section, one of the most optimal layouts is to reduce 

fuel energy by increasing the share of solar energy in energy production at the lowest 

possible investment cost (ie, the lowest number and area of the collector). On the other 

hand, according to the company's practical, an optimistic estimate of the buffer volume, 

which is the balance between heat production and demand during peak and off-peak 

hours, would increase the nominal generator output to 80% of the maximum heat load. 

Also, in a solar heating system, the SF increases with decreasing generator operating 

hours. In both cases, there is a reduction in fuel consumption and GHG emissions. The 

following methodology shows the simulation method used in the project: 

 

Figure 32 Methodology and data sources used to design of the energy centre 

 

 The new results of the non-RE system’s simulation (Scenario1-Variant2) 

Since the goal is to compare the two systems, it is better to evaluate the system 

consisting of CHP units and gas boiler with the same components in the new simulator, 

the result of which is presented below. 
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Table 19 The results of the non-RE system’s simulation in the new tool 

 

 The results of the RE system’s simulation (Scenario 2) 

The simulation results are shown in following table which is included two different 

configures. One of them with less buffer volume and more solar surface and another 

variant vice versa. 

Table 20 Simulation results of system with solar and biomass energy 

 

 

Here, as in the previous system, the output capacity of the gas boiler must be sufficient 

to meet the energy demand during maintenance and shutdown of the main boiler and 

regarding to the optimization results in last section, the first option seems more 

economical. Also, by calculating the number of modules (see Eq.5) and after rounding 

their number, 200 are estimated. Therefore, the final area of the solar system is 472 

square meters. Therefore, the results change according to the table below. 

Table 21 Final simulation results of RE system 
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 Technical details of new heating plant 

 Solar thermal system 

The desired solar system includes 200 Citrin-solar collectors (see table .6) with a total 

area of 472 square meters. 

 

 Solid biomass boiler 

As mentioned in Section 3.1.2.2, wood derivatives are good options for a district heating 

project due to the financial backing of investment costs. Moreover, considering the 

advantages of pellets, this type of boiler is suitable for this project. 

Pellet boiler 

This heating plant could be equipped with a pellet boiler of Froeling products which is 

detailed in the following table. The components of boiler are shown in appendix 17. 

Table 22 Data sheet of Pellet boiler 

Details 
 

 

Manufacturer 
 

Froeling 

Model 
 

PT4e 

Type  
 

Pellet boiler 

Thermal Capacity 
 

230 kW 

Efficiency 
 

98% 

Required Electricity  
 

146 W/h 

Max. Temperature 
 

90°C 

Pellet storage  
 

24 m³ 

 
 

 Biogas peak load boiler 

In a district heating network with a central gas boiler and only for heating purposes, a 

maximum share of 10% of biogas can be used. Changing the contract from natural gas 

to biogas is free. Despite the biogas contract, consumers continue to take natural gas 

from the pipeline. The provider feeds the biogas into the gas network elsewhere and it 
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works without technical upgrading. To do this, the newly installed heating system must 

correspond to the current state of the art, e.g. with a condensing boiler. (EWärmeG 2020)  

Based on the simulation result and since Viessmann gas considering boilers are capable 

of refueling from biogas, the same gas boiler of the main system with detailed 

specifications of table 17 is selected.  

A comparison of natural gas and biogas tariffs shows that natural gas has a higher cost 

and, in addition, the amount of CO2 emission from biogas fuel is lower than natural gas. 

(BAFA 2020a; Logo Energie 2020) 

Table 23 Comparison of biogas and natural gas , 

Parameters Natural gas Biogas 

Energy price Cent/kWh 5.03 3.45 

Base price €/Year 595 408 

Provider   Stadtweke-Dachau Logo Energie 

CO2-Factor tCO2/MWh 0.202 0.148 

But it should be noted that the estimated cost of biogas is for this area. In other parts of 

Germany, due to the high cost of transportation or the shortage of biogas plants nearby, 

prices may rise, and biogas injection will not have a positive effect. 

 Thermal storage 

According to section 3.3.2.7, for this system, the Citrine solar storage tank is selected 

with the same details as Table 18 but in a different volume (29 cubic meters and 

depending on the simulation results). 

 

 Layout of heating Centre with renewable energies  

Network heating center includes 472 m2 of solar thermal collectors and pellet boiler as 

the principal generators, a gas boiler that supports the system during peak hours, and a 

29 m3 heat storage which balances the heat generated during off-peak hours and 

consumption during peak hours. 

To bring the supply heat temperature to 45 degrees, solar energy is a priority. If more 

heating is needed, for example, in cold seasons, cloudy times, nights, etc., the pellet 

boiler is set. Besides, during peak hours, if these two generators and the buffer volume 

do not meet the heat demand, the gas boiler compensates for the lack of energy. 

Due to the lack of need for space heating, solar energy provides a large part of the heat 

demand in summer. A large portion of it is stored in the buffer during the day and used 
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at night. The network uses underground twin pipes for piping to substations. This 

technology has a high share of energy savings and efficiency and dramatically reduces 

heat loss. 

 

Figure 33 The layout of desired heating plant with RE 

 

 

Due to several apartments in each building, this type of substation is selected, with two 

buffers and a mini heat pump. The heating of the building space is from 20 to 30, so the 

water supply of 45°C by a HX with return water has reached the desired temperature 

and, in a way, is used directly. But to have hot Drinkwater of 60°C to 65°C, a mini HP is 
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used. Hot water is stored in buffers to minimize electricity consumption for running HP.

