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Abstract 

It is known that the heating and cooling market constitutes a large part of energy market across 

Europe and that the domestic and non-domestic buildings have together the largest share of 

energy demand. The aim of the European climate goals is to reduce the use of fossil fuel based 

systems and the allowance of energy demand. These have been striving reasons to increase 

efficiency and reduce GHG emissions on energy systems for buildings. The climate goals and 

regulations mentioned in this study implicates that European countries strives towards renewable 

sources in the heating sector, and encouraging heating networks with renewable sources.  

E.ON has developed a new low temperature district heating and cooling system called 

EctogridTM, a heat network integrated with heat pumps and cooling machines to supply energy. 

This thesis will thoroughly describe this heating and cooling system, called EctogridTM, and its 

constitutive components.  

The aim of this study is to determine whether the energy markets in Germany and United 

Kingdom are ready for an introduction of EctogridTM, and exploit existing and upcoming 

obstacles. To determine this, two research questions are answered through literature review, 

research and a case analysis.    

The first research question is evaluating the energy market in Europe with a focus on the heating 

demand in Germany and United Kingdom where fossil fuels are the dominating fuel. Second 

research question is comparing EctogridTM with a 4th generation district heating network, 

4GDHn, in costs to evaluate the competitiveness with existing energy systems on the market.  
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It is concluded that obstacles exist, how big they are for EctogridTM differs from country to 

country. How developed and flexible the infrastructure is, what energy sources and technologies 

are commonly used for heating purposes, building insulation, energy prices and regulations are 

factors that more or less variates from country to country and decides the severity of the feasible 

imposed obstacles.  

Germany and United Kingdom mostly uses decentralized gas boilers for the building heating 

demand, people often reasons them to have cheap running cost due to the energy prices. This 

study shows that that despite the big difference in energy price between gas and electricity for a 

household, heat pumps with a minimum COP of 3.5 will have lower running costs than 

traditional gas boilers. Since EctogridTM uses heat pumps with a COP between 4-5, in optimal 

conditions, it is quite competitive in running cost to gas boilers. The obstacle here lies in most 

buildings being old and insufficient insulated for an EctogridTM system and the investment costs 

often being more expensive compared to gas boilers. Installing a heat pump or a gas boiler shows 

that the CO2 emissions per kWh of useful heat (kg CO2/kWh) are 0.31 for a gas boiler and 0.16 

for an AHP which means a decrease in emissions of around 50% per useful kWh heat. 

The case study compared 4GDHn with an EctogridTM solution as an energy system. The case 

study consisted of 3 buildings with a heating and cooling need in a newly built area in Germany 

and United Kingdom. The study showed that an EctogridTM solution was more expensive for the 

customers but more profitable for producers when comparisons were made with regards to the 

current energy prices and estimations. However, a larger area with a much higher energy demand 

needs to be considered to see the real competitiveness of EctogridTM and electrified solution. A 

larger cooling demand will benefit EctogridTM while reducing the profits of a 4GDHn.  

The uncertainty of the acquired data, since no pilot project exists yet, makes it hard to draw a 

certain conclusion whether it is a more competitive energy system than a 4GDHn and other 

current low carbon heating systems.  
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Sammanfattning 

Värme- och kylbehovet utgör en stor del av energisektorn i Europa, där kommersiella och icke-

kommersiella byggnaderna tillsammans står för den största andelen av energibehovet i 

energimarknaden. Målet med Europas klimatmål är bland annat att minska användningen av 

fossila bränslen samt energibehovet. Klimatpåverkan från värme- och kylsystem i 

byggnadssektorn har varit omfattande och klimatmålen motiverar ägarna av energisystemen att 

bli mer energi effektiva och minska deras växthusemissioner. Klimatmål och bestämmelser som 

nämns i denna rapport visar att länderna i Europa strävar efter att främja förnybara källor i 

värmesektorn, där värmenätverk är ofta nämnd. 

E.ON har utvecklat ett låg temperaturs nätverk som kallas för EctogridTM, där nätverket är 

integrerat med värmepumpar och kylmaskiner för att leverera energi.  Det här arbetet kommer 

noggrant att beskriva EctogridTM och dess djupgående komponenter.  

Syftet med denna studie är att avgöra om energimarknaden i Tyskland och Storbritannien är redo 

för en implementering av EctogridTM, och upplysa om de existerande samt framtida hindren. För 

att svara på detta är två nyckelfrågor framtagna och besvarade genom litteraturstudie, forskning 

och en fallstudie. 

Första nyckelfrågan utvärderar energimarknaden i Europa med fokus i Tyskland och 

Storbritanniens värmebehov där användingen av fossila bränslen utgör större delen av 

marknaden. Andra nyckelfrågan jämför kostnaderna mellan EctogridTM och 4:e generationens 
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fjärrvärmenätverk, detta för att ta veta hur konkurrenskraftig EctogridTM är gentemot nuvarande 

och snarliknande energisystem i marknaden.  

Studien visar att hinder existerar när EctogridTM introduceras till marknaden, hur stora dom är 

kan variera mellan olika länder. Hur utvecklat och flexibelt infrastrukturen är, vilken energikälla 

samt teknologi som vanligtvis används för komfortvärmen, byggnadsisolering, energipriser och 

bestämmelser är faktorer som mer eller mindre varierar mellan länderna och bestämmer 

storheten på hindret/n.  

Tyskland och Storbritannien använder mestadels lokala gaspannor för värmebehovet i byggnader. 

Ofta associeras gaspannor med låga driftkostnader på grund av energipriserna. Den här studien 

visar att värmepumpar med en genomsnittlig COP som är minst 3.5 har lägre driftkostnader än 

traditionella gas pannor, trots den stora skillnaden mellan gas- och elpriset. Då EctogridTM 

använder värmepumpar som i drift skall ha en genomsnittlig COP på mellan 4-5, vid optimala 

förhållanden, är detta system konkurrenskraftigt gentemot lokala gaspannor. Hindret här ligger i 

att de flesta byggnader inte är tillräckligt bra isolerade och kan implementera EctogridTM då 

systemet opererar i för låga temperaturer, samt att investeringskostnaderna oftast är betydligt 

dyrare än ett system med gaspanna. Vid installation av en luftvärmepump eller gaspanna visar att 

CO2 emissionerna per kWh nyttig värme (kg CO2/kWh) är 0.31 för en gaspanna och 0.16 för 

luftvärmepumpen, vilket leder till en halvering av CO2 utsläpp.  

Den skapade fallstudien jämför 4:e generationens fjärrvärmenät med en EctogridTM lösning, där 

systemen ska förse tre nybyggda fastigheters värme- och kylbehov i ett nybyggnationsområde i 

Tyskland samt Storbritannien. Fallstudien visade att implementerandet av EctogridTM var dyrare 

för kunden men avkastningen för energibolagen var högre än 4:e generationens fjärrvärmenät, 

detta baserades på nuvarande energipriser samt prissättningen. Men det är rekommenderat att 

göra en jämförelse över ett större område med högre energibehov än i denna fallstudie för att få 

en mer verklig uppfattning. Ökad andel av kylbehov än i denna fallstudie är även något att se 

över då det ökar avkastningen för EctogridTM och förväntas öka effektiviteten avsevärt för 

systemet. Något som inte är lika fördelaktigt för 4:e generationens fjärrvärmenät. 

Det är svårt att ge helt tillförlitliga slutsatser och resultat då ett pilotprojekt på EctogridTM inte 

existerar ännu, det vill säga den data som har varit grunden för vår analys och resultat är inte 

bekräftad att vara helt korrekta. Vilket gör att man med säkerhet inte kan säga om EctogridTM är 

mer eller mindre konkurrenskraftig än 4:e generationens fjärrvärmesystem och andra befintliga 

lågemitterande värmesystem. 
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Abbreviations and Definitions 

Short name   Description 
 
CAPEX   Capital Expense  

CHP   Combined Heat and Power  

DH   District Heating  

DHC   District Heating Central 

DHn   District Heating network 

DHW   Domestic hot water 

HP   Heat Pump 

RES   Renewable Energy Sources 

RHI   The Renewable Heat Incentive 

OPEX   Operating Expenses 

4GDH   4th Generation District Heating  

4GDHn   4th Generation District Heating network 
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1. Introduction 

This section presents the background, followed by a problem description. Additionally, limitations, key questions, 

purpose and contribution of this study are presented as well. 

1.1 Background 

The need of heating and cooling stands for 50% of the total energy use in Europe making it the 

biggest consuming sector [1]. Of the total used energy for heating and cooling in Europe 45% is 

covered by the residential sector, 18% by public sector and 37% by the industry. The cooling 

demand is approximately a fifth of the heat demand but it is rapidly increasing. The heat demand 

is most often supplied with individual boilers leading to an energy market in Europe consisting 

mostly of fossil fuel based sources such as brown coal, hard coal, gas and uranium. In 2012 the 

main source for heating and cooling was gas with a total share of 46% [2]. 

 

To put an end to the increase of GHG emissions, European Energy Union developed in 2015 a 

policy making framework-strategy to securely decarbonize the atmosphere and create competitive 

energy prices [3]. In 2016 the biggest step was taken towards fighting the climate change, the 

Paris agreement. It was signed by 174 countries and the European Union, to participate on 

changing the climate through creating a more renewable energy market. The agreement has set 

ground for regulations, limitations and subsidies for many countries and their sectors. Since the 

maturity in social, economic and technological point of view are at different levels between 

European countries and their sectors, the regulations and limitations needs to be adjusted 

individually to fit the given infrastructure [4]. 

 

With upcoming policies and incitements towards a sustainable future, each country has a 

responsibility to strive and work together on achieving the climate goals. Hence the heating and 

cooling make up for a large share of the energy use, the requirements on both buildings and 

energy systems becomes stricter and stricter to achieve the climate goals. An energy system that 

combines heating and cooling is highly valued for property owners since combining the different 

needs would lead to a lower total cost [5]. 

 

Low temperature networks are upcoming energy systems and have raised a lot of interest in 

Europe. EctogridTM, a low temperature district heating and cooling solution could be one of 

many options in the future for a more efficient and low polluting energy supply. EctogridTM 

operates with a low temperature network connected to heat pumps in order to provide the 

required temperatures to buildings. What makes EctogridTM stand out from a conventional 

heating network is the opportunity to combine heating and cooling, hence it operates with grid 

temperatures between 10 to 30° C. The low temperatures make it possible to combine different 

needs necessary for each customer connected to the grid [6]. 
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1.2 Problem Description 

When a brand-new product is introduced to a market it may encounter obstacles and setbacks. 

