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DISCLAIMER 

This study has been prepared for the European Commission by the Clean Energy for 

EU Islands Secretariat. It reflects the views of the authors only. These views have neither 

been adopted nor in any way approved by the Commission and should not be relied 
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do not bind the Commission in any way. The Commission does not guarantee the 

accuracy of the data included in the study. Neither the Commission nor any person 

acting on the Commission's behalf may be held responsible for the use which may be 

made of the information contained therein.  

This document is based on an application submitted by an island-related 

organization to a Call for ‘Project specific support’ organized as part of the Clean 

Energy for EU Island Secretariat, and entered into solely between the Clean Energy 

for EU Island Secretariat and the island-related organization for whom it was drafted, 

and no third-party beneficiaries are created hereby. This document may be 

communicated or copied to third parties, and third parties may make use of this 

document without the prior written consent of the Clean Energy for EU Island 

Secretariat and/or its author. The Clean Energy for EU Island Secretariat and the 
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the use by the island-related organization or a third party of this document. 
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The Clean Energy for EU Islands Secretariat 

Who we are 

The launch of the Clean Energy for EU Islands Initiative in May 2017 underlines the European 

Union’s intent to accelerate the clean energy transition on Europe’s more than 1,400 inhabited 

islands. The initiative aims to reduce the dependency of European islands on energy imports 

by making better use of their own renewable energy sources and embracing modern and 

innovative energy systems. As a support to the launch of the initiative, the Clean Energy for EU 

Islands Secretariat was set up to act as a platform of exchange for island stakeholders and to 

provide dedicated capacity building and technical advisory services.  

The Clean Energy for EU Islands Secretariat supports islands in their clean energy transition in 

the following ways:  

• It provides technical and methodological support to islands to develop clean energy

strategies and individual clean energy projects.

• It co-organises workshops and webinars to build capacity in island communities on financing,

renewable technologies, community engagement, etc. to empower them in their transition

process.

• It creates a network at a European level in which islands can share their stories, learn from

each other, and build a European island movement.

The Clean Energy for EU Islands Secretariat provides a link between the clean energy transition 

stories of EU islands and the wider European community, in particular the European 

Commission. 
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List of acronyms 

AC Air conditioning 

CAPEX Capital expenditures 

COP Coefficient of performance 

DHW Domestic hot water 

EPC Energy performance certificate 

IRR Internal rate of revenue 

LEC Local energy community 

PV Photovoltaic 

RoI Return of investment 

TCO Total cost of ownership 
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Introduction 

This document presents the different technologies considered for the heating, cooling and 

production of domestic hot water (DHW) for dwellings in a new area under stage development 

in Kokkinotrimithia, Cyprus. The aim is to study a variety solutions of renewable energy sources 

and compare them to the current scenario, in order to help the developers choose the optimal 

solution in financial terms as total cost of ownership over 20 years (TCO20) and capital 

expenditures (CAPEX), but also in societal terms as CO2eq emissions and social considerations. 

The first part of the report presents the project, methodology and assumptions considered to 

compute the models. The second part gives the different results and proposes an optimal 

solution in regard of those considerations. 

Context and problematic 

This project is focused on the development of a new residential area of 22 single houses and 

2 buildings of 4 apartments each in the north of Kokkinotrimithia, a small town in the region of 

the capital of Cyprus, Nicosia (see Figure 1). The development is part of a larger plan for the 

area, which also foresees a commercial centre, a church and an educational building 

amongst other dwellings (see Figure 2).  

The small neighborhood under study consists of terraced housed, with two apartment 

buildings at the west side of the block, and a road running around the block (see Figure 3). 

The family houses from B1 to B10 & from B13 to B22 have the same typology, as well as B11 & 

B12. In the buildings, apartments A1.01, A1.02, A2.01 and A2.02 on the ground floor have 

the same typology, and on the first-floor apartments A1.101, A1.102, A2.101 and A2.102 as 

well.  

Each of the 4 different typologies have been studied by Building Services Consulting 

Engineers LTD, an independent engineering office, to delivere an Energy Performance 

Certificate (EPC) for the pre-design, as it is required by Cypriot legislation. These certificates 

and their resulting recommendations as well as the different plans can be found in Annex1.  