 

Figure 34 The layout of desired DH Grid 
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Chapter 6 

Financial part 

For the financial evaluation of the selected with /without RES, the incomes, expenses, 

subsidies, and the systems' initial investment is defined. In the incomes, the cash flow 

inputs come from the revenue of supplying district heating to customers and feeding 

electricity by CHP units into the grid per year. Therefore, the payback time will be 

determined by the incomes generated by the outcome of DHN. On the other hand, the 

yearly expenses are generated by the Operation and Maintenance (O&M) costs. 

 Subsides 

According to the explanation of how to calculate subsidies in Section 3.2, the results are 

summarized in Table 24 and its details are given in appendix 18. 

Table 24 Subsides calculation results 

Subsidies 

 Subside program  RE-system Non-RE system 

KFW  361,818 €  5,500 € 

BAFA  0 €  202,920 € 

TFZ  23,100 €  0 € 

Total  384,918 €  208,420 € 
 

 Costs 

 Fuel Costs 

The first system consists of CHP units and a gas boiler, which consume natural gas, and 

the second system is supplied by wood pellets and biogas. Details of all three types of 

fuel are given in the previous sections. The cost of natural gas and biogas is calculated 

according to Equations 7 and 8. 

𝐸𝑃(€) =  𝐴𝑛𝑛𝑢𝑎𝑙
𝐹𝑢𝑒𝑙

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦
𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝑘𝑊ℎ) ×

𝑡ℎ𝑒 𝑝𝑟𝑖𝑐𝑒 𝑜𝑓 𝐸𝑃 𝑝𝑒𝑟 𝑘𝑊ℎ

100
 

𝐶𝑒𝑛𝑡

𝑘𝑊ℎ
     (7) 

𝐴𝑛𝑛𝑢𝑎𝑙 𝐹𝑢𝑒𝑙/𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑠𝑡 (€)  =  𝐸𝑃 (€) +  𝐵𝑃 (€)                                                                   (8)    

 

The price of pellets can be calculated in two ways and with information on the amount 

of fuel in kilograms or kilowatt-hours. 

𝑃𝑒𝑙𝑙𝑒𝑡 𝑐𝑜𝑠𝑡 (€)  =  𝐴𝑛𝑛𝑢𝑎𝑙 𝑃𝑒𝑙𝑙𝑒𝑡 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝑘𝑊ℎ) ×  𝑝𝑒𝑙𝑙𝑒𝑡 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑘𝑊ℎ (€/𝑘𝑊ℎ) (9) 
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𝑃𝑒𝑙𝑙𝑒𝑡 𝑐𝑜𝑠𝑡 (€) =
𝐴𝑛𝑛𝑢𝑎𝑙 𝑝𝑒𝑙𝑙𝑒𝑡 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝑘𝑊ℎ)

𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑒𝑙𝑙𝑒𝑡 (
𝑘𝑊ℎ
𝐾𝑔

)
 ×  𝑝𝑒𝑙𝑙𝑒𝑡 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝐾𝑔 (€/𝐾𝑔)       (10)   

Table 25 Fuel costs of both systems per year 

Fuel-types  RE system Non-RE system 

Natural gas  0 €  120,251 € 

Biogas  6,862 €   0 € 

Pellet  44,675 €   0 € 

Total  51,537 €  120,251€ 
 

 Investment costs 

For the selected systems, each part’s costs were provided directly by the manufacturer 

and with a rule of thumb from the company. The investment cost for both systems are 

summarized in the following table: 

Table 26 Investment costs 

 

 Maintenance and operation costs 

These costs include three categories: heating components, building automation, and 

building electrical systems. The calculation of this cost is equivalent to a percentage of 

the investment costs, which in all cases except the CHP unit and solar thermal system 

(with 6% and 1.5% respectively) is equal to 2.5%. The costs of both systems are listed 

in the table below. 
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Table 27 M&O costs 

 

 

 Electricity costs 

This cost is divided into two electricity consumption costs of heating network components 

and the amount of electricity produced by CHP units and sold to the electricity network. 

The required electricity calculation components include boilers and CHP units, which are 

approximate but close to the actual value. Besides, the cost of consuming heat pumps 

at each heat transfer station is paid by customers and is not included in the system's 

recurring costs. The simulation results of both systems are shown in the table below. 

Table 28 Electricity details 

Components 
Electricity consumption (kWh/a) Electricity output (kWh/a) 

RE System Non-RE system RE System Non-RE system 

Boilers 1,694 1,807 0 0 

CHP units 0 1,691 0 721,708 

Heating elements 0 0 0 0 

Total 1,694 3,498 0 721,708 

     

Heat pumps 79,670 79,670 0 0 
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 The outcome of CHP units 

According to the BHKW-consult, there are two feed-in tariffs. 

 The specific subsidy rate - i.e., the cents per kWh that a CHP system receives in the 

first ten years or the first 30,000 operating hours regardless of whether the electricity 

is used by the customer or fed into the power grid. 

 The feed subsidy rates refer to the cents per kilowatt-hour that a CHP system fed 
into the power grid.  