The possibility for the new product to be more competitive than the existing products in a 

current market is low but plausible, even then it might take some time.  

 

In this case a new energy system called EctogridTM is introduced to the energy market in 

Germany and United Kingdom. The unknown problem is whether the markets are ready or 

flexible enough to accept this new energy system, or are the expected difficulties and obstacles to 

many. Even if EctogridTM can manage the difficulties and obstacles, is it competitive against other 

state of the art technologies in the given market? 

1.3 Purpose 

The aim of this work is to assess the energy markets in Europe, with a focus in Germany and 

UK, in order to find out whether the energy market in the given countries are ready for an energy 

system like EctogridTM or not.  

 

The result of this study will give E.ON perspective and clues when they introduce EctogridTM to 

the energy market in Germany, UK and eventually to the whole Europe.  

1.4 Method at large 

The purpose is to apprehend greater knowledge and comprehension of the energy market in 

Germany and UK, and assess the potential outcomes for when EctogridTM is introduced, both 

future and present outcomes. Given the purpose, the following research questions were 

formulated. 

 

 RQ1. Are the markets in Germany and United Kingdom ready for an implementation of 

EctogridTM?  

o RQ1 will be assessed by making a market analysis for each country to provide the 

necessary knowledge. The main parameters of interest when investigating the 

energy market are current energy systems, energy prices and future energy goals 

for each country etc. This is addressed in Chapter 4.   

 

 RQ2. What are the costs when choosing EctogridTM as an energy system instead of a 

modern district heating network, called 4GDHn, in the given energy market?  

o RQ2 will address the effects when choosing EctogridTM for a newly built area. A 

case model is done to assess this research question, and draw comparisons in 

CAPEX and OPEX with a conventional district heating system, shown in 

Chapter  

 

Depending on what energy source the energy market is based on, the current infrastructure, 

people's habits the obstacles and benefits will variate. Different countries will have different 

solutions to encounter the obstacles, but some countries may have similar solutions. By 

answering the given research questions, a greater acknowledge and comprehension can be 
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apprehended to exploit the obstacles and benefits, when EctogridTM is introduced to the 

Germany and United Kingdom.   

1.5 Limitations 

The study is focused on the heating and cooling market in Europe and more specifically in 

Germany and UK. This study goes well with E.ONs objective of collecting comprehensive data 

on the given markets ahead of an implementation of EctogridTM. The study focuses on country 

and landlords and not the end consumers.  

 

The investigated heating and cooling technologies are limited to the technologies constituting 

EctogridTM and considered to be potential technologies for this study.   

 

This study will not give an absolute answer on whether EON should assess the market or not. It 

will rather present findings about each market and if EctogridTM is a suitable energy system 
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2. Heating and Cooling Background 

The heating and cooling market in Europe is described in this chapter as well as the strategy within the heating 

and cooling sector. Furthermore, the most common heating and cooling technologies in Europe are described and 

presented here. 

2.1 European H&C market 

Climate, geographical situation, type of building, heat demand, availability of energy sources and 

economy variates across Europe and are decisive when choosing a certain technology for heating 

and cooling. There are more than 120 million installed energy systems in 160 million buildings in 

Europe. Heating and cooling is used for different purposes in the European final energy 

consumption. Within industries it is often high and medium temperature heat demands such as 

evaporation, melting and drying processes. When overlooking the demands in residential, 

commercial, public and industrial buildings, it is often referred to space heating and hot water 

supply with lower    operating temperatures than in industries [7].  

 

 
Figure 1: The primary energy for heating and cooling in Europe 2012 [1]. 

The primary energy supply for heating and cooling in 2012 was dominated by fossil fuels with a 

share of 75% while low carbon fuels (renewables and nuclear) accounted for 25%. 45% of the 

energy demand is used in the residential sector, 37% in industries and 18 % in public services. In 

EU, the final energy use for comfort heating and hot water supply make up for approximately 

80% of the share in households. The cooling demand is a smaller contribution compared to the 

heating demand. Although the cooling demand is relatively low it is expected to increase in the 

near future compared to the heating demand where a decrease is expected [1]. The heating and 

cooling sector is a large sector with a vital role in EU’s path for a more energy efficient and 

decarbonized society. Figure 2 below illustrates the fuel share when providing heating and 

cooling in Europe 2012. 
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Figure 2: Illustrates the fuel share when providing heating and cooling in Europe [1]. 

 

The European Commission has realized that it is possible to cut down the energy used for 

heating and cooling in buildings. A renewable strategy is necessary to achieve a more sustainable 

way of heating and cooling. The decision on replacing appliances is typically made when the 

heating system breaks down and most often under pressure. Consumers lack the knowledge of 

different solutions and the price comparison between them. Usually consumers keep using older 

and less efficient technologies because of the lack of information on their existing system and the 

performance [1].  

2.2. European H&C Strategy 

A more suitable strategy is necessary in Europe for a more sustainable and efficient way of 

heating and cooling. The European Commission defined the following obstacles in the sector 

that needs to be addressed, 

 

 European buildings are old - refurbishment rate is below 1% 

 Too much energy is being wasted 

 Renewables are not widely used in the sector [8] 

 

An EU initiative considered these obstacles when they presented the strategy of the energy usage 

for heating and cooling. The EU Heating and Cooling Strategy were presented in February 2016, 

and it is seen as a key action to improve energy security and addressing the climate agenda. The 

scope of the strategy is to decrease energy leakage from buildings, improve efficiency and 

increase the share of renewables. The following actions were identified as seen in Figure 3 below 

and explained in the paragraphs underneath [8]. 
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Figure 3: An own figure that summarizes the heating and cooling strategy in Europe [8]. 

Making renovating buildings easier - The vision is to develop a toolbox of measures to ease 

the renovation of multi-apartment buildings through modern heating and cooling equipment and 

advice on insulation materials and steps to follow. Both tenants and owners should benefit from 

the investment on renovating and changing into new efficient systems or smart new generation 

district heating networks [8].  

  

Increasing the share of renewables - Heating and cooling is still dependent on fossil fuels. In 

the upcoming reviews of the Renewable Energy Directive and the Energy Performance of 

Buildings Directive the share of renewable energy sources in buildings will be considered. The 

European Structural and Investment Funds, The Integrated Strategic Energy Technology Plan 

and EU Horizon 2020 Programme provide financial support for the deployment of renewable 

energy technologies [8].  

 

Reuse of energy waste from industry - Waste heat and waste cold that is produced in industrial 

and power generation could implement a number of solutions that is suggested. Direct feed via 

district heating is recommended as well as cooling via cogeneration and absorption chillers 

through a district network. The strategy is to encourage the deployment of heating and cooling 

networks and infrastructure development [8].  

 

Getting consumers and industries involved - Consumers such as owners, tenants, building 

operators and public authorities should have the ability to make informed decisions on efficient 

and renewable heating and cooling supply, energy savings through advanced metering and how to 

structure their projects. The industry accounted for one fourth of the final energy consumption 

in Europe 2012. Since the majority was used for heating and cooling, energy efficiency 

improvements in industries can be achieved [8].  



7 
 

2.3 Technologies  

There are many heating systems both centralized and decentralized in EU constituted by district 

heating, heat pumps, boilers and micro/mini Combined Heat and Power (CHP). In some 

countries with colder climates district heating is dominating, but this technology has overall a 

small share of the total EU heat market.  

 

The share of heat pumps is low in general, but increases in growth across Europe partly due to 

new regulations, and are more common where district heating is used, hence it synergies well 

with low temperature heating systems. Also, more common where the gas and electricity price 

ratio is relatively low. Boilers take up the largest share of individual heating technologies and 

fueled by gas, biomass, oil and coal. Small CHPs are common in gas dependent countries but due 

to new regulations it has more or less stagnated in the market. The new regulation promotes 

renewable fuels in CHPs.  

 

The cooling demand is mostly satisfied by electric based technologies. District cooling using heat 

sinks and sources to provide the cooling demand are not that common. Chosen technology for 

heating and cooling purposes is beside from regulations also depended on accessibility, energy 

demand and economic feasibility for a given location. The followed subtitle will explain the 

different technologies deeper with attached sources, for further knowledge. 

2.3.1 Conventional 

Boiler 

Oil, wood (biomass) and gas are used for different boiler technologies when supplying space and 

domestic heat water. Boilers installed before 1978 are oil based highly polluting and inefficient. 

During the last decades, they have been exchanged with efficient oil or gas boilers in EU. 85% of 

the installed energy systems in 2013 across EU were using fossil based boilers [9]. 

 

2015 the old oil based boilers became forbidden, hence they did not withstand the minimum 

efficiency requirement, only gas and highly efficient condensing technology became allowable. At 

the same time, a labeling system was introduced to compare and separate the energy efficiency 

between different boilers. The labeling facilitates for tenants and consumers when they compare 

and buy their boiler. In Norway, the fossil based boilers will be completely prohibited by 2020. 

The state to art fossil based boiler technology is called condensing gas boiler, and is highly 

efficient. It is capable of delivering nearly the total heat demand and is dimensioned after the 

required demand. An over dimensioning unit will reduce the efficiency and probably lead to 

higher costs than necessary. The range of output can reach over 10 000kW if necessary. It 

depends on the available space, higher output results in larger components and more appliances 

[10]. 

 

DH 

Of the operating district heating systems in EU 45% is covering the non-domestic sector, 34% 

the industrial sector and 21% the domestic sector. The primary fuel used to provide heat and 

maintain the district network temperature varies from country to country. The share of biomass 

supplied as primary fuel for district heating in Sweden, Estonia and Austria are 49%, 34% and 
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41% respectively. In Eastern Europe gas is dominating the share of primary fuel, it supplies DH 

around 80-100%. Gas together with coal is the most common fossil fuels used in EU [11]. 

 

The change of district heating through the past decades has been driven by the increasing 

demands, reducing space, investment and operating costs. The development of DH through 

history can be seen as four different stages and techniques, called 1st, 2nd, 3rd and 4th generation. 