The applicant, Aimilios Michael, Ph.D.2, asked the Clean Energy for EU Islands Secretariat to 

propose a masterplan for the energy systems based on different renewable energy sources 

(RES). The final objective is to reduce as much as possible the carbon footprint of the area 

and the dependence on fossil fuels, while still having a reasonable financial cost for the 

community. 

1 See list of Annexes at the end of this document 
2Aimilios Michael, Ph.D., Assistant Professor, Department of Architecture, University of Cyprus 
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Figure 1: General location overview 

Figure 2: Masterplan of the total area under development (in red, the specific area covered in this 

report) 
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Figure 3: Area under early stage development 
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1. Methodology 

 

1. Overall methodology  

The EPC recommendations data sheets provided by the applicant give the yearly energy 

demands, the building materials and the technic systems foreseen in the dwellings. This will be 

our reference scenario to compare the modelled scenarios with. The EPC are in Greek but one 

of them was translated in French (see Annexes) in order for the authors to understand each 

category (see Annex A.1 and A.1bis). 

The scenarios considered in this study are: 

• The reference scenario, an air-air heat pump providing heat, cold and Domestic Hot 

Water (DHW) for each dwelling, and the mandatory solar thermal installation providing 

25% of the DHW as required by Cypriot legislation. This solar thermal installation is 

installed by default in all the following scenarios 

• Installation of PV panels on every roof, with a private use for each installation 

• Installation of PV panels on every roof, with a collective use of it, as a Local Energy 

Community (LEC) 

• Installation of a larger solar thermal installation to cover all the DHW demand, as well 

as a hot source for a water-air heat pump with a better COP than the one in reference 

• Implementation of individual geothermal installations under each building to provide 

the heat source of a water-air heat pump and DHW 

• Implementation of one large geothermal installation for the whole block, with a heat 

and cold net to distribute hot and cold water to each dwelling 

• A fossil fuel scenario, with a house fuel boiler and a smaller AC for the cold demand 

For each scenario, the relevant investments have been considered with an estimation of the 

lifetime of the different technologies (for example a PV inverter has usually a 10-years lifetime, 

see Figure 7 for the rest of the technologies). Subsequently, the energy consumption (based 

on the estimated demand and the yield of the energy system) and production of the dwellings 

were taken into consideration to create a financial model which calculates the total cost of 

ownership over 20 years of the different installations.  

In order to have a more precise model of the heating and cooling needs over the year, an 

hour-per-hour demand profile of was modelled using thermal dynamic simulation in IESVE3 with 

a 3D model of a house applied to a Cypriot weather file.  

In order to simulate the internal gains produced by the occupation of people, electric 

equipment and lighting, several daily usage profiles  where applied to the model,. These 

profiles are based on experience and are generic for dwellings (see examples on Figure 4 and 

Figure 5). The daily profiles are then compiled together into weekly and annual profiles, to 

simulate the diversity during the entire year in terms of occupation of the house (weekends, 

holidays), and therefore of usage of the electrical equipment and lighting. 

 
3 Used by sustainable design experts around the globe IESVE is a fast, accurate, sub-hourly, 

thermal simulation suite that can model new and existing buildings of any size and complexity. 

Its power embeds energy and performance assessment across the entire building lifecycle. 

Integrate Performance Analysis into the heart of the design process. 
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The dynamic thermal simulation gives an hourly profile of heating and cooling demands (see 

Figure 6), but also other useful outputs such as temperatures, solar gains, ventilation rates, etc. 

In this particular case, heating and cooling demands are converted into hourly consumption 

and linked to the in-site production, whether it is hot water or electricity generation, depending 

on the scenario/technology. The results show a similar power for heating and cooling, but a 

bigger cooling demand on a yearly basis.  

  

Figure 4: Profile of occupation for a living room (relative value) 

  

Figure 5: Profile of equipment gain in a kitchen (relative value) 
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Figure 6: Hourly profile of the heating and cooling demands - Dynamic simulation in IESVE 

 

2. Hypotheses  

The assumptions considered to create the technico-financial model are listed below. This 

model is an Excel tool created by 3E experts, to assess the financial and technical feasibility of 

energy systems of different scales on a long-term period. The tool uses investments, energy 

consumption and production, sizing of the energy systems, subsidies, auto-consumption rate 

and financial assumptions, to estimate the TCO for a defined period (usually 20 years). It can 

also provide the IRR, CAPEX, and CO2 emissions of each scenario, to give an overview and 

support the choice for the right energy system. 