(BHKW-Consult 2020) 

Table 29 The price of electricity output and fed into grid from CHP unis 

 net prices 2020 outcome of CHP units 

The specific subsidy rate (€) 4.53 Cent/kWh 32,686 

The feed subsidy rates (€) 6.07 Cent/kWh 43,799 

Total price per year (€) 
The first ten years 76,501 

After the 10th year 43,808 
 

 Electricity consumption cost 

Stadtwerke-Dachau supplies the electricity required for the area, the price of which is 

calculated according to the table prepared from Stadtwerke-Dachau and equations 7 

and 8. 

Table 30 Electricity price details from Stadtwerke-Dachau 

 net prices 2020 RE System Non-RE system 

Energy price (€) 0.3094 €/kWh 524.25 1,082 

Base price (€) 74.74 €/Year 74.74 74.74 

Total price per year (€)   599 1,157 

 
 

 CO2 prices 

The federal government will invest the income from CO2 pricing in the climate protection 

program measures - for example, for climate-friendly transport and energy-efficient 
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buildings. Currently, the price of carbon dioxide is 10 euros per ton. With the federal and 

state governments' agreement in the mediation committee, it will change the price of 

CO2 from January 2021 at 25 euros per ton. After that, the price will gradually increase 

to 55 euros in 2025. By 2026, the price range should be at a minimum of 55 and a 

maximum of 65 euros. (The federal government 2020) 

In this project, the average price of carbon dioxide for the years between 2021 and 2025 

is 40 euros, and from 2025 onwards, 60 euros. The CO2 factors are taken from BAFA. 

As stated in the carbon dioxide emission guidelines, the district heating factor is 0.28 

and a relative value that should increase or decrease depending on fuel type.  This fee 

is one of the parameters in the customer invoice and is paid by them. The table below 

compares the CO2-pricing of both systems with fossil fuels and renewable energies. 

(BAFA 2020a)  

The CO2 price is calculated via the following equation: 

 

𝐶𝑂2 − 𝑝𝑟𝑖𝑐𝑒𝑠 (€) = 𝐶𝑂2 − 𝑓𝑎𝑐𝑡𝑜𝑟 (𝑡/𝑀𝑊ℎ)  ×  (𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐹𝑢𝑒𝑙)/1000 (𝑀𝑊ℎ) ×  𝐶𝑂2

− 𝑝𝑟𝑖𝑐𝑒 (€/𝑡)    (11) 

 

As can be seen, although the actual emission cost in a renewable energy system is 

much lower than the cost of emitting a district heating system, according to government 

policies, the emission cost is considered the same for both systems. 

Table 31 CO2-Pricing 
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 The district heating price 

The district heating price (DHP) consists of a part that depends on consumption and a 

part that is independent of consumption. (neu-Stadtwerke 2020) 

 Base price (BP) refers to all fixed components of the costs - the costs incurred 

regardless of actual consumption - are in district heating basic price included. The 

fixed costs mainly consist of the capital costs for generating plants, transport lines, 

transfer stations, and the personnel costs for operation, maintenance, and repair. 

 Energy price (EP) is covering the fixed costs of the district heating price. This is 

consumption-dependent, and it is directly related to the amount of heat you use. The 

energy price covers the cost of using fuel to generate district heating. 

 Measurement price (MP) is also independent of consumption. It includes the district 

heating counter (heat quantity calculator) and the costs for metering and billing.  

 

With 1,435,149 kWh Annual consumption and 732 kW connected load, the price of 

district heating that will be received from customers on an annual basis is calculated 

according to the following formulas and results are shown in the following table.  

 

 

𝐸𝑃 =  𝐴𝑛𝑛𝑢𝑎𝑙 ℎ𝑒𝑎𝑡 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝑘𝑊ℎ)  ×  𝑛𝑒𝑡 𝑝𝑟𝑖𝑐𝑒 𝑜𝑓 𝐸𝑃 (€/𝑘𝑊ℎ)    (12) 

𝐵𝑃 =  𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑙𝑜𝑎𝑑 (𝑘𝑊)  ×  𝑛𝑒𝑡 𝑝𝑟𝑖𝑐𝑒 𝑜𝑓 𝐵𝑃 (€/𝑘𝑊)                             (13) 

𝑀𝑃 =  𝑁𝑒𝑡 𝑝𝑟𝑖𝑐𝑒 𝑜𝑓 𝑀𝑃 ×  12                                                                                   (14) 

𝐷𝐻𝑃 =  𝐸𝑃 +  𝐵𝑃 +  𝑀𝑃                                                                                             (15) 

 

Table 32 District heating prices (connection load is greater than 16 kW) 

 net prices 2020 District heating 
prices per year 

Energy price 0.0608 €/kWh 87,257 € 

Base price 37.85 €/kW 27,706 € 

Measurement price 33.23 €/Month 399 €  

Total price   115,362 € 
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 Low interest loans 

To advance both projects and since the buildings are built according to KFW standards, 

the existing KFW program and its defined loans can be used.  

 

 Loan amount 

• a maximum of 25 million euros per project 

• Up to 100% of the eligible costs are financed. 

(It is assumed that 90% -100% of the project investment cost will be covered by the 

loan). 

 

 Duration and fixed interest rates 

 Up to 5 years with a maximum of 1 grace year and a fixed interest rate for the entire 

term of the loan 

 Up to 10 years with a maximum of 2 grace periods and a fixed interest rate for the 

entire term of the loan 

 Up to 20 years with a maximum of 3 grace years for investment projects with a 

technical and economic life of more than 10 years.  