In 1st generation district heating, steam was used operating up to 300 ºC and 20 bars. 2nd 

generation was operating with pressurized hot water above 100 ºC. 3rd generation of district 

heating the pipes were prefabricated and better insulated, which corresponded in reduced 

network temperature, below 100 ºC, and lower investment costs. The grid is usually connected to 

a large centralized heating plant e.g.  CHP, boiler, large scale heat pump or a combination of 

them to maintain the grid temperature and supply the necessary heat demand [12]. 4th generation 

have commonly a network temperature at 50-60 ºC. The decreased network temperature and 

increased building regulations facilitates integration with renewable and low GHG emission 

energy sources such as geothermal and solar. This system allows more flexibility such as 

combining different sectors and energy systems to provide the required amount of energy [11], 

[13].  

 

District cooling works in a similar way as district heating. Cold water in a piping system is 

distributed to cool the indoor air temperature through a ventilation system. The common supply 

and return temperatures are around 6 °C and 16 °C. And common methods to cool the water are 

absorption cooling, reversed heat pump (cooling machine) using free cooling from waterways 

such as lakes, canals and seas [14]. 

 

Heat pumps 

There are three different heat pump technologies, but the principal is quite the same. It consists 

of a heat source (evaporator), heat sink (condenser), pressure valve and compressor. The 

components and scheme are illustrated in Figure 4 below. Additional auxiliary components can 

be shown in more advanced heat pumps, but the mentioned components are constitutional.  

 

The component that separates different heat pump technologies from each other is the heat 

source. Heat can be absorbed from water, ground, or air. E.g. for a air-to-air heat pump in a cold 

winter day the heat is absorbed from the outside cold and fed into the warm indoor climate. For 

a cooling machine the process is reversed, it transports the heat from the cold indoor climate to 

the hot outdoor climate. Either it is fed by a fan to the indoor air or to the hydraulic system 

(radiators and floor heating).  
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Figure 4 : An own illustration of the vapor/liquid compression cycle for a heat pump. 

Heat pumps have a major value in the act on reducing GHG emissions and improving the overall 

efficiency in the energy market. Heat pumps are powered by electricity, if the supplied electricity 

is generated from renewable sources its contribution to renewables will be significantly 

supportive. To facilitate the penetration of heat pumps to the energy market, subsidies for heat 

pumps are provided across Europe [15]. Since heat pumps easily fulfils different existing and 

upcoming regulations and limitation, it is believed to cover a larger share of the heating and 

cooling market in the future. 

 

In Figure 5 below the stock market for different heat pump technologies is illustrated. As seen, 

air based technology is the dominating the stock market. This technology is cheapest and easiest 

to install. 

 

 
Figure 5: The stock market sale for different heat pump technologies 2005-2014 [16]. 
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CHP 

Combined heat and power, CHP, is a system that produce heat for domestic hot water and heat 

for space heating. What makes CHP unique from other heat generating technologies is that it 

simultaneously generates electricity. The combined heat and electricity generation makes CHP 

more efficient and reduces the need of primary energy up to 40%, compared with decentralized 

heat generation and centralized power generation [17]. 

 

There are large scales CHP (100-1000 kWe) mainly used for industry purposes and small CHPs 

(between 1-100 kWe) used for residential, local areas, single and multi-family houses, offices and 

conventional buildings. The technologies used to generate electricity in a CHP are fuel cells, 

steam engines and internal and external combustion engines. The common fuel for fuel cells is 

hydrogen and fuels such as natural gas, sewage gas, biogas and rapeseed oil are common for 

combustion engines [18]. Beside industries, large scale CHPs are commonly used to heat local 

district heating networks. Sometimes gas or biomass boilers are supplying the heat demand and a 

small CHP is integrated to regulate the peak loads.  

2.3.2. Merging Heating and Cooling Technologies 

Modern energy systems are urged to have minor losses, use low carbon technologies and create 

energy security [19]. The term “Smart grid” is a modern energy system and more. It tolerates 

connection between many different components and technologies and can be monitored and 

controlled by intelligent systems for best optimization [20].  

 

An example of a modern energy system and a potential smart grid is 4th generation district 

heating, sometimes referred as 4GDH. This is a centralized water-based heating network of 

pipes, connected to several buildings in a certain area.  

Thus, the grid temperature is relatively low (45-55°C), it creates flexibility and open up for several 

smaller, low temperature and emitting producers, such as geothermal, solar, mini CHP to connect 

and synergies to supply the necessary heat. The ability to cooperate with different energy sources 

and sectors (electricity, thermal, gas) in a given infrastructure during operation makes 4GDH a 

smart grid and a futuristic system. Such systems will facilitate and ease the transition towards 

renewable sources from a country level perspective, and simultaneously give more alternatives for 

landlords and energy producers [13]. 

 

In some places across Europe, see chapter 3.4, state of art DH networks are operating at a supply 

temperature of below 35 °C, called low temperature district heating networks (LTDH). The 

systems are operating with decentralized heat pumps to increase both tap water and comfort 

space heating. They have fewer losses and are more user friendly with renewable sources. If the 

place of interest has a cooling demand it could still be integrated with the low temperature 

heating network with applications such as cooling machines or simple heat exchangers. This 

system is believed to be highly efficient with low distribution losses. Renewable heat sources 

combined with heat pumps makes this system the most forefront energy system in Europe. 

EctogridTM is a system that operates in a similar way as these low temperature networks. 
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3. The Ectogrid
TM

 concept 

In this chapter, the computing components substituting EctogridTM and their purpose during operation, is 
explained. Similar state of art heating networks across Europe and what is making EctogridTM so unique, are 
presented here.  

3.1 General description 

EctogridTM is a district heating and cooling solution with a low temperature network that 

hydraulically connects buildings with each other and different components with different 

technologies. The water based network has an operating temperature below 40 °C and is 

cooperating with heat pumps in each building, to raise the temperature to a desired comfort and 

hot water level in the buildings [6].  

 

The fact that the network temperature is low enables cooperation between many applications, 

and provides not only heating but also cooling in a more efficient and cost worthy manner. In 

buildings where cooling need exists, it will be heat extracted from the building. By recovering the 

extracted waste heat, the system will become more efficient. This means that it is beneficial for 

EctogridTM when different buildings with different needs are connected to the network. An ideal 

scenario is a community with an equal share of heating and cooling. A scenario like Figure 6 

below is an example of how EctogridTM could integrate with buildings that have different needs 

in term of heating and cooling [6].   

 

 
Figure 6: An own illustration of how a community could be connected with EctogridTM. 

EctogridTM will manage to supply and extract heat to and from the buildings without any 

advanced steering by take advantage of the heat recovery and keep it “inside” the system. 

Seasonal fluctuations in heat and cold demand can be managed by addressing ground based 

storage units [6].  
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3.2 System overview 

Network Fluid and Temperature 

The grid consists of 2 pipes, one warm line and one cold line, seen in Figure 6, which consists of 

water and a low share of bioethanol mixture. The share of bioethanol is to protect the evaporator 

part of a heat pump in case of an operation failure, and if the flow suddenly ceases through the 

evaporators. Lower operating temperature in the pipe lines leaps higher risk for frost when the 

flow ceases, this forces the share of bioethanol to increase to avoid such disasters [6].  

 

The temperature of the pipes could differ but should typically be in the range of 12-30 °C in the 

warm line and 4-22 °C in the cold line. The level of temperature on each pipe line depends on the 

used balancing unit for the system, and what season it is. E.g. a balancing unit such as a gas boiler 

or a CHP would give a higher network temperature than a borehole for instance, this would be 

beneficial during peak loads. During winter time the temperatures would be slightly lower than 

during summer time [6].  

 

EctogridTM will normally be equipped with a water storage unit to manage the larger fluctuations 

created by heating and cooling demands during the day. There are two different scenarios, when 

there is a surplus or deficit of heat from the buildings. In case of surplus, water from the warm 

line is pressed in to the top of the balancing unit at the same time as an equal share of cold water 

from the bottom of the (water storage) balancing unit is pressed out to the cold line of 

EctogridTM. When a deficit of heat occurs, the process is the opposite. Surplus of heat will most 

often happen during the summer and deficit during the winter [6].       

 

Constituting Components 

The network pipes are uninsulated to take advantage of the heat transfer from the surrounded 

ground, to create a larger inertia of the system and prevent fluctuations in temperature. As 

mentioned the grid makes it possible to combine heating and cooling, and the components used 

to operate EctogridTM to a community that needs both heat and cold could be, 

 

 Heat pumps 

 Cooling machines 

 Freezers 

 Heat exchangers  

 Distribution pumps 

 Water Storage 

 Additional heating [6] 

 

These components could be used as mentioned, and then there are flexible components of ones 

choosing, such as heat sinks and heat sources. Type of heat sinks could e.g. be deep water, deep 

boreholes and ground as well as air source. Type of heat sources could e.g. be borehole, CHP, 

large boiler, ground source, deep water or even PV-panels. This makes EctogridTM quite 

adaptable today and in the future to either be a mixed solution between different energy sources 

or be a total renewable energy system [6].  
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3.3 Operating Ectogrid
TM

 

When EctogridTM is operating there are three typical needs that are considered. The strategy 

behind operating EctogridTM depends on if the building requires heating, cooling or both 

combined. As mentioned earlier an ideal scenario would be a society with an equal share of 

heating and cooling, but it is not seen as a barrier if this wouldn’t be the case. The options are 

many and below follows a description on types of strategy when operating EctogridTM.  

3.3.1 Buildings with heating demand 

When heating is necessary you want to keep the indoor temperatures at a pleasant level as well as 

covering the need of domestic hot water, and this is achieved at different temperature levels. The 

needs should therefore be provided individually through different heat pumps. When providing 

heat for comfort the operating temperature of the heat pump will vary and adapting with the 

outdoor temperature. This will minimize the temperature difference between the condenser and 

evaporator and therefore be beneficial for the COP [6].  

 

The domestic hot water should be delivered at the same temperature over the year and would 

therefore have a heat pump with fixed temperature interval. The reason for the fixed interval is 

because the need for hot water is not based on a specific season. The temperature of hot water 

that needs to be delivered is similar throughout the year. The reason for two heat pumps running 

is a matter of efficiency [6]. There are other solutions in the market to provide domestic heat 

water and comfort heat altogether but those solutions would most likely be beneficial for 

buildings with a lower need of heating.  

