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Building stock should be preparing for changes to cooling demand rise in Finland, as climate 

change and the amount of heatwaves and heat intensity increase. Traditionally the Finnish 

building stock has focused on passive cooling systems to provide adequate temperature 

comfort during summers. Due to health, social and environmental reasons, active cooling 

systems might be necessary in the future. 

This thesis goes through cooling demand change in an apartment building using IDA Indoor 

Climate and Energy simulation software with Respective Concentration Pathway (RCP) 

scenarios for Jokioinen. The focus of research is centered around Hämeenlinna and Kanta-

Häme region, due to the thesis being part of ILMARA - adaptation of the built environment 

of Kanta-Häme to climate change -project.  

Two active cooling systems were chosen for the thesis to investigate, district cooling and 

ground cooling, which represent centralized and decentralized energy systems, respectively. 

A literature review on cooling demand found reason to focus on future cooling demand 

increasing in Finland. Statistical data analysis on temperature, heatwave and cooling degree 

day changes was made for Hämeenlinna. These results showed increase in heatwave length 

and amount, which coincides with the census of cooling demand increasing. 

Simulated data on the case building showed increased cooling demand during summer 

months and lowered overall heating in case building. In Finnish climate, the overall 

consumption seemed to lower. With only passive cooling systems, towards the end of the 

century temperature comfort dissatisfaction increased. From cost and environmental 

perspectives, the GSHP system seemed more attractive.  
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Rakennuskannan tulisi varautua jäähdytystarpeen kasvuun Suomessa ilmastonmuutoksen, 

helleaaltojen määrän ja lämpöenergian lisääntymisen myötä. Suomen rakennuskanta on 

perinteisesti keskittynyt passiivisiin jäähdytysjärjestelmiin riittävän lämpötilamukavuuden 

aikaansaamiseksi kesäisin. Terveydellisistä, sosiaalisista ja ympäristösyistä johtuen 

aktiiviset jäähdytysjärjestelmät saattavat tulevaisuudessa olla tarpeen. 

Tämä tutkielma käy läpi jäähdytystarpeen muutoksia kerrostalossa käyttäen IDA Indoor 

Climate and Energy -simulointiohjelmistoa ja Jokioisille tehtyjä RCP-skenaarioita 

(Respective Concentration Pathway). Tutkimuksen painopiste on Hämeenlinnan ja Kanta-

Hämeen alueella, sillä työ on osa ILMARA - Kanta-Hämeen rakennetun ympäristön 

sopeutuminen ilmastonmuutokseen -hanketta.  

Opinnäytetyön tarkasteluun valittiin kaksi aktiivista jäähdytysjärjestelmää, kaukojäähdytys 

ja maajäähdytys, jotka edustavat keskitettyjä ja hajautettuja energiajärjestelmiä. 

Jäähdytystarvetta koskevan kirjallisuuskatsauksen perusteella oli syytä keskittyä 

jäähdytystarpeen kasvuun Suomen tulevaisuudessa. Tilastollinen data-analyysi lämpötilan, 

lämpöaaltojen ja jäähdytysasteiden päivien muutoksista tehtiin Hämeenlinnalle. Tulokset 

osoittivat helleaaltojen pituuden ja määrän lisääntyneen, mikä on yhteneväinen 

jäähdytystarpeen lisääntymisen kanssa. 

Rakennusta koskevat simuloidut tiedot osoittivat jäähdytystarpeen lisääntyneen 

kesäkuukausina ja rakennusten kokonaislämmityksen energiamäärän vähentyvän vuoteen 

2100. Suomen ilmastossa tulevaisuuden kokonaiskulutus näytti pienemmältä. Pelkillä 

passiivisilla jäähdytysjärjestelmillä vuosisadan loppupuolella lämpötilamukavuuteen 

tyytymättömyys lisääntyi. Kustannusten ja ympäristön kannalta GSHP-järjestelmä vaikutti 

houkuttelevammalta.   
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1. Introduction 