According to the KFW risk-based interest system Instruction sheet, this project can be 

financed under the best price range and with a 1.76% annual interest rate. (KFW 2020b) 

 Loan Payment Calculations 

The loan repayments consist of two parts: the part that reduces the balance to repay the 

loan and the part that covers the interest on the loan. There are some essential factors 

to calculate the amount of repayment of a loan. 

 Loan term refers to the loan repayment period is until settlement. Shorter loan terms 

generally mean higher repayments but less interest in the long run, while more 

extended repayments reduce annual repayments but have higher interest rates over 

the loan's life. 

 The grace years means the specified deadline after the due date can be paid without 

penalty. 

 The interest rate is the amount that the lender sets as a percentage of the loan 

principal. Interest rates are usually recorded annually, known as the annual 

percentage rate (APR). 

 

𝐴𝑛𝑛𝑢𝑎𝑙𝑙𝑦 𝑟𝑒𝑝𝑎𝑦𝑚𝑒𝑛𝑡 =
𝑎

𝑛
                  (16) 
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Where: 

a:  The amount of the loan 

n: Loan term – grace years 

 

After the calculation for the initial investment, annual incomes and expenses, the annual 

project cash flow and the overall project balance (for N years) must be determined using 

the following formulas: 

𝐶𝑎𝑠ℎ 𝑓𝑙𝑜𝑤 = 𝐼   − 𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠 − 𝐶𝑎𝑠ℎ 𝑓𝑙𝑜𝑤 𝑓𝑟𝑜𝑚 𝑏𝑎𝑛𝑘 𝑙𝑜𝑎𝑛           (17) 

𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐵𝑎𝑙𝑎𝑛𝑐𝑒 = 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 + 𝐶𝑎𝑠ℎ 𝑓𝑙𝑜𝑤                                                    (18) 

 
𝐶𝑎𝑠ℎ 𝑓𝑙𝑜𝑤 𝑓𝑟𝑜𝑚 𝑏𝑎𝑛𝑘 𝑙𝑜𝑎𝑛 = 𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑜𝑛 𝑏𝑎𝑛𝑘 𝑙𝑜𝑎𝑛 + 𝑟𝑒𝑝𝑎𝑦𝑚𝑒𝑛𝑡                               (19) 

 
𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑜𝑛 𝑏𝑎𝑛𝑘 𝑙𝑜𝑎𝑛 = 𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒 × 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑑𝑒𝑏𝑡                                                      (20) 

 
𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑑𝑒𝑏𝑡 = 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑑𝑒𝑏𝑡 𝑜𝑓 𝑙𝑎𝑠𝑡 𝑦𝑒𝑎𝑟 −  𝑟𝑒𝑝𝑎𝑦𝑚𝑒𝑛𝑡                                                (21) 

 
 
 

Where: 

𝐼    : Income from generated heating and electricity and emission price. 

Expenses: Payments for annual electricity consumption, fuel costs, and R&O expenses 

 

The projects' duration is 20 years; therefore, the project's cash flow and the project's 

balances are determined for this period, and the results are summarized in the appendix. 

For both projects, there is no return on investment in the 20 years until the bank 

installments are completed, and if we assume that there is no fixed equipment and 

reinvestment, the return on investment is possible after the twentieth year. Besides, the 

internal rate of return (IRR) of the project alignment was calculated using an Excel tool.  

The final financial results of the projects are shown in the following graphs: 
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Figure 35 Cash flow diagram of the project with integrating RE 

 

 

Figure 36 Cash flow diagram of the project without integrating RE 

 

  Financial results 

 

Finally, a summary table with the financial results of the projects is presented: 

Table 33 Financial results of the projects in a standard energy price 

Description 
Value 

RE system Non-RE system 

Internal Rate of return (%) 36% 37% 

Payback time (years) 28 44 

Final project balance (Euro) € - ,  € - 1,427 

Duration of the project (years) 20 20 

Although both systems do not seem to be economically viable, the renewable energy 

system is a priority due to lower payback time. 



 Chapter 6: Financial Part 

59 | P a g e  
 

On the other hand, with proper pricing for district heating costs, the system can be made 

more valuable for investment. The results of the applied price change as well as 

considering the 95% loan are given in the following tables. 

Table 34 Financial results (energy price=7.71 cent/kWh) 

Description 
Value 

RE system Non-RE system 

Internal Rate of return (%) 40% 28% 

Payback time (years) 2.5 26 
 

Table 35 Financial results (energy price= 9 cent/kWh) 

Description 
Value 

RE system Non-RE system 

Internal Rate of return (%) 83% 82% 

Payback time (years) 2 2 
 

As it turns out, with a slight increase in the price of energy, a heating system integrated 

with renewable energy is a cost-effective system to invest in.  
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Chapter 7 

Discussion 

This master's thesis has been done in collaboration with DME-Consult. This company 

provides heating concepts and heating facilities individually or connected to the district 

heating network using renewable or fossil fuels. 

While electricity is more important in energy transmission, heat generation, distribution, 

and consumption are of secondary importance. Even if the demand for thermal energy 

in Germany is about 25% of the total energy required, the building sector's share is even 

70%. This energy demand can be met by a large amount of technology and heat 

sources. While the amount of heat has been significant for many years, project leaders 

should focus on increasing the efficient use of heat and heat distribution due to current 

policies, fuel price changes, and environmental taxes. 