 

Additional appliances that will cooperate with the heat pumps are,  

 Local accumulator - connected to the HP that provides comfort heating 

 Water heater - Connected to the HP that provides domestic hot water 

3.3.2 Buildings with cooling demand 

The technical description for a building with only a cooling need is similar to the description 

above. The option of one or two cooling machines is determined depending on if there is a need 

for both comfort and process cooling. When looking at the comfort cooling a heat exchanger is 

connected to gain the waste heat and the gain is used to provide heat to the evaporator. In terms 

of energy efficiency this would be a good solution. This would help to keep the COP of the 

cooling machine at a higher value throughout the year [6].       

3.3.3 Buildings with heating and cooling demand 

Combining the two solutions that have been mentioned could be described by Figure 7 below. 

Figure 7 combines the need of domestic hot water, DHW, and comfort heating and cooling. 
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Figure 7: An own illustration of how EctogridTM could be operated when there is a heating and cooling 
need [6].  

The steering strategy could vary depending on the fluctuation of need through the year. By 

observing the figure waste heat is recovered within the system and this is also the purpose when 

combining heating and cooling.  

3.4 Similar projects in Europe 

Projects with low temperature networks are not a common solution to provide heating and 

cooling in Europe. The few projects and low interest in low temperature networks leads to a 

quite low knowledge in general. Two low temperature projects are described below to exemplify 

the variety of choice when installing low temperature networks. The first project only supplies 

heating while the second combines heating and cooling. 

Hague, Netherlands. 

The city of Hague has developed an energy concept that consists of a central seawater supply unit 

with a heat exchanger and heat pump that uses the nearby sea as a heat source to maintain the 

temperature of the heat network. 750 dwellings of 3000 have been reconstructed in Hague, and 

the mentioned energy system was implemented. Each building will have a heat pump unit 

integrated with the network that increases the temperature to required levels for the household. 

Water is supplied to the buildings through a distribution grid. This technology in Hague only 

supplies heat [21].  
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The temperature of the sea water differs during the year and when the temperature is above 

11°C, you only use a heat exchanger to supply heat to the attached grid. During winter when the 

temperature of the sea water is less than 4°C a heat pump is used to be able to supply heat to the 

grid from the sea water at temperature of approximately 11°C [21]. This technology is 

demonstrated in Figure 7 below.  

 
Figure 8: Illustrates the energy center of the heat network situated in Hague, Netherlands [21].  

These units are located near the harbor and as mentioned small individual heat pumps are 

installed in each home for further heating. The grid is integrated with the evaporators in the 

individual heat pumps that raise the temperature to required levels for DHW and space heating.   

Krommen Kelchbach district, Switzerland 

The Krommen Kelchbach district is situated in Naters, Switzerland. A low temperature district 

heating and cooling network was built in 2012, and has been operating since 2013. The district 

heating and cooling network connects 13 residential buildings. The supply water is distributed 

through pipes with a temperature between 8-18°C and a return temperature of 4-14°C. The 

supply and return temperature difference is set to maximum 4°C. A heat exchanger is connected 

with the heating and cooling network and situated in a technical building.  When the water from 

the network is supplied to a heat exchanger in a building it is used for cooling purposes, when the 

water is supplied to the heat pump as a heat source it will heat up DHW and space heating [22]. 

3.5 Remarks on Ectogrid
TM

 

The concept of EctogridTM as a whole system is unique, but the outcome is very similar to the 

projects mentioned earlier. The vision for EctogridTM is to supply the heating and cooling need 

for an entire city, the different needs will also help to maintain the temperatures necessary for the 

grid. This means that heat recovery is a considerable part of system and its efficiency. If this is 

fulfilled, the electricity power for the components will take up the major share of the power 

needed. Compared to the situation in Europe where most of the heating is provided with fossil 

fuels, this would encourage having a renewable electricity generation throughout Europe.  
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Similar projects in Europe have shown that customers need to be involved. Most often what the 

customer must pay is the priority for them. To make the customers involved in a way that their 

behavior could have an impact on the system and the final energy use would make them realize 

that it would in the end also affect the payments [22].   
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4. Case Market Analysis 

In this chapter the methodology of the case market analysis is presented followed by results and concluding remarks 

for the investigated countries, Germany and United Kingdom.  

4.1 Research process 

An illustration of the research process of the market analysis is seen in Figure 9. The figure 

explains the different research steps. 

 
Figure 9: Illustrates the research process of the case market analysis. 

Pre study - E.ON needed an analysis of the European market with focus on Germany and UK 

before proposing the solution of EctogridTM as an energy system. In the pre-study material from 

various presentations addressed to municipalities and reports on CDHC was collected to gain 

knowledge and understanding of the subject. To identify the scope- and purpose interviews were 

held with representatives from E.ON and in particular Business Innovation. The interviews gave 

a clearer picture of the energy system and the barriers to overcome. 

 

Literature review - Given the purpose, the literature review provided an understanding of the 

European energy market and energy situation. This served as a basis for the market analysis.    

 

Mapping the energy market - The energy market in Germany and UK was overlooked with 

respect to a wide range of parameters. The parameters of significance were based on the 

countries individual goals and policies.   

 

Analysis of the collected data - The collected data was analyzed to sort out the relevant 

findings in order to identify key parameters and understanding the energy markets in the given 

countries. 

 

Conclusion - The feasibility of EctogridTM was regarded, as well as conclusions answering the 

addressed research questions. 

Conclusions 
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•Benefits of 
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4.2 Methodology 

A market analysis of the energy markets in Germany and UK was accomplished to address RQ1,  

 

 Are the energy markets in Germany and United Kingdom ready to adapt an energy 

system such as EctogridTM? 

 

The energy markets in Germany and UK were assessed from a historical, current and the 

futuristic point of view, to obtain enough knowledge to discuss the opportunities of EctogridTM. 

Due to the specified research question and investigated phenomenon, this analysis was highly 

dependent on the literature review and gathered data regarding the phenomenon of interest. 

 

In order to address RQ1 two levels of analysis were investigated on country and customer level. 

The customers in this case are landlords and the parameters comprising the market analysis on a 

country level are energy prices, commonly used heating and cooling systems, climate goals, 

policies of importance and economic benefits. 

 

The heating and cooling systems in Germany and UK were located to understand what 

technologies were the most common and how they were used. What affects the choice of an 

energy system in the given countries? Is it lack of energy sources, accessibility or an economic 

aspect that is the deciding parameter when installing a heating and/or cooling system? By 

mapping the current and historical background it gave a greater understanding in determining 

whether the country is ready to adapt new technologies or not.   

 

The energy prices were evaluated, the ratio in prices between different energy sources was 

exploited and what where concluding and excluding in the price for different energy sources. By 

doing research on this one can exploit ways of reducing the energy price and explore that even if 

a primary source is more expensive it could be preferable. Why and how some energy sources are 

preferable are found. 

 

The European climate goals set by The European Commission have incitements setting the 

ground for regulations and policies on a country level. Both current and historical regulations and 

policies made due to European Commission incitements were assessed to give an understanding 

on why the made regulations and policies exists, but also estimate future changes.  

Within the country, the regulations and policies can vary between different municipalities. 

Knowledge on each country´s and municipality's regulations will facilitate when determine which 

technology of energy system is more advantageously for a given location. 

 

The economic benefits were evaluated on customer level. What is important when 

implementing a new energy system and the benefits of the given choice? Subsidies were therefore 

analyzed for both operating and installation when choosing different technologies. Depending on 

the subsidies it could be crucial when landlords are about to install a new energy system or 

replace an old one.   

 

Figure 10 below describes the approach of the study. 
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Figure 10: Illustrates the approach of the case market analysis. 

4.3 United Kingdom 

The heating and cooling in UK buildings stands for 40% of the total energy demand and one 

fifth of the greenhouse gas emissions [23]. The energy demand for space and water heating is 

approximately 82% in domestic buildings. Having an efficient and cost-effective heating system is 

vital with increased fuel costs at the same time as the environmental requirements are tightened. 

A renewable technology for heating and cooling is vital for a sustainable future when overlooking 

UK. While district heating stands for approximately 2-4% of the total heat supply, gas fired 

boilers take up the major share. The demand for cooling is almost entirely met by electrical use 

applied at local level [24]. 

 

In UK, nearly all homes have either a central heating system – a boiler and radiators – or electric 

storage heaters. A central heating system consists of a single boiler heating up water that is 

pumped through pipes to radiators throughout the house. The temperature range is traditionally 

somewhere between 60-80°C. The heating system is also used to provide hot water in the kitchen 

and bathrooms [25]. The fuel used for heating is mainly gas, if gas is not available then most 

often the fuel is Oil, Coal or Wood. Gas is usually the cheapest and therefore most common. 

This common solution creates an independency towards the gas supplier and the low prices 

throughout the years have led to improvements of the boiler efficiency rather than investing in 

alternative solutions. With this in consideration and the high electricity prices, heating systems 

such as district heating and heat pumps have had hard to enter the heating market and cover a 

larger proportion [24].  
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The fuel used for electricity generation over the last years can be seen in Figure 11 below.  

 
Figure 11: The composition of fuel used for power production is presented [26]. 

Renewables (hydro, wind, solar and thermal renewables) accounted for 26.2 % of all fuel used in 

2017 Q2, including net imports [26]. To strive for a more sustainable energy sector there are two 

major targets for the UK government’s energy policy.  

 

1. A renewable target of 20% in the gross final consumption by 2020 [24]. 

2. An 80% cut in GHG emissions by 2050 compared to 1990 [23]. 

4.3.1 Goals, regulations & policies 

The strategy for the GHG emissions by 2050 is presented in Table 1 below. 
 

Table 1: Presents the goals regarding GHG emissions set up by the government [27]. 

Budget 
Period 

Total emissions 
(MtCO2e) 

Average 
annual 
(MtCO2e) 

Change from 
baseline 

 
1990 baseline 774.3 - 

2018-2022 2 544 508.8 -34.3% 

2023-2027 1 950 390 -49.6% 

 
2050 target 154.9 -80% 
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The government is aware of that change is needed in the heating and cooling sector and a 

strategic framework has been developed for decarbonizing heat supply [24]. The overview of the 

framework can be seen in Figure 12 below. 

Figure 12: Illustration of the heat strategy published by the UK government in 2013 [24]. 

UK’s heat strategy was published by the government in March 2013. The four priorities were, 

 Efficient Low Carbon Heat in Industry 

 Heat Networks 

 Heat and Cooling for Buildings 

 Grids and infrastructure [24].  