 

Technical assumptions 

• Design temperatures4: 

o Min 1°C 

o Max 36.5°C 

 

• Building envelope5:  

o Walls: U=0.576 W/m².K 

o Windows and door: U=2.64 W/m².K 

 

 
4 From weather file computed by Meteonorm 
5 See Annexes A 
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• HVAC systems5: 

o Heating: Air conditioning with COP=2.5 

o Cooling: Air conditioning with COP=3.6 

o DHW: 25% covered by a solar thermal installation, rest is covered with heat 

pump with COP=2.5 

 

• Photovoltaic installations: 

o 10 panels/dwelling 

o Surface of panel: 1.9 m² 

o Panel power: 335 Wp 

o Specific yield: 900 kWh/kWp.year 

 

• Solar thermal system 

o Surface of collectors: 4 m² 

o Specific yield: 450 kWh/m².year 

 

• Geothermal system 

o Ground temperature: 20°C 

o ∆T= 5°C 

o Thermal conductivity: 1.4 W/m.K 

o Closed-loop technology (no aquifer in the area) 

 

• CO2eq emission factors 

o Electricity in Cyprus: 0.709 kgCO2/kWh  6 

o Fuel oil: 0.616 kgCO2/kWh  7 

o Electricity production with PV: 0.013 kgCO2/kWh 

 

 

Financial assumptions 

• Inflation rate: 6% 

• Escalation electricity: 1.75% 

• Escalation fuel: 1.75% 

• Electricity purchase price: 250 €/MWh 

• Fuel price: 210 €/MWh 

• Prosumer tariff for injection to the grid: 37.03 €/kWe.year 

  

 
6 Koffi,  Brigitte;  Cerutti,  Alessandro;  Duerr,  Marlene;  Iancu,  Andreea;  Kona,  Albana; 

Janssens-Maenhout,  Greet  (2017): CoM  Default  Emission  Factors  for  the  Member  States  

of  the European Union - Version 2017, European Commission, Joint Research Centre (JRC) 

[Dataset] PID: http://data.europa.eu/89h/jrc-com-ef-comw-ef-2017. 
7 CO2 Emission Factors for Fossil Fuels –  Umwelt  Bundesamt    

https://www.umweltbundesamt.de/sites/default/files/medien/1968/publikationen/co2_emissi

on_factors_for_fossil_fuels_correction.pdf 
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Figure 7 : Power, investment cost and lifetime of the energy systems 
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2. Masterplan 

 

1. Results 

The results of the techno-financial model for the seven considered scenarios are explained in 

this section. In order to select the scenario and technology that would be the most convenient 

for the new development under study, the capital investment, total cost of ownership, yearly 

cost of energy and maintenance and CO2 equivalent emissions have been calculated. 

 

 

Figure 8: CAPEX (first year investments) for the different scenarios 

 

In terms of primary investment or capital expenditure, the reference scenario (“as proposed” 

by the EPC report, see Annexes A) requires the smallest investment, while installing a 

geothermal system would be around four times more expensive, as shown in Figure 8. Creating 

a collective system for the photovoltaic panels would reduce the number of inverters, but solar 

thermal remains a cheaper investment. 
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Figure 9: Total cost of ownership over 20 years for the different scenarios 

In Figure 9, the total cost of ownership over 20 years is shown. Geothermal energy remains the 

most expensive energy system, despite lower operational expenditures. The primary 

investment is simply too important compared to the rest of the scenarios in this region. On the 

other hand, the cheapest scenario on a 20-year basis is now the collective PV installation. 

Auto-consumption of the in-site production makes it the best scenario, as electricity is the only 

source of energy required. As shown in Figure 10, yearly operational expenditures are the 

lowest in PV scenarios, followed by geothermal energy and solar thermal energy.  