One of the methods of supplying heat to the building is the district heating network, which 

has provided many solutions and measures to minimize network heat loss, energy 

consumption, and CO2 and GHG emissions. Including: 

- Construction and renovation of buildings with the lowest energy demand. In this regard, 

there are standards such as KFW55, KFW70, etc. These standards guide the 

implementing companies in applying the type and manner of insulation and construction. 

- District heating systems with low and Ultra-low temperature and minimizing the 

network's flow and return temperature. 

- Using more renewable energies and using clean energy potentials in the local region. 

This project's subject is the design of a Low or Ultra low-temperature DHN in a newly 

built residential area in Dachau and southern Germany. A district heating network 

consists of a heating center consisting of heat generators that balance heat demand with 

production, storage, and backup. 

This project includes two scenarios. In the first scenario, the grid is fed with natural gas, 

and in the second scenario, renewable energies replace fossil fuels. Finally, the two 

projects are compared in terms of efficiency, environmentally friendly, and economically. 

It is worth noting that the first scenario was simulated with the tools available in the 

company, assuming that 10% of the primary energies is supplied by heating element 
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and electricity. Due to the high cost of electricity, in the next step, with the help of a new 

simulator, the share of electricity in the energy supply is eliminated and other fuels are 

replaced. 

The required heating of the region reaches all the houses from the DHN. Moreover, 

electricity is used only in the running of heating devices and heat pumps inside the 

houses. This amount of electricity is supplied only from the local electricity network, and 

also the electricity taken out of the CHP units is injected only into the local electricity grid. 

The specifications related to the required electricity and the generated electricity are 

given in Table 29. 

Heat transmission and production network included: 

- The main network of hot water suppliers 

- Substations 

- Secondary network that transmits hot water to the user. 

The pie charts below show the share of energy generated by each generator in two 
scenarios. 

 

 

Figure 37 The contribution of each device in energy production 

 

Considering the base price of the district heating network for customers at 7.71 cents 
per kilowatt-hour, both scenarios are summarized and compared in the table 36.  
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Table 36 Comparison of two project scenarios 

 

Cases of low and Ultra low-temperature district heating networks have been studied 

extensively, some of which are listed in Section two. The proposed solutions can be 

summarized in table 37. 

The results show that although in the district heating network, the usage of renewable 

energies, underground and air-water heat pumps is preferred as the primary energy 

sources, especially in the environmental field, the results of economic evaluations in 

some cases indicate that fossil fuels, especially natural gas, are more economical. 

Nevertheless, in Germany, as the results of this project and other studies show, biomass 

and solar can be entered into the competitive market due to greenhouse gas emission 

taxes, bonuses, numerous financial support from the government, and low-interest 

loans. It even places the optimality of the renewable system at a great distance from the 

fossil system. 

Heat storage tanks play a critical role in optimizing the system, and also seasonal 

storage is a useful solution in benefiting from 90% to 100% of the absorbed solar 

renewable energy. However, according to financial calculations, STES are not cost-

effective. 
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Among the available solutions for DHW supply, direct plumbing from the bathroom 

network, and the use of an electric heater for the kitchen, is an interesting proposal and 

solution in optimizing the supply of the domestic hot water system. But in case of power 

outages and network problems, electric heater without a storage tank has some 

drawbacks. On the other hand, many have suggested booster and mini HP and their 

connection to the buffer storage that this technology has been used in this project. 

Besides, it is useful for using two buffer storages per substation to reduce electricity 

consumption to set up mini heat pumps in buildings. 

Table 37 Comparison of several Low/Ultra-low temperature DHN 

 system specification Results 

Case 1 
Comparison of different pipes in 
terms of efficiency in heating 
networks. 

Insulation of pipes using polyethylene 
foam greatly reduces heat loss. Also, 
the main energy savings in triple pipes 
are more than in twin-pipes. 

Case 2 
Equipping the substations for hot 
water supply with several different 
technologies, including: 
- With the storage tank 
- Electric heater stored inside the 
tank 
- Electric heater only for the hot 
water supply of the kitchen 
- Electric heater for domestic hot 
water 
- With booster/ micro heat pumps 
and ST 

Since the system temperature is 
sufficient to heat the home environment 
and the bathroom's hot water, the use 
of electric heaters in the kitchen is the 
most optimal, economical, and practical 
case in ideal conditions. 
Electric heater without a tank for DHW 
has both pros and cons points. High 
safety and efficiency are probably the 
best options for small, single-family 
apartments with low heat demand. 
However, in large and huge buildings 
consisting of several apartments, by 
replacing separate electric heaters with 
a mini HP and buffer, electricity costs 
are significantly reduced. Even in the 
event of a power outage, hot water is 
always available. 

Case 3 
A system consisting of CHP 
biomass, GWHP, and a 
photovoltaic system in which 
substations are equipped with 
TES, HX, and HP. 

Electricity demand for heat pumps is 
met by PV and CHP outputs. 
No financial evaluation information was 
provided in this study. But empirically, 
the integration of GWHP into the 
network requires high investment and 
requires a large space for the 
construction. Therefore, it is not 
recommended for small and medium 
systems. 
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Case 4 
It consists of two scenarios. Both 
of which are supplied with 
renewable energies. In the first 
scenario, a LTDHN provides 
DHW and SH directly. In the 
second scenario, hot water 
reaches the customer with micro 
heat pumps from ULTDHN.  