 

All these priorities are set up to strive for a low carbon future. A report by the Committee on 

Climate Change agreed with DEEC that heat networks could play an important role for less 

heating through carbons in the future and stand for a share of 20% of the heating market by 2050 

[28]. Local authorities are an important factor in increasing the amount of heat networks. They 

could create a supportive environment for the deployment of heat networks in their own area, 

support or finance specific projects [5]. 
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4.3.2 Energy prices 

The energy prices have throughout the years been a strong contributor to the domination of gas 

applications when coming to heating. The low gas prices have held back the development and 

implementation of alternative methods for heating. The fuel use is dominated by gas for energy 

use in domestic and non-domestic buildings. Over 95% of all UK homes are heated by a boiler 

and the fuel type depends on the location. Nearly 80% of all households are connected to the gas 

grid making it the dominating fuel share [29].  

 

Figure 13 below shows an estimation of the share for different costs that make up an electricity 

bill for an average domestic user. It is based on reported data from the six largest suppliers of 

energy in UK [30].  

 
Figure 13 : The main charges constituing the electricity price. The charges are based on 2017 electricity 
market for an average domestic user [30]. 

The wholesale costs are how much the supplier has to pay to get the gas and electricity to supply 

you with energy. Grid costs relate to the price for the wires and pipes to carry energy to your 

building. The share of taxes/fees consist of environmental and social obligation costs, operating 

costs, VAT and other direct costs [30]. 

 

When observing the gas and electricity prices in Figure 14 below, you can see that the gas price is 

approximately a quarter of the electricity price. 

 

Taxes/Fees 
36% 

Grid Cost 
28% 

Wholesale Cost 
36% 

Total Electricity Price 
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Figure 14: Historical gas and electricity prices in UK [31]. 

4.3.3 Subsidies for energy systems 

New buildings and refurbishment works are concerned by the building regulations. To achieve 

the required CO2 emissions a low carbon heat supply technology is part of the compliance route 

and the main impact on heat networks. Within the non-domestic regulations there is a provision 

for a heat network operator to include and provide the carbon intensity of the heat supply, this is 

used then in CO2 calculations. If the carbon intensity is less than 150 g/kWh supplied heat, then 

the operator will be able to benefit from this low carbon heat supply. This could also add value to 

the project and attract more investors [32].  

 
Table 2: Footprint range of different technologies used for heating [32]. 

Technology Footprint range [gCO2eq/kWh] 

Oil boilers 310-550 

Gas boilers 210-380 

Biomass boilers 5-200 (mostly below 100) 

Ground source heat pumps 
Current    70-190 
Reduced   50-125 
Low          20-50   

Air source heat pumps 
Current       90-250 
Reduced     60-170 
Low            30-70 

 

New boilers are required to have an efficiency rating of at least A or B, which equates to a carbon 

footprint of 210- 230 gCO2eq/kWh for gas boilers. 53% of boilers installed in UK met this 

standard in 2014. Older gas boilers can have footprints of 300-380 gCO2eq/kWh [32]. 
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The Renewable Heat Incentive 

The Renewable Heat incentive (RHI) has two schemes, one for domestic and one for non-

domestic properties. It is a government financial incentive to promote renewable heating [33]. 

The domestic RHI supports homeowners and landlords that have chosen to invest in heating 

technologies such as biomass boilers and stoves, heat pumps or solar thermal panels. By applying 

to the scheme and meet the rules, you will receive payments for using renewable heat. If the 

heating system is in commercial, public or industrial properties, then you would apply to the non-

domestic RHI [33]. These financial incentives are to promote renewable electricity and heat 

generation. It could be of importance for heat networks that intends to use heat sources as large-

scale heat pumps, small-scale biomass CHPs or biomass boilers. However, the RHI has primarily 

resulted in the development of small-scale biomass boilers in buildings [34]. 

 
The domestic RHI 
The payments for the domestic RHI are over 7 years in total and it is based on the tariffs in Table 

3 below [35]. 

 

Table 3: The tariff per kWh renewable heat produced is presented for different technologies [35]. 

Tariff per kWh 
renewable heat 

Biomass boiler and 
stoves (p/kWh) 

Air source heat 
pumps (p/kWh) 

Ground source 
heat pumps 

(p/kWh) 

Application submitted 
01/04/2017-30/06/2017 

4.28 7.63 19.64 

 
Depending on your annual heat demand and type of technology a payment is done with the 

calculations seen in Table 4 below [35]. 

 
Table 4: The annual payment is presented for the different technologies [35]. 

Technology Heat Demand  Tariff  
Annual 
payment 

Biomass 
Heat demand figure listed on 
EPC 

x Biomass tariff = 
Annual 
payment 

Air source heat 
pump 

Heat demand figure listed on 
EPC adjusted by SPF 

x 
Air source heat 
pump tariff 

= 
Annual 
payment 

Ground source heat 
pump 

Heat demand figure listed on 
EPC adjusted by SPF 

x 
Ground source 
heat pump tariff 

= 
Annual 
payment 

 
The heat demand is adjusted with account to the efficiency of the different technologies before 

multiplied with a certain tariff [35]. 

 

The non-domestic RHI 

The non-domestic RHI makes it possible to receive payments for a period of 20 years. In the 

same way, as for the domestic RHI the tariffs in Table 5 below sets ground for the annual 

payment [36]. 
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Table 5: The tariff per kWh renewable heat produced for the non-domestic sector is presented depending 
on technology [36]. 

Eligible Technology Eligible Size Tariffs [pence/kWh] 

Small Commercial Biomass Pth< 200 kW 2.85 (0.75) 

Medium Commercial Biomass 200 kW < Pth < 1000 kW 5.32 (2.31) 

Large Commercial Biomass Pth > 1000 kW 2.08 

Solid Biomass CHP Systems All Capacities 4.29 

Water/Ground-Source Heat Pumps All Capacities 9.09 (2.71) 

Air-Source Heat Pumps All Capacities 2.61 

Deep Geothermal All Capacities 5.22 

 

The non-domestic RHI is then received by multiplying the eligible heat produced for use with a 

certain tariff to obtain the yearly amount received [36].   

 

Heat Networks Investment Project (HNIP) 

The development of heat networks in UK is driven by a heat infrastructure team within The 

Department of Business, Energy and Industrial Strategy, BEIS. The aim is to reach a minimum 

of 14% of heat supply through heat networks by 2050. Within BEIS’s heat infrastructure team, 

Heat Networks Delivery Unit, HNDU, was formed to provide funding’s to local authorities to 

increase the share of heat networks. New heat networks throughout UK have been funded and 

the amount awarded of £24.21m stands for approximately ⅓ of the total CAPEX. The pilot heat 

network projects that have received funding are usually operated with a Gas CHP to maintain the 

temperature of the network [37]. 

4.4 Results – Germany 

Germany has set sub goals by 2020, 2030 and 2040. The sub goals are to monitor and make sure 

that the path towards the main goals by 2050 succeeds. All goals are to reduce the GHG 

emissions, increase the share of renewables and reduce the energy demand [38]. To reach the 

given goals different governed organizations have introduced regulations, incitements and 

subsidies to aid and direct consumers and producers on a path towards achieving the country 

goals. 

 

The heating sector constitutes the largest share with 54% of the total energy demand in Germany 

and 26 % of the total annual GHG emissions in (2016). Domestic, non-domestic and industry 

sector builds the heat sector, whereas domestic and non-domestic buildings make more than half 

of the total heat sector. 85 % of the supplied heat to the domestic and non-domestic is used for 

the domestic hot water and space heating, delivered by the energy systems in buildings [39]. 

 

There are over 40 million households in Germany and they are relatively old and most of them 

were constructed before the first regulations on building insulation were made. Thus, many 

buildings have inadequate insulation with old heating systems installed. To refurbish old 
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buildings, by modernize and optimize heating systems and envelope through improving 

insulation and windows, will reduced emissions and energy demand in the building sector. It has 

been demonstrated that by renewing and optimizing heating systems in old buildings, it can 

reduce the energy building demand up to 80% [39]. Given the potential of improvements and the 

share of the building- and heating sector in both final energy demand and GHG emission, it is 

obvious that energy systems constitutes a great importance in Germany's climate goals. 

 

When investigating heating systems in existing buildings, 2016, the dominating system are gas 

based technologies by 49.4%, oil based has a share of 26.3%, district heating systems 13.7%, heat 

pumps by 1.8% and the rest is constituted by other technologies [40]. 

Same investigation in new built buildings showed that gas based systems had a share of 44.4%, 

heat pumps 23.4%, district heating 23.8%, biomass boilers 5.3% and a very small share of other 

technologies.    

 

When the historical share of installed energy systems is evaluated, it is shown that district heating 

and heat pumps have had a positive slope, while fossil fuel based systems (gas- and oil boilers) 

have had a decreasing rate [41]. The government has decided to stop supporting technologies for 

heating and cooling using fossil fuels, by 2020. This is made to incite more attractiveness against 

renewable based heating and cooling systems and phase out fossil fuel based systems [38]. 

4.4.1 Goals, regulations & policies 

Germany's main goals by 2050 and sub goals are presented in Table 6 below. The sub goals may 

change throughout time depending on how well or bad the desired goals have been reached 

within a certain period of time. When a sub goal is not accomplished, more support in form of 

subsidies or/and change in regulations may take place. Table 6 also shows how much the GHG 

emissions have been reduced (2015) and planned to be reduced by 2020, 2030 and 2050. Same 

phenomenon is shown for the current and planned reduction in energy demand and increase in 

share of RES. 

 

Table 6: This figure poses the current situation (2015), sub goals (by 2020 & 2030) and the main goals (by 
2050) [42]. 
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The power production in Germany is dominated by fossil fuels, especially lignite and coal. 2016 

renewables stood for 29% of the German power production and its composition is demonstrated 

in Figure 15 below.  

 

 
Figure 15: Presents the composition of the gross power production in German [43]. 

There are two important ordinances worth mentioning that aids the country its goals, called 

EnEV and EEWärmeG.  

 

EnEV (“Energy Saving Ordinance”) determines the building requirements. It is comprised by the 

“Thermal Insulation Ordinance” and the “Heating Appliances Ordinance”, whose purpose is to 

decide certain regulations concerning non-domestic and domestic buildings. Windows, doors, 

roofs, floors, walls, cooling & heating system, HVAC, thermal comfort, energy demand, energy 

sources and CO2 emissions are considered parameters when regulations are decided [44].   