  

Figure 10: Yearly costs of energy & maintenance for the different scenarios 
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Figure 11: Yearly CO2eq emissions for the different scenarios 

Considering the CO2eq emissions, the PV scenario is once again the best solution, as shown in 

Figure 11. The thermal losses in the net explain why the collective geothermal energy is worse 

than the individual one. The reference scenario implies an important consumption of grid-

electricity, and the CO2eq emission factor of the Cypriot electricity mix is high 

(0.709 tCO2/MWh). Solar thermal technology does not cover the cooling demand, which is 

higher than the heating demand.  
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2. Comments and conclusion   

 

The different graphs clearly state that the optimal solution will imply the installation of 

photovoltaic panels on the roofs.  Given the cost of electricity in Cyprus and the net-metering 

scheme, but also the significant amount of sunshine in these latitudes, this kind of system offers 

an internal rate of return (IRR) of approximately 13%, and a return on investment (RoI) of less 

than 8 years. This a very interesting technology to consider in these conditions. With the 

installation of 19m² of photovoltaic cells, the on-site production of green electricity would 

cover up to 68% of the house’s consumption. 

Also, the electricity CO2eq emission factor in Cyprus is quite high (0.709 kgCO2eq/kWh), even 

worse than for Diesel fuel (0.616 kgCO2eq/kWh), probably due to an important part of coal 

and/or fuel power plants in the electricity mix of the island. The CO2eq emissions are then cut 

by a factor of 3 with the PV system. 

Regarding whether the installations should be individual or collective, there are several factors 

at stake: a collective installation would allow to reduce the number of inverters, and so the 

cost of investment. There is also a better auto consumption on-site with everyone sharing the 

same system. On a practical level, it can be difficult to get everyone on board for a collective 

association where the expenses and profits would be shared for every household, where the 

billing would be specific regarding what  is consumed from the on-site production, etc. As the 

net-metering scheme is the only one available for the residential sector, the ratio of self-

consumption is not related to the costs and revenues, and the TCO will only change regarding 

initial investments on inverters. 

The solar thermal technology market seems mature considering the fact that it is required by 

the Cypriot legislation to cover at least 25% of DHW with it. This allows the island to have 

significantly good pricing on this kind of technology, but the IRR is just not as good as with PV. 

The original investment is lower than for PV but the TCO will be higher in the end. Also, the 

electricity consumption from the grid will remain higher, which will imply higher CO2eq emissions. 

We would advise to keep the small mandatory installation to keep the available space for PV. 

The geothermal energy is not common in Cyprus, as stated by Dr Apostolos Michopoulos8 in 

our e-mail exchanges:  

“In Cyprus the use of geothermal energy for heating and cooling of buildings is not common, 

due to high installation cost and the lack of design experience. The geothermal potential in 

Cyprus is limited to the use of ground source heat pump systems, as there is no high- or low-

enthalpy geothermal reservoirs. In the area that the development is going to be, we don’t 

expect to have aquifers -based on the geomorphic characteristics- that can be used as 

source/sink of a geothermal system. I believe that in the given case study only geothermal 

heat pumps associated with vertical ground heat exchanger can be applied. Regarding the 

ground properties in the area, I expect to have thermal conductivity about 1.4 W/m/K and 

ground temperature at 20 °C. Attached you may find also two recent documents about the 

geothermal energy in Cyprus. In case that you need more information about this, please let 

me know”  

 
8 Apostolos Michopoulos8 Ph.D., senior researcher and deputy director of the research group 

of the Department of Architecture of the University of Cyprus 
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To get the required power for heating, cooling and providing domestic hot water to the 30 

dwellings of the project, a thermal conductivity of 1.4 W/m.K would imply having a length of 

approximately 10 000 meters of pipes,  which would cost around 0.5 million euros. Compared 

to the other energy concepts, this technology is financially not viable in these conditions.  

About the fossil fuel scenario, it is interesting to see this technology is not even financially 

interesting on a CAPEX point of view. In Cyprus, there is a higher cooling demand than a 

heating demand given the latitudes of the island, and it is expected to have active cooling in 

dwellings. Two different systems are then needed to provide heating and cooling, and the 

yearly energy costs would also be higher.  

Regarding all these insights, the optimal solution would be to capitalize on on-site energy 

production, and the most efficient way to do it is with photovoltaic, in combination with a small 

solar thermal installation. As many islands do, Cyprus has to cope with a high CO2eq emission 

factor for the production of their grid electricity, which results in on-site renewable energy 

sources being a very efficient way to lower  both carbon footprint and  expenses. 
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