It was illustrated that in most cases, 
Low-temperature district heating is 
economically preferred. But at high 
thermal densities, if the investment cost 
of a central heating unit can be 
significantly reduced, ULTDH will be 
possible and even more efficient. Also, 
the energy efficiency of ULTDH 
increases compared to LTDH if it is 
supplied by HP. 
Due to the lack of booster HPs and 
substations' expensive systems in 
LTDHN, this system is more 
economical than ULTDH. Assuming 
that the Heat demand and heat density 
increase as a result of adding 
customers to the network or turning the 
one-family house or small apartments 
into complex apartments, it is evident 
that fuel consumption will increase.  In 
this case, installing the booster HPs in 
substations, lowering the flow 
temperature, and replacing new and 
cheaper devices as generators with 
HPs or improving the COP of system, 
will make the network more 
economical.  
 
The thermal density of the current 
project is high, and it includes a large 
set of apartments. Therefore, designing 
a network with a flow temperature of 
45°C and using biomass boiler, gas 
boiler, and mini HP in substations puts 
it in a favorable position. 

Case 5 
It offers three solutions for 
ULTDH’s DHW supply. 
- Electric heater without a storage 
tank. 
- Optimization of heat pump 
performance in DHW supply 
- Solar-based water production 
can reduce carbon dioxide 
emissions. 

- For the reasons already mentioned, 
an electric heater is not recommended 
for this project. 
- Although a solar water heater is a 
suitable method, the investment costs 
are high, and the payback time is 
extended. 
In this project, PEWO's substations 
systems are used. In multi-family and 
large buildings, two buffers are used to 
store DHW. This way, hot water is 
always available, and less electricity is 
used to run the mini heat pumps. 
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Case 6 
In this project, separate PVT 
systems and solar thermal 
storage available in each building 
are used to supply DHW. 

The PVT system also supplies the 
building with the electricity it needs, 
which reduces investment costs due to 
the lack of the use of the battery. 
This suggestion is significant, but it 
should be noted that the buffers inside 
the building are not able to store hot 
water for several days. Therefore, in the 
case of unfavorable weather 
conditions, such as cloudy skies for 
several consecutive days, this system 
is not practical and it is better to have a 
suitable alternative 
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Chapter 8 

Conclusion and future works 

 

 Conclusion 

A comparison of the two scenarios of low-temperature district heating networks shows 

that the scenario with integrating the renewable energies potentials of biomass and solar 

in the production of thermal energy, due to the German government's policies on 

financial support for renewable and efficient heating systems and the existence of 

significant subsidies, on the other hand, the additional costs of maintenance and 

operation, and fuel in the scenario which is fed with natural gas, is more economical. 

Besides, the network with renewable primary energies is much less harmful to the 

environment and more sustainable than the other system. 

Despite the choice technology of mini heat pump and buffer for substations, which was 

a new proposal from the manufacturer in terms of economic and health benefits, but in 

future studies, other technologies can be evaluated with different factors. In addition, the 

use of storage tanks is the best option for increasing the system's optimization because 

although with the help of seasonal storage, solar energy can be fully utilized, studies 

show that this type of technology has not yet reached the stage of being economical and 

it raises costs. 

 Future Works 

The project's main goal is to design a heating plant for a low-temperature DHN in 

Dachau, located in Germany, and to compare the system with two types of primary 

energies, renewable and fossil. However, in future works and projects, other interesting 

aspects of the project, which have been omitted due to lack of time or lack of prominence, 

can be done in the same area or other areas with similar regional details with the help 

of available data. The following can be mentioned: 

-  Grid review and optimization by modeling and benchmarking new technologies under 

the latest generation DHN specifications. 

- Study different electricity-generating methods to supply the electricity required to set 

up energy plants and the whole region. 

- Study various methods of optimal generation of power and heat simultaneously to 

supply the required energy for setting up the heating plant and the whole region. 

-  Study of other possible renewable potentials and their application in energy production 

and systems' comparison in various parameters. 
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-  Study how to optimize the transmission components of low-temperature DHN (pipes 

and substations) and reduce energy waste. 

-  Study how to integrate more energy into the area as the area expands and customers 

are added to the grid. 
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Appendix 

 

Appendix 1 Energy configurations developed for the case study of Jansen , matching the demand with the 
available sources. 
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Appendix 2 Hydraulic connection possibilities of CS500 
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Appendix 3 Overview of subsides for solar thermal from BAFA 
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Appendix 4 Overview of subsides of BAFA  for biomass 
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Appendix 5 Excel sheet with the necessary parameters from Stadtwerke-Dachau on which calculations 
are performed. 

 