 

EEWärmeG´s purpose is to increase the share of RES in the country. Some important 

regulations affecting the building sector are, that the government will not supporting heating and 

cooling technologies that are based on fossil fuels by 2020 [38]. Another one is that since 2009 

newly built buildings are forced to use RES for their heating even if it is partly.   

 

Both EEWärmeG and EnEV is making the building requirements stricter, while improving the 

share of RES, reducing the GHG emissions and the annual primary energy used for the building 

sector [45]. If a criteria is unsatisfied, a fine between 5 000 – 50 000 euros depending on the 

severity of the violation can be posed to the lessor or landlord [46]. 

New residential using water or air based heat pumps or solar panels for their heating system will 

fulfil the desired maximum allowable energy demand set by EnEV, without putting too much 

effort on the envelope insulation.  
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An oil or gas based heating system will probably need to be combined with solar panels or other 

RES heating systems, since they partly need to use RES for their heating demand, this will 

correspond on a primary energy demand of around 82 kWh/m2*year. This combination of 

system will exceed the limit of primary energy consumption and will be hard to implement fossil 

based heating systems in the future for new build houses [47].   

4.4.2 Energy prices 

Taxes, levies and other fees constitute 55% of the total electricity price used in commercial and 

non-commercial buildings. Figure 16 shows the different shares constituting the total electricity 

price. 

  

 
Figure 16: Illustrates a composition of February 2017 market power price for a general household having an 
annual consumption of 3500kWh [48]. 

Mainly four charges are composing the taxes/fees of 55% and described as,  

 Renewable energy surcharge - a fee for electricity consumers set by the Renewable 

Energy Act (EEG) to assist renewable energy production (6.88cents/kWh).  

 Electricity tax - for using electricity called ``ecological tax´´ (2.05 cents/kWh).  

 Levy for occupying public spaces (1.66 cents/kWh).  

 Sales taxes - the sale tax for electricity (4.6 cents/kWh).  

 

When same comparison is made for gas price the taxes/fees constitute around 20-25%.  

Since the start of this century the charges have almost tripled, with an average increase of 6% 

each year on the total electricity price. Today a household consumer pays around 29ct/kWh. In 

Figure 17 it is shown that the power price still has an increasing trend but it has starting to 

stagnate [49]. 
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Figure 17: Average composition of electricity price for a household with an energy demand of 
3500kWh/year [48]. 

An acquisition on power prices from different power suppliers was made from a web site called 

VERIVOX [50]. With 12 months’ contract period, the price variated between 26-29 ct/kWh for 

household appliances. This electricity price concerns all electricity used in a household (lighting, 

stoves, TV etc.). Electricity supplied to heat pumps had a different cost, and variated between 

17.5-20.5 ct/kWh. Additionally, a monthly fixed cost of around 10€ was usually added and that 

cost was the same fixed cost regardless of heat pump or household bill. Some suppliers did not 

add any fix cost, but then the kWh price became higher [50].  

 

The fix cost was added for gas bills as well and similar in amount to the power price bills, but the 

running cost was around 5 ct/kWh [51]. This corresponds to a 1:6 ratio between gas and 

electricity price. And almost a 1:4 ratio between gas and heat pump electricity price. 

4.4.3 Subsidies for energy systems 

All technologies using RES as fuel are eligible for support, as long as certain criteria are fulfilled. 

Weather it is a support on investment cost or running cost depends on the used technology and 

the amount depends on what kind of RES is used and the production scale. 

The CHP Act, introduced at 2016, supports in form of funding. Funding is eligible for mini-

CHP: s up to 50 kW with a full load hours of 60 000, but CHPs over 50 kW will have to have 30 

000 full load hours to acquire funding’s. The CHP Act also supports existing CHP owners, if 

they want to refurbish and modernize their CHPs. [52]. Biomass CHP plants receives 40€ per 

installed kW thermal output and 20€ for solid biomasses. [53] 

 

If the CHP is connected to the public power a feed-in tariff per kWh is acquired, if RES is used. 

The amount depends what as mentioned what RES is used to produce the electricity. There is a 

limit on a maximum duration of 6 months per calendar year for 20 years. The amount of 
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payment is decided by the used primary source, such as biogas or biomass, to produce the 

electricity [52]. Further acknowledge regarding funding’s on different technologies and other 

additional bonuses from the CHP Act are found in the given sources. 

 

Support for heating purposes can be divided into three categories solar energy, biomass and 

condensing technologies.  The support aids the investment costs. PVs, different kind of gas 

condensing boilers, log wood-, wood chips- and pellet boilers are all technologies eligible to 

funding. Bonuses and innovative solutions can be acquired additional funding, such as combining 

storages and heat pumps with district heating networks.  

Heat pumps are a significant supportive contribution towards reaching the goals on reducing 

GHG emissions and facilitate the penetration of renewables. The most dominant used energy 

source is air for heat pumps in Germany, it is cheapest and also easiest to install. Other heat 

pumps are ground-, water- and gas- sourced heat pumps. The funding provided for different heat 

pump technologies is posed in Table 7 below. An additional funding of 500€ can be provided if a 

heat pump installation is combined with a solar or DH network [54]. The subsidy for large HP is 

80€ per kW thermal power, minimum 10 000€ and maximum 50 00€ per each installation [52]. 

 

Table 7: Presents eligible fundings for different heat pumps investments [55]. 

Heat Pumps up 
to 100kW 

Installed Type € per 
installation 

€ per installed 
kW 

COP 
(minimum 
required) 

Air Sourced HP 

Basic 1300 

Or 40 3.5 
With installed voltage 
regulator 

1500 

Ground/Water 
Sourced HP 

Basic 4000 

Or 100 3,8 
With installed voltage 
regulator 

4500 

Gas HP 

Basic 4000 

Or 100 1,25 
With installed regulator 4500 

 

For heating networks, 60€ per newly built meter of piping is eligible if the heat is supplied from 

RES.  The amount is capped at 1 million euros, but it can be increased to 1, 5 million euros if 

deep (>400m) geothermal boreholes are providing heat to the network. For boreholes, the 

eligible amount of funding is 200€ per kW heat output, for boreholes not deeper than 400m. 

Boreholes deeper than 400m but not more than 1000m, the received subsidy is 375€ per vertical 

meter [52].  
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4.5. Concluding remarks – Obstacles & feasibilities 

Research question 1 is as mentioned earlier, are the markets in Germany and United Kingdom 

ready for an implementation of EctogridTM?  

The short answer is no in general, but they are ready under certain conditions which will be 

discussed later. The given research in the earlier chapters implicates that the obstacles lies in; 

- Current energy prices. 

- Largest share of the building stock market in Germany and UK being old, thereby 

insufficient insulated buildings. 

- Current heating energy systems mostly being gas based and decentralized. 

 

The promoting factor is the country and European goals towards increasing RES and reducing 

the primary energy demand in the heating and cooling sector. Many different subsidies and 

founding are eligible, when RES´s are used in an EctogridTM solution. New buildings with low 

energy demand do not have a big share in the total building stock market where EctogridTM is 

believed to be relevant.  

 

When looking over the energy prices in households, UK has a ratio of 1:4 between gas and 

electricity per kWh and in Germany the ratio is 1:6(1:4 for heat pumps). To translate this to heat 

output, a traditional gas boiler compared to an air source heat pump in a household would have 

the following output.  

 

Assumptions 

 0.9 Efficiency for the boiler and a COP of 3 for an air source heat pump.  

 Heating value of 0.9 for gas (Amount of heat released during combustion)  

 

Heat Output 

1. Gas boiler =1 𝑘𝑊ℎ ∗ 0.9 ∗ 0.9 = 0.81 𝑘𝑊ℎ 

2. AHP = 1 kWh*3=3 kWh 

 

With these rough estimations, this electric solution would give about 3.7 times more heat output 

than the gas-based solution when the same amount of energy input is added. Due to the ratio of 

energy prices (1:4), a heat pump with a COP of around 3 would have lower running costs in both 

Germany and UK. This is considered without subsidies and the efficiency is therefore the 

parameter of importance for running costs. The installation cost for a boiler is around 2000-3000 

€ with a lifespan of 10-15 years and for an AHP 8000-10000 € with a lifespan of 20-25 years. 

Given the circumstances of the technologies above the CO2 emissions per kWh of fuel (kg 

CO2/kWh) are approximately 0.28 for a gas boiler and 0.47 for an AHP. With the efficiency of 

0.9 and 3 the CO2 emissions per kWh of useful heat (kg CO2/kWh) for a gas boiler is 0.31 and 

0.16 for an AHP.   
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5. Case study of the Ectogrid
TM

 concept 

In this chapter the description and methodology of the case study is presented followed by results and concluding 

remarks for the investigated countries, Germany and United Kingdom. The affecting parameters were lastly 

evaluated.  

5.1 Case description   

A case study was made to answer RQ2, 

 What are the costs when choosing EctogridTM as an energy system instead of a modern 

district heating network, called 4GDHn, in the given energy market? 

 

The scope of the case is to compare CAPEX and OPEX for EctogridTM and a 4GDH in 

Germany and UK over a newly built area. The case can be described as 3 buildings placed on an 

uninhabited area having both cooling and heating demand. The desired heat is produced by an 

energy producing plant nearby and delivered by a water based piping system. Each building has a 

DHC or a HP to supply the required space heat and DHW demand. The cooling demand is 

either managed by a cooling machine or HEX, depending on the choice of energy system. The 

cooling demand will be applied to one of the buildings which will be comparable to having a 

grocery store in it as it is common in small societies.  The heating and cooling demand is an 

annually energy need where the variation is not considered during the year. Instead a fixed value 

based on given in data and estimations for a yearly need are carried out. Meaning no regards to 

fluctuations is made, making the calculations simpler.  

 

To facilitate the comparison and draw limitations three different scenarios were applied on the 

case. Mutual for all scenarios are 3 newly constructed buildings with 30 apartments each and 75 

m2 per apartment making up a total area of 7750m2 for all three buildings. The heat demand for 

all three buildings is same. The required supply temperature is 55 °C for space heating and 

domestic hot water. The delivered energy demand is produced from different combination of 

heating plants are explained below.  

 

The aspects separating the scenarios from each other are different components, cooling demand, 

conventional energy system or EctogridTM solution. The variating aspects between the given 

countries are the building energy demand (due to building regulations), cost for components, 

installation and energy prices. More detailed description of the given scenarios follows as: 

 

Scenario 1: All buildings solely have a heating demand. The heat is delivered by a conventional 

district heating system with a supply temperature of 55 °C. All buildings have a district heating 

central unit each that manages the required SH and DHW. 