As the years up to 2023 rank as the world’s hottest years in record history (NOAA, 2024; 

Copernicus, 2024), the building stock should be preparing for changes to the cooling demand 

in Finland the climate change will bring (IEA, 2022a). This thesis goes through the necessary 

theory on cooling demand, and climate change models and finally simulates how the future 

climate would affect cooling demand in Hämeenlinna and which cooling systems would be 

most profitable for an apartment building complex from the point of view of the building 

owners. The theme of this thesis is linked to the objectives of the European Union and 

Finnish governments to increase sustainable and renewable energy systems in their regions 

by establishing and facilitating sustainable investments and increasing energy efficiency 

(Ministry of Economic Affairs and Employment of Finland, 2022; European Commission, 

2023; European Commission, 2020). A large part of such a goal is to respond to the demands 

of the current and future building stock regarding energy via heating, cooling, and electricity 

demand. 

1.1. Background 

Due to the prevailing Finnish green transition, this thesis will examine cooling technology 

from an environmental and sustainable point of view in a model building in the Hämeenlinna 

region. This means, that cooling systems under scrutiny are all expected to be sustainable 

and renewable. When choosing energy systems for buildings a major part of such a feat is to 

choose one with the least amount of economic burden for investors and the end-users of 

energy later in the building's life. This, combined with the trend of electrification, means that 

the energy system in question must be also ecologically sustainable. For investors, this 

creates a problem. Older techniques are often less expensive, but also more environmentally 

unfriendly, whereas newer technology tends to be quite expensive to invest in. And in 

addition to these requirements, the technology present today is everchanging and evolving; 

why invest in an expensive system with a long lifetime, when the same system will be 

cheaper and better in ten years? This problem requires lifetime costs to compare if it’s sound 

to invest now or to wait until the system is cheaper. 
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The recent low-carbon building assessment method from The Ministry of Environment, 

which will be introduced as policy on 1.1.2026 (MoE, 2024), will consider buildings' whole 

lifecycle to direct builders and the building stock towards the goal of carbon-neutral building 

stock by 2050. This assessment method is the continuation of the European Union’s previous 

work with the Energy Performance of Buildings Directive (EPBD) (European Parliament, 

2023). With the new building assessment and its threshold values for greenhouse gas 

emissions (GHG), the motivation to increase renewable and sustainable energies becomes 

more relevant in Finland as well. The language in the Ministry of Environment and European 

Parliament on this topic is futuristic. This means that reaching these targets, all while 

providing comfortable and healthy living conditions, is a challenge. How to predict the 

changing climate conditions and assimilate to future needs with new technologies, materials, 

and threshold values? Usually, the answer to this is to emulate the world with virtual 

simulations and try to predict as much as possible to create a climate resilient building stock. 

Traditionally the Finnish building stock has not been very focused on providing inexpensive 

cooling systems to apartment buildings, because there has not been a need; ventilation and 

passive cooling during summer months have been enough (Farahani, Jokisalo, Korhonen, 

Jylhä, Ruosteenoja & Kosonen, 2021). In warmer climates, these problems have been 

recognized ages ago, and solutions for those climates exist today. Finland and other Nordic 

countries often focus on providing for the heating demand of winter months, which is much 

needed, as the heating degree day index in Finland is one of the highest in Europe (Eurostat, 

2024). 

Due to climate change and the warming of Finnish winters the heating demand peaks are 

expected to lower in the future (Sukanen, Taylor, Castaño-Rosa, Pelsmakers, Lehtinen & 

Kaasanen, 2023; Fischer & Schar, 2023; Ruosteenoja & Jylhä, 2023; Meehl & Tebaldi, 

2004). Globally, according to Santamouris (2016), the average cooling energy demand of 

residential and commercial buildings will increase up to 750 % and 275 % respectively. Will 

climate change heat up Finnish summers as well? According to the Finnish Metrological 

Institute (FMI), at least unpredictable weather and heatwaves are to increase and intensify 