Nr. Buildings Usable area(m²) Year of construction

1 1.1 1,024  KFW 55
2 1.2 456 KFW 55
3 1.3 785 KFW 55
4 1.4 1,024 KFW 55
5 1.5 456 KFW 55
6 1.6 785 KFW 55
7 1.7 1,072 KFW 55
8 1.8 456 KFW 55
9 1.9 1,024 KFW 55
10 1.10 456 KFW 55
11 1.11 785 KFW 55
12 1.12 785 KFW 55
13 1.13 785 KFW 55
14 1.14 785 KFW 55
15 1.15 785 KFW 55
16 1.16 1,024 KFW 55
17 2.1 1,224 KFW 55
18 2.2 378 KFW 55
19 2.3 378 KFW 55
20 3.1 790 KFW 55
21 3.2 294 KFW 55
22 3.3 440 KFW 55
23 3.4 294 KFW 55
24 3.5 158 KFW 55
25 3.6 158 KFW 55
26 3.7 158 KFW 55
27 4.1 136 KFW 55
28 5.1 290 KFW 55
29 5.2 290 KFW 55
30 5.3 290 KFW 55
31 5.4 290 KFW 55
32 5.5 290 KFW 55
33 5.6 305 KFW 55
34 5.7 305 KFW 55
35 5.8 266 KFW 55
36 6.1 266 KFW 55
37 6.2 266 KFW 55
38 6.3 275 KFW 55
39 6.4 304 KFW 55
40 6.5 304 KFW 55
41 6.6 304 KFW 55
42 7.1 348 KFW 55
43 7.2 348 KFW 55
44 8.1 2,939 KFW 55
45 9.1 2,558 KFW 55
46 10.1 2,400 KFW 55
47 11.1 3,600 KFW 55
48 12.1 1,032 KFW 55
49 12.2 1,708 KFW 55
50 12.3 702 KFW 55

Sum 36,577
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Appendix 6 Excel sheet with heat demand profile for each property 

 

 

Nr. Buildings

Load(W/m²) demand (kW) Heating consumption (kWh/a) Load(W/m²) demand (kW) Hot water consumption (kWh/a) Load(W/m²) total demand (kW) Consumption (kWh/a)

1 1.1 14 14 25,805 6 6 11,059 20 20 36,864
2 1.2 14 6 11,491 6 3 4,925 20 9 16,416
3 1.3 14 11 19,777 6 5 8,476 20 16 28,253
4 1.4 14 14 25,805 6 6 11,059 20 20 36,864
5 1.5 14 6 11,491 6 3 4,925 20 9 16,416
6 1.6 14 11 19,777 6 5 8,476 20 16 28,253
7 1.7 14 15 27,014 6 6 11,578 20 21 38,592
8 1.8 14 6 11,491 6 3 4,925 20 9 16,416
9 1.9 14 14 25,805 6 6 11,059 20 20 36,864
10 1.10 14 6 11,491 6 3 4,925 20 9 16,416
11 1.11 14 11 19,777 6 5 8,476 20 16 28,253
12 1.12 14 11 19,777 6 5 8,476 20 16 28,253
13 1.13 14 11 19,777 6 5 8,476 20 16 28,253
14 1.14 14 11 19,777 6 5 8,476 20 16 28,253
15 1.15 14 11 19,777 6 5 8,476 20 16 28,253
16 1.16 14 14 25,805 6 6 11,059 20 20 36,864
17 2.1 14 17 30,845 6 7 13,219 20 24 44,064
18 2.2 14 5 9,536 6 2 4,087 20 8 13,622
19 2.3 14 5 9,536 6 2 4,087 20 8 13,622
20 3.1 14 11 19,898 6 5 8,528 20 16 28,426
21 3.2 14 4 7,419 6 2 3,180 20 6 10,598
22 3.3 14 6 11,088 6 3 4,752 20 9 15,840
23 3.4 14 4 7,419 6 2 3,180 20 6 10,598
24 3.5 14 2 3,992 6 1 1,711 20 3 5,702
25 3.6 14 2 3,992 6 1 1,711 20 3 5,702
26 3.7 14 2 3,992 6 1 1,711 20 3 5,702
27 4.1 14 2 3,427 6 1 1,469 20 3 4,896
28 5.1 14 4 7,318 6 2 3,136 20 6 10,454
29 5.2 14 4 7,318 6 2 3,136 20 6 10,454
30 5.3 14 4 7,318 6 2 3,136 20 6 10,454
31 5.4 14 4 7,318 6 2 3,136 20 6 10,454
32 5.5 14 4 7,318 6 2 3,136 20 6 10,454
33 5.6 14 4 7,681 6 2 3,292 20 6 10,973
34 5.7 14 4 7,681 6 2 3,292 20 6 10,973
35 5.8 14 4 6,693 6 2 2,868 20 5 9,562
36 6.1 14 4 6,693 6 2 2,868 20 5 9,562
37 6.2 14 4 6,693 6 2 2,868 20 5 9,562
38 6.3 14 4 6,935 6 2 2,972 20 6 9,907
39 6.4 14 4 7,661 6 2 3,283 20 6 10,944
40 6.5 14 4 7,661 6 2 3,283 20 6 10,944
41 6.6 14 4 7,661 6 2 3,283 20 6 10,944
42 7.1 14 5 8,770 6 2 3,758 20 7 12,528
43 7.2 14 5 8,770 6 2 3,758 20 7 12,528
44 8.1 14 41 74,068 6 18 31,743 20 59 105,811
45 9.1 14 36 64,452 6 15 27,622 20 51 92,074
46 10.1 14 34 60,480 6 14 25,920 20 48 86,400
47 11.1 14 50 90,720 6 22 38,880 20 72 129,600
48 12.1 14 14 26,006 6 6 11,146 20 21 37,152
49 12.2 14 24 43,042 6 10 18,446 20 34 61,488
50 12.3 14 10 17,700 6 4 7,586 20 14 25,286

Sum 700 512 921,735 300 219 395,029 1,000 732 1,316,765

Heating demand Hot water demand total Load
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Appendix 7 Piping draft of DHN in Dachau 
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Appendix 8 Excel sheet of piping specifications 

 

 

Buildings

Piping Pressure Loss Nominal width (DN)