 

Scenario 2: Same basis as Scenario 1, but now one of the buildings has an additional cooling 

demand. The cooling is supplied by an electricity based cooling machine with a capacity of 15kW. 

 

Scenario 3: The district heating network and cooling machine are replaced with an EctogridTM 

solution. Meaning, the energy is delivered by PVC pipes instead of insulated steel pipes as 
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previous scenarios, and using one heat pump in each building instead of a DHC, that boosts the 

low temperature energy from the grid to the higher temperature desired for space heating and 

DHW in the buildings. For the cooling demand a cooling machine is used to interact with 

EctogridTM. 

 

Two alternatives of energy producing plants to deliver required heat to the grid are made and 

implemented on the given scenarios individually: 

  

Alternative 1: A full gas based solution and combining a 100 kWth CHP plant and a gas boiler to 

produce the required energy demand. The CHP covers 60 % of the total energy demand. The 

ratio is based on the required minimum electricity production to supply the heat pumps and 

other appliances in all buildings. The gas boiler is covering the rest.  

 

Alternative 2: An electricity based solution combining a 400 kW HP with deep geothermal 

boreholes to cover the required energy demands. The central HP covers 70 % of the demand.   

 

The assumed parameters for the case are either apprehended from companies [56] or by the 

given building regulations each country possess, with regard to changes. 

The input parameters that will vary depending on each country is,  

 

 Pipe costs 

 Digging cost 

 Cost of energy center 

 Cost of applications 

 Energy prices for producers 

 Energy prices for customers 
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5.2 Methodology of the feasibility study  

This part will illustrate the calculations made to acquire the results for this case study. 

Atot   Total area for all buildings  

COP1  Coefficient of Performance for heat pump  

COP2   Coefficient of Performance for cooling machine 

h  The total amount of hours per year.  

HV  Heating value of the used fuel (Gas) 

boiler
η   The heat efficiency of the gas boiler plant 

CHP
η   The heat efficiency of the CHP plant 

Pborehole  The obtained effect per borehole  

qheating  Heat demand per square meter and year 

qcooling  Cooling demand per square meter and year 

Total share (%) The share of produced heat from the given plant  

The total energy demand, Qheating [kWh], for space heating and domestic hot water is denoted in 

Eq. [1]. 

heating heating tot
Q   q A                                                        [1]

 

 The heating demand for one building, Qbuilding [kWh], is given in Eq. [2]. 

heating

building

Q
Q                                                               [ 2]

3  

Eq. [3] below illustrates the cooling demand, QC [kWh] in one building. 

A
tot

•  q
cooling3

Q                                                            [ 3]c  

The compressor work for the local heat pumps, EHP [kWh], in Case 3 is given as, 

Qtot
E                                                                        [ 4 ]HP COP1  
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And the delivered energy from the local heat pumps, QdelHP [kWh], will be  

Q Q - E                                                [5]delHP heating cHP  

In the same way the compressor work for the cooling machine in case 2 & 3, EkCM [kWh], is 

calculated as 

Qc
E                                                                    [6]kCM COP2  

And the delivered energy for cooling, QdelCM [kWh], is calculated as 

delCM c kCM
Q Q - E .                                                            [7]  

Pipe network and digging costs, CHP plant, heat pumps, stand-alone chiller and DHC are 

assumed to have fixed costs but they differ for the investigated countries. 

When looking over the production from the different energy plants it is the delivered energy that 

is of interest. The total energy that needs that needs to be delivered for the three different cases is 

denoted as Qtot and will vary depending on which case is applied. 

For a CHP plant the total net energy production, QCHP [kWh] is  

8
CHP

CHP

Qtot Total  share (%)
Q .                                               [ ]

η HV  

For the gas boiler the energy production QBoiler [kWh], is calculated as 

9
tot

Boiler
boiler

Q Total  share (%)
Q                                                  [ ]

η HV  

The energy production for the geothermal boreholes, QGeo [kWh], is calculated as 

10
Geo tot

Q Q Total  share (%)                                                    [ ]  

Number of boreholes, NBoreholes, is given by 

11
Geo

Boreholes
borehole

Q
N                                                              [ ]

P h  

The compressor work for a central heat pump, ECHP [kWh], is calculated as 
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12
tot

CHP
HP

Q
E                                                                         [ ]

COP  

These calculations are required to obtain the values on the necessary heat delivery. To obtain the 

production costs, the required energy will be multiplied with the energy price. The operational 

cost of the geothermal borehole technology is neglected since it is a fraction of the total running 

costs.   
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5.3 Case Results 

5.3.1 Input values 

Both energy demand and delivered energy are presented for each country and each case in Table 

8. The demands from the buildings are assumed to be the same despite different countries. Case 

3 (EctogridTM system) has less energy delivered due to less losses and more electricity demand 

due to more heat pumps.  

 

Table 8: Presents the energy demand from the buildings and the delivered heat from the grid [57]. 

Annual Energy Demand 
[kWh] 

Germany United Kingdom 

Heating Demand 542 500 542 500 

Cooling Demand 51 667 51 667 

Energy Delivered to 
Buildings [kWh] 

Case 1 Case 2 Case 3 

Heating (Grid) 542 500 542 500 434 000 

Electricity 
(HP/CM) 

0 12 917 121 417 

 

 Table 9 presents the costs of all the components used for the different cases for each country.  

 

Table 9: The cost for different applications needed for both a 4GDH and EctogridTM are presented [56], 
[57]. 

Application [€]  Germany United Kingdom 

DHC 45 000 75 000 

HP 60 000 60 000 

CM 10 000 10 000 

CHP 120 000 50 000 

Central HP 30 000 50 000 

 

Different energy prices for different users in each country are presented in Table 10. 

 

Table 10: The apprehended energy prices for this case [50] & [57] 

Energy Prices [ct/kWh]  Germany United Kingdom 

District Heating 7 6,78 

EctogridTM 5,96 5,76 

Electricity 29 16,95 

Gas (Producer) 3,5 1,69 

Electricity (Producer) - 8 

Electricity HP 18 - 
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Both pipe and digging costs are presented in Table 11. The digging costs are whole entrepreneur, 

restoration of the ground is included.   

Table 11: Material and digging costs for pipes used in heating networks in the given countries [56], [57]. 

Pipe Costs [€/m] Germany United Kingdom 

PE Pipe 100 150 

Conventional Pipe 200 300 

Digging Conv. Pipe 400 700 

Digging PE Pipe 360 630 

5.3.2 Results for Germany & United Kingdom  

Two different alternatives are overlooked in running and investment costs for the given cases. 

Alternative 1 is the gas solution (CHP and gas boiler), whereas alternative 2 is the electrified 

solution (HP and boreholes). Investment costs for alternative 1 & 2 for the given cases are 

presented in Table 12 for UK.  

 

Table 12: The total investment cost for United Kingdom 

Investment Cost for 
Supplier [€] 

Case 1 Case 2 Case 3 

Alternative 1 585 000 595 000 495 000 

Alternative 2 615 000 625 000 515 000 

 

Figure 18 below shows the composition of investment cost for alternative 2 in UK.  

 

 
Figure 18: Illustrates the composition of the investment cost for EctogridTM and 4GDHn when an 

electrified alternative is applied in UK. 

Investment costs for alternative 1 & 2 for the given cases are presented in Table 13 for Germany. 
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Table 13: The total investment cost for Germany 

Investment Cost for 
Supplier [€] 

Case 1 Case 2 Case 3 

Alternative 1 475 000 485 000 430 000 

Alternative 2 401 000 411 000 353 000 

 

Figure 19 below shows the composition of investment cost for alternative 2 in Germany.  

 

Figure 19: Illustrates the composition of the investment cost for EctogridTM and 4GDHn when an 

electrified alternative is applied in Germany. 

Table 14 presents how much energy is extracted from the network to the buildings in Euro and 

what the running costs are for the heat pumps and cooling machine, to deliver the acquired 

energy demand. Also, Table 14 shows the costs to acquire the delivered energy to the network 

when either a gas or an electrified solution is applied in UK.  

 

Table 14 : The total yearly running cost for UK 

Annual running costs 
[€] 

Case 1 Case 2 Case 3 

Heat extracted from 
the network 

32 550 32 550 25 428 

Electricity - 1 937 18 213 

Alternative 1 - Heat 
acquired for the 
network  

21 294 21 294 13 628 

Alternative 2 - Heat 
acquired for the 
network 

12 658  12 658 8 101 
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Figure 20 illustrates the composition of the running costs for alternative 2 in UK. 

 

 
Figure 20:  Represents the composition of running costs for EctogridTM and 4GDH when an electrified 

alternative is applied in UK. 

Table 15 below presents the same results as Table 14 but for Germany.  

 

Table 15: The total yearly running cost for Germany 

Annual running costs 
[€] 

Case 1 Case 2 Case 3 

Heat extracted from 
the network 

37 975 37 975 25 823 

Electricity - 2 320 21 855 

Alternative 1 - Heat 
acquired for the 
network 

37 264 37 264 23 849 

Alternative 2 - Heat 
acquired for the 
network 

28 481 28 481 18 228 

 

Figure 21 below illustrates the composition of the running costs for alternative 2 in UK. 
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Figure 21:  Represents the composition of running costs for EctogridTM and 4GDH when an electrified 
alternative is applied in Germany. 

 

The amount of subsidy for different technologies was explained earlier for respective country. 

Table 16 shows the total amount of feasible subsidies to acquire for this case study for alternative 

2, in Germany and UK. Of course, to receive this amount certain criteria must be fulfilled and 

the produced heat must originate from RES which we assumed that it does. The amount of 

funding for Germany is one-time payment, since we do not produce any electricity and supply 

the public grid. While for UK, the amount is received yearly over a period of twenty years for the 

eligible heat to the buildings from the producing plant (Central HP).  

 

Table 16: Entitled subsidies for alternative 2 in Germany & UK. [52] 

Subsidies [€] Case 1 Case 2  Case 3 

UK 14 159 14 151 11 327 

Germany 37 500 39 000 55 500 

 

5.4 Concluding remarks – Case study 

For this case study, both running and investment costs were cheaper for an electrified solution 

than a gasified solution and EctogridTM yielded in lower costs compared to a 4GDHn, for either 

alternatives. The following text explains briefly about the reasons behind the given results. 