(Ruosteenoja & Jylhä, 2023). There are ways to mitigate these temperature spikes in 

buildings passively, which is a subject that is very well-researched, studied, and simulated 

with IDA Indoor Climate and Energy (ICE) software (Farahani, Kravchenko, Jokisalo, 

Korhonen, Jylhä & Kosonen, 2024, 2021; Sukanen et al., 2023; Velashjerdi Farahani, 
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Jokisalo, Korhonen, Jylhä, Kosonen & Lestinen, 2024, 2022). Some simulations for cooling 

system choices have also been made (Matinlompolo, 2018; Kivistö, 2023), but these have 

yet to include apartment buildings. 

Why compare decentralized versus centralized energy systems? Why focus on these 

differences? Earlier studies show building cooling demand to slightly rise during 2020-2100 

in the Helsinki-Vantaa region (Farahani et al., 2024, 2021), but the simulations were made 

for buildings with existing energy systems, and their investment costs were not covered 

extensively. Lovati (2021) has described centralized and decentralized systems to compete 

with each other. Centralized energy system is usually part of a larger area, and traditionally 

has some energy losses included with transmission from the power plant to the end-user 

(Energiateollisuus, n.d.a). Finland has extensive district heating networks and a long history 

of providing heat with them. At present, most of these systems have plans or designs to 

combat heat losses (Energiateollisuus, n.d.a). 

Decentralized systems include energy generation to buildings on a smaller scale, which 

transcripts to lower energy losses along the way of transmission. In this thesis, the 

decentralized system under scrutiny is chosen to be low enthalpy geothermal energy, or 

ground source heat, since it is a local system. There are different ways to implement ground 

source heat, which are often reliant on location conditions. 

How do centralized and decentralized systems compete with each other? In a centralized 

system, the natural monopoly created in the region is essential. The natural monopoly is 

organized by calculating the profitability of adding buildings in the area to the network and 

of building the network itself. For a large area, building more networks creates competition 

to divide customers in the same area, which reduces the return on investment. A 

decentralized system removes the monopoly of the large network company and allows the 

owner of the decentralized system to own their system. In Finland, district heating companies 

are most commonly not owned by citizens (Figure 1) (Viljanen, Tahvavainen, Honkapuro & 

Partanen, 2011). 
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Figure 1. Ownership of 183 Finnish district heating companies. Adapted from the Energy 

Research Report (Viljainen et al., 2011) 

The competitiveness of decentralized heating systems based on renewable energy sources 

has been previously compared to those based directly on electricity and fossil fuels by Pöyry 

Consulting Oy (2017, p. 39-40), and examined in a situation where the existing system 

requires replacement. When looking at newer detached houses, the competitiveness of 

different heating systems was influenced to a large extent by the requirements of building 

regulations for total energy consumption, as defined by the type of building and the primary 

energy sources used, as well as the resulting energy efficiency requirements and the resulting 

additional construction costs (Pöyry Management Consulting Oy, 2017, p. 42). 

 

1.2. Goals and methods 

The goal of this thesis is to answer the following research questions: 

1. What is the most economically viable cooling solution for the case apartment 

building under study from the point of view of either district cooling or ground source 

cooling from boreholes? 
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2. Will the cooling demand in apartment buildings in Hämeenlinna change by 2100? If 

it will, what are the estimates? 

IDA ICE 5.0 simulation software is used to determine heat and cooling demands for the case 

building in question. For this to be a viable solution for simulating the potential cooling 

demand rise, current and future weather data with appropriate climate change models and 

potential scenarios for global warming need to be studied. From these scenarios, the 

estimated cooling degree days (CDD) or cooling degree hours (CDH) will be acquired, and 

simulation with different cooling systems can be appraised.  

IDA ICE software comes equipped with the energy performance of buildings test years 

(TRY) with reference years for Vantaa, Jokioinen, and other Finnish cities. Along with the 

reference year of 2020, there are some Representative Concentration Pathways (RCPs) for 

estimating heating and cooling demands for future climate. Since the closest possible data 

point for Hämeenlinna is Jokioinen, it will be used as a reference point for the simulations. 

However, IDA ICE does not have ready-made weather files for Jokioinen regarding other 

RCPs. The meanings of the RCPs and test years are expanded on in Chapter 2.2.  

This thesis assumes that temperature will rise globally due to climate change, which is 

backed by IPCC reporting (Clarke et al., 2023), the FMI scientists (Ruosteenoja & Jylhä, 

2023), and other simulation studies made on Finnish climate (Farahani et al., 2021; 

Kravchenko et al., 2023). Part of the thesis is to conduct a literature and data review on 

climate change effects on buildings cooling load, and based on gathered theory, simulate 

cooling demand from 2020 to 2100 with IDA ICE in a case building.  

Literature review is done by researching relevant studies on building simulations in Finland 

from research collections such as LUT Primo and ScienceDirect. From found research 

papers the references to data, theory on heat island phenomenon, climate change and weather 

data compilation, and energy system pricing is looked at. As result of such literature review 

the theory portion of this thesis is formed which consists of temperature, heatwave, and 

climate change potentials in the Kanta-Häme region towards the year 2100. 

Previous studies on office spaces using current climate ventilation systems have shown that 

current systems can hold indoor climate under 25 ºC up to the year 2100, although the 

electricity demand rises as power demand increases during cooling months (Velashjerdi 
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Farahani et al., 2022). Also, a previous study of the resilience of residential buildings from 

the Helsinki region (Velashjerdi Farahani et al., 2024) found that space cooling systems were 

required in residential buildings to overcome extreme weather conditions and that the 

maximum required cooling power increased in future climates. Latest of such studies like 

Farahi et al., (2024) have used weather data points from the summer of 2018, which was one 

of the hottest summers in Finnish history with a record-breaking heatwave, to compare 

similar heatwave frequency in the future. To recognize the same data point as Hämeenlinna, 

a data analysis was conducted for the years 2002 to 2023 to recognize heatwaves in the area 

(Figure 2). The year of 2018 was hottest in Hämeenlinna as well. The rest of the years are 

provided with the heatwave limit at 25 °C in (Appendix 1.). 

 

Figure 2. Summer of 2018 visualized with a threshold of 20 ºC. Each number represents the 

hours over the set temperature threshold. The value 24 means 24 hours of over 20 ºC weather. 

The data location is Hämeenlinna, Lammi, and data acquisition is from FMI (2024). 

Similar summers have been recorded since, and according to an overview of relevant studies, 

the extreme heatwaves will probably increase in the future. As southern Finland and its 

building stock are susceptible to these changes (Farahani et al., 2021; Ward et al., 2016), so 

is the region of Kanta-Häme as well. To prepare, building owners must take precautions to 
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prevent an unhealthy indoor climate and invest in appropriate cooling systems. This thesis 

studies two ways to implement cooling with relatively mature technologies, that fit together 

with existing heating solutions. Finally, the thesis will research the cost of these systems and 

make a feasibility study, which considers the environmental factors as well. 

 

1.3. Scope of the work 

The scope of this thesis starts from researching phenomena affecting cooling demand in the 

Hämeenlinna region (Figure 3) and researching suitable technical solutions for dividing 

active cooling in the case building. There are other aspects to climate change and global 

warming than potential cooling demand rise which will affect buildings, their users, and their 

health. However, this thesis will adhere to investigating the aspects only related to cooling 

demand. 

 

Figure 3. The area of Hämeenlinna, to which the cooling demand estimation is conducted 

(PVGIS, 2024) 
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Cooling methods can be divided into active and passive cooling methods, of which the 

former cooling methods are “mechanical equipment to satisfy the needs not provided by 

nature” (Lechner, 2015; Oropeza-Perez & Østergaard, 2018). They use electricity or heat as 

power and the most used ones in the residential sector have been fans, evaporative coolers, 

and heat pumps (Lechner, 2015; Oropeza-Perez & Østergaard, 2018). According to the 

Finnish building code D3, all other methods of passive cooling should be looked at before 

active cooling is applied to keep zone degree hours below 150 (MoE, 2012; Palin & 

Pulliainen, 2013; MoE, 2017). Because if these limitations for active and passive cooling 

system designs, the case building will have passive cooling methods in place as well. 

 

1.4. Limiting factors 

The technical aspects of simulating accurate data from simulation software IDA ICE, and 

the fact that climate change models used for the simulations for different periods are based 

on future projections and estimates, are accuracy limiting factors for this thesis. There are 

also other limiting factors such as the pre-set factors, some datasets, and calculation styles 

of IDA ICE, for example, the pre-existing weather files made by The Finnish Meteorological 

Institute (FMI), which are estimates of normalized climate years (Laukkarinen et al., 2022). 

Building user heat loads and operational times, heating loads from appliances and lighting, 

etc., are estimated according to the Decree of the Ministry of the Environment (MoE) on the 

energy efficiency of new buildings (MoE, 1010/2017).  

The reference year 2020 for Jokioinen will be used to simulate the climate in the 

Hämeenlinna area. This is done because Jokioinen is the closest weather measuring point to 

Hämeenlinna and has ready-made data for simulating current and future climate made by a 

credible source, the FMI. 

A limit for selection of cooling systems under study are made for both decentralized and 

centralized cooling energy production systems, which are ground source cooling and district 

cooling. There are other ways to utilize ground source heat for example, which are all 

important, but rather large subjects for one work to include. An example of these could be 

energy piles, which can be utilized for heating and cooling, and need to be installed while 

construction. Ground source heat pump (GSHP) and district cooling (DC) are both usable 
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with existing infrastructure, their heating system counterparts are popular in Finland 

(Energiateollisuus, n.d.a; Motiva, 2020), and the technology is mature enough to be reliable. 
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2. Cooling demand in buildings 

There are several aspects affecting cooling demand in the coming years. These aspects have 

been mapped out extensively and models and simulations for these phenomena exist today. 

In the following chapter these aspects are studied. These phenomena are introduced in the 

following chapters, starting with cooling demand, temperatures in climate change and its 

effects on cooling, followed by the heat island phenomena. 

Kheiri, Haberk & Baltazar (2023) describe degree days as indexes which quantifie the 

number of temperature degrees that the average daily temperature is above or below a certain 

temperature, called the balance-point temperature. According to Eurostat calculation 

method, in the degree day method the average temperature and balance-point temperature 

are used to calculate the degree days, often over multiple years or within a year (Eurostat, 

2024). 

CDDs measure heat excess by cumulating daily degrees above a temperature threshold. 

Similarly, heating degree days (HDD) refers to the amount of degree days which exceeds 

the threshold value for needing heating. Threshold values for cooling and heating in Finnish 

buildings have been set by the Ministry of Environment of Finland (MoE). The design value 

for the room temperatures for apartment buildings during the heating season should be 21 

°C. (MoE, 1009/2017.) While planning room temperature management, the room 

temperature may vary between 20 °C and 25 °C during the heating season and between 20 

°C and 27 °C outside the heating season (MoE, 1009/2017).  Additionally, calculated room 

temperature for summer season must not exceed the cooling limit value of + 27 C for the 

building zone in question by 150-degree hours (MoE, 1010/2017). 

The Eurostat method of calculating the CDD index (Equation 1.) relies on the base 

temperature, defined as “the need for cooling” (Eurostat, 2024). According to Eurostat 

(2024), “the value of the base temperature depends in principle on several factors associated 

with the building and the surrounding environment” (Eurostat, 2024). By using a general 

climatological approach that the Eurostat uses, the base temperature is set to a constant value 

of 24 °C in the CDD calculation (Eurostat, 2024). 

𝐼𝑓 𝑇𝑚 