1.1 24.5 m 192.1 pa/m 20
1.2 15.5 m 195.5 pa/m 15
1.3 155.3 m 120.6 pa/m 20
1.4 20.8 m 192.1 pa/m 20
1.5 15.9 m 195.5 pa/m 15
1.6 45.0 m 120.6 pa/m 20
1.7 17.1 m 208.2 pa/m 20
1.8 16.2 m 195.5 pa/m 15
1.9 17.3 m 192.1 pa/m 20

1.10 16.4 m 195.5 pa/m 15
1.11 13.6 m 120.6 pa/m 20
1.12 12.2 m 120.6 pa/m 20
1.13 15.0 m 120.6 pa/m 20
1.14 14.6 m 120.6 pa/m 20
1.15 166.6 m 120.6 pa/m 20
1.16 16.8 m 192.1 pa/m 20
2.1 12.0 m 262.6 pa/m 20
2.2 6.4 m 141.1 pa/m 15
2.3 307.6 m 141.1 pa/m 15
3.1 10.1 m 121.9 pa/m 20
3.2 17.0 m 99.0 pa/m 20
3.3 14.0 m 201.0 pa/m 20
3.4 8.4 m 153.0 pa/m 20
3.5 41.0 m 155.0 pa/m 15
3.6 33.3 m 155.0 pa/m 15
3.7 132.1 m 155.0 pa/m 15
4.1 33.0 m 123.0 pa/m 15
5.1 10.0 m 99.0 pa/m 20
5.2 10.1 m 99.0 pa/m 20
5.3 10.0 m 99.0 pa/m 20
5.4 10.0 m 229.7 pa/m 15
5.5 9.7 m 217.8 pa/m 15
5.6 31.0 m 132.2 pa/m 15
5.7 46.0 m 263.7 pa/m 15
5.8 32.7 m 144.7 pa/m 15
6.1 8.0 m 155.5 pa/m 15
6.2 9.6 m 213.9 pa/m 15
6.3 9.2 m 196.7 pa/m 15
6.4 8.9 m 187.4 pa/m 15
6.5 9.1 m 195.2 pa/m 15
6.6 14.3 m 104.2 pa/m 15
7.1 9.3 m 132.1 pa/m 15
7.2 53.0 m 132.1 pa/m 15
8.1 41.0 m 107.9 pa/m 32
9.1 49.0 m 377.3 pa/m 25

10.1 11.4 m 284.1 pa/m 25
11.1 366.1 m 153.9 pa/m 32
12.1 6.5 m 194.8 pa/m 20
12.2 7.7 m 156.7 pa/m 25
12.3 14.0 m 99.3 pa/m 20

Piping
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Appendix 9 The detail of energy consumption of heat pumps 

 

 

 

Buildings
Hot water 

consumption(kWh/a)
COP

1.1 11,059 4.8
1.2 4,925 4.8
1.3 8,476 4.8
1.4 11,059 4.8
1.5 4,925 4.8
1.6 8,476 4.8
1.7 11,578 4.8
1.8 4,925 4.8
1.9 11,059 4.8

1.10 4,925 4.8
1.11 8,476 4.8
1.12 8,476 4.8
1.13 8,476 4.8
1.14 8,476 4.8
1.15 8,476 4.8
1.16 11,059 4.8
2.1 13,219 4.8
2.2 4,087 4.8
2.3 4,087 4.8
3.1 8,528 4.8
3.2 3,180 4.8
3.3 4,752 4.8
3.4 3,180 4.8
3.5 1,711 4.8
3.6 1,711 4.8
3.7 1,711 4.8
4.1 1,469 4.8
5.1 3,136 4.8
5.2 3,136 4.8
5.3 3,136 4.8
5.4 3,136 4.8
5.5 3,136 4.8
5.6 3,292 4.8
5.7 3,292 4.8
5.8 2,868 4.8
6.1 2,868 4.8
6.2 2,868 4.8
6.3 2,972 4.8
6.4 3,283 4.8
6.5 3,283 4.8
6.6 3,283 4.8
7.1 3,758 4.8
7.2 3,758 4.8
8.1 31,743 5.3
9.1 27,622 5.4

10.1 25,920 5.4
11.1 38,880 5.3
12.1 11,146 4.8
12.2 18,446 4.8
12.3 7,586 4.8

sum

7,336
2,322
3,843
1,580

79,670 kWh/a

4,800

598
598
598
619
684
684
684
783
783

5,989
5,115

686

662
356
356
356
306
653
653
653
653
653
686

990

1,766
1,766
1,766
1,766
1,766
2,304
2,754
851
851

1,777
662

1,026

Electriity consumption 
per year(kWh/a)

2,304
1,026
1,766
2,304
1,026
1,766
2,412
1,026
2,304
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Appendix 10 Datasheet of YADO/EG-60 
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Appendix 11 Module diagram of YADO/EG-60 
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Appendix 12 Datasheet of YADO/EG-70 
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Appendix 13 Module diagram of YADO/EG-70 
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Appendix 14 Module diagram of VITOCROSSAL 300/ Type CT3B 
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Appendix 15 Datasheet of VITOCROSSAL 300/ Type CT3B 
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Appendix 16 The hydraulic scheme of thermal storage 
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Appendix 17 module components of pellet boiler(PT4e) 
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Appendix 18 Subsides details of both systems 
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Appendix 19 Financial project balance of RE system 
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Appendix 20 Financial project balance of non-RE system 

 

 

 

 

 