 

EctogridTM has lower energy demand due to fewer losses and lower temperatures in the network 

than a 4GDHn, when maintain the desired network temperatures. The integrated heat pumps in 

each building make sure that less energy can be delivered from the network to the buildings, 

when having the same building energy demand. This gives you the opportunity to charge a lower 

tariff and be more competitive compared to a conventional district heating system. 

 

Another aspect which makes EctogridTM unique with an electrified solution compared to a 

4GDHn is the internal balancing. With internal balance, the COP for heat pumps and cooling 

machines increases to a level around 4 and 5, which they are set to in this case. The high COP 

makes up for the high gas and heat pump energy price ratio, which were mentioned earlier to be 

1:4 in both Germany and UK. But when comparing to a 4GDHn as in this case, the additional 

cost of electricity for the local heat pumps and cooling machines leads to a higher running cost 

for customers, when looking over the different cases.  

When looking over the production of the energy demand necessary for the buildings, a gasified 

solution is compared to an electrified solution. It is concluded that despite the natural choice of 

gasified technologies in these countries, electrified technologies are as competitive. For higher 

capacities on gasified technologies it was stated that the investment costs become cheaper per 

installed kW and more expansive for large scale heap pumps. Also, larger heat pumps are less 

efficient which affects the running cost. Therefore, the investment cost for energy producing 

units when having a community with larger energy demands, gasified solution became more cost 
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worthy. The subsidies should be taken into consideration as well, since for some countries the 

subsidies could be significantly high depending on the technology.   

In conclusion, producers will pay less and have a higher pay-back value when choosing 

EctogridTM, but the annual running cost for customers (Heat extracted from the network + 

Electricity) will be higher compared to a 4GDHn.    

 

5.5 Sensitivity Analysis 

The case covers a relatively small area with a low cooling demand. A larger area with a higher 

share of cooling is believed to have a large impact on the system. This will also affect the steering 

of EctogridTM, since it is depending mainly on the different time of the year and how the demand 

fluctuates. In the case model, an average COP is assumed both for heating and cooling but in 

practice it is more advanced than this. During the summer and winter, the temperatures of the 

grid will change a lot and also the COP of the applications. 

 

There are additional costs that have not been taken into consideration such as, some installation 

costs, auxiliary components, circulation pumps and additional heating unit for peak loads that 

could affect the results. The heat losses for the different heating networks are not overlooked. 

Only a fixed value of 20 % losses for the 4GDHn and no losses for EctogridTM was set. The pipe 

network for EctogridTM is believed to have gains rather than losses from the surrounding ground, 

due to the low fluid temperature and usage the of uninsulated pipes. 

 

Other assumed parameters are that heating and cooling demands are fixed and have the same 

demand ratio between heating and cooling for each country. Usually the heating and cooling 

demand variate depending on geographical location and building regulation for each country. 

And the needs are usually not during the same period but in this case a total heating and cooling 

demand were taken into consideration instead of a periodical need during the year. But these 

assumptions are believed to be good when making comparisons, since the difference is not that 

huge between Germany and UK. They are though parameter that easily could be altered with for 

the desired country to acquire new results. The results in running costs are based on the 

maximum allowable energy demand for a new building in Germany. Meaning, the energy demand 

could be lower and thereby even the running costs.  
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6. Discussion 

Obstacles- The current energy prices make it hard for electricity based technologies to compete 

in the German and UK energy market, mainly due to the low gas prices and high electricity prices 

as well as the investment cost. Furthermore, the building stock market in Germany and United 

Kingdom is mostly old and inadequate, but refurbishments are being made continuously to 

reduce the overall energy demand in buildings. Even if refurbishments are taking place the 

enhanced envelope insulation will probably still be inadequate for many buildings to integrate 

with a low temperature network such as EctogridTM, due to too low supply temperature.  

Old buildings mostly desire a supply temperature of 80-90 °C were as EctogridTM is meant to 

provide a supply temperature of maximum 55°C, preferably lower. Higher temperatures might 

cause inefficiency of the system and/or unnecessary costs.  

  

In most old buildings, the heat is provided by decentralized gas burners in each apartment, 

mostly in UK, this would cause great investment cost for the landlord due to the need of a new 

pipe system for the radiators in the entire building. The landlord could consider this if the 

building is already in need of a larger refurbishment. Then a new pipe system with larger radiators 

could be applied together with the enhanced refurbishment and the landlord could receive major 

founding for the change of energy system. This occasion happens rarely in reality and there is no 

culture of investing in energy systems in UK therefore EctogridTM is better suited for new built 

buildings were the energy demand is low and the energy system is not yet decided, same advice 

concerns Germany.     

 

Policies - Germany´s ongoing aim to reach the climate goals, different incentives (KfW, BAFA, 

MAP etc.) are supporting all kind of heat and power technologies with renewable sources. This 

includes district heating networks with renewables as primary fuel, as well to reaching the goals in 

the heat sector. Meaning, a heating network such as EctogridTM, using HPs and a low temperature 

district heating and cooling network, collides well with the German policies and has a future in 

the German energy market.   

The low operating temperature makes the system very user friendly and can cooperate easy with 

other renewable sourced heating and cooling technologies. This is something the German 

policies favors and promotes by offering additional bonus funding.  

 

In UK, the RHI creates a competitive market and renewable technologies are profitable when 

receiving the annual payments. The strategy in UK is set up for a future where heat networks 

make up most of the market share. This means that low temperature networks such as 

EctogridTM could be one of many options when choosing new energy systems.  

 

Smart grids – European commission supports the deployment of heat networks and in 

particular smart grids. Energy companies have therefore in many cases shown a change of 

strategy when coming to the building sector. Many have concluded that a smart grid that supplies 

a whole city is the way to go, meaning that EctogridTM could be one of many options on 

European level.  
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Current projects with low temperature networks have shown that customers pay more attention 

on what they will have to pay at the end of the month rather than how the system works and how 

they could decrease the total energy use if the system is managed differently. E.g. they do not 

bother if the system is inefficient, as long as the energy bill don’t increase. Despite these 

experiences the people in Europe is getting more and more aware of that a greener way of life is 

the path for a more sustainable future.   

 

Electrification - The majority of Germany and UK’s heating systems consist of fossil fuel 

boilers and by shifting it to low temperature networks integrated with heat pumps will increase 

the peak demand on the electricity grid. An investment of increased capacity and thermal storage 

to reduce the impact is necessary in order to go against an electrified way of heating. Cooling 

applications are already electric based and by combining it with the network that provides heating 

as well will save costs in overall when looking at the installation and running costs. 

 

With increased electricity need, it is reasonable to look over the electricity generation. The target 

for electricity from renewable sources is increasing with time and when having the major share of 

electricity generation from renewables it would encourage energy systems such as EctogridTM. 

Having an energy system requiring a lot of electricity would be contradictory if the electricity 

generation wouldn’t be mostly based on renewables.  

 
Feasibility and steering of EctogridTM – The case study shows that pipe material and digging 

costs make up for the major share of the investment cost. This is because of the low energy 

demand in comparison with the length of the network. Larger area with a high energy demand in 

the buildings will make the material and digging costs a small share of the total investment cost. 

This shows that a larger area must be considered. When looking over the running costs for 

EctogridTM it shows that the costs for the customer is quite high compared to a district heating 

scheme, when the customer stands for the electricity cost of the heat pumps.  

By being more flexible and adaptive depending on the location and support, EctogridTM could be 

more desirable for customers. The importance of environmental values could incite RES to 

supply heating and cooling and be more decisive than economical gains.  

 
EctogridTM still have some uncertainties because the lack of data since there is no running 

projects. The amount of savings made by the internal balance in EctogridTM is unknown. The 

savings are largely dependent on the steering and the different demands of the buildings 

connected to the grid. The fluctuation of heating and cooling demand during the year will also 

affect the steering. A larger share of process cooling is preferable since the demand is similar 

throughout the year. 

 

Concluding - In present day even though EctogridTM could receive different types of support, 

the culture and habit lies in decentralized gas boilers since it is cheap and easy to access. But a 

change towards greener solutions has been detected. EctogridTM is a system fitting the future 

strategies for Germany, UK and Europe.” Greener and smarter heating” is therefore significant 

and need to be highlighted when EctogridTM is introduced. Germany has come slightly further in 

the transition towards RES than UK, therefore the culture of having “greener heating and 

cooling solutions” might be more common way of thinking for Germans today.    
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7. Conclusions 

Based on the studies EctogridTM is recommended to be implemented in a newly built area in 

Germany and UK. The high digging and material costs indicates that EctogridTM would be more 

competitive in an area with a much larger energy demand than presented in the case. Due to the 

high electricity prices, the running costs for eligible heat and electricity to local appliances for the 

customer are higher when implementing EctogridTM rather than 4GDH. The producer must 

therefore be flexible when offering an EctogridTM solution to different customers. The variety of 

choice for the customer will make EctogridTM more competitive when negotiating a new deal. 

There is no framework for implementing EctogridTM since the producer need to adapt to 

different conditions in different countries and locations.     

 

In the case study, no bigger conclusions can be drawn whether EctogridTM or a 4GDHn scheme 

is more preferable. The deciding parameters today whether EctogridTM is cost worthy from a 

customer and supplier point of view are location, support and the used technologies. The 

availability of using natural (free) heat sources/sinks and using technologies that benefit most 

from the support in the given countries is recommended when EctogridTM is installed. This is 

important because natural sources/sinks could have a huge impact on reduced running costs due 

to less primary energy needed for maintaining the temperatures of the heating network.  

 

Customers need to be involved when planning and implementing EctogridTM. Previous cases 

have shown that the importance of getting customers involved and giving them knowledge on 

how their behavior could affect the system and in the end also their energy bill. This awareness is 

more important for systems with more sensitive steering such as EctogridTM.   
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8. Future Work 

When a pilot project of EctogridTM is implemented a better analyze of the energy system could be 

done. Collected data will help to determine the efficiency of the energy system. A practical 

recommendation could be given instead of a theoretical. What is believed to be crucial is COP of 

the applications, internal balance and the steering in general.   

 

When looking over the waste heat recovery and the possibility of combining heating and cooling 

EctogridTM would most probably require less primary energy and in overall be more efficient and 

therefore to recommend. 

 

The economic gains could be looked in to further when a pilot project of EctogridTM is running. 

The gathered data will help to show the real competitiveness between EctogridTM and other 

renewable energy systems.   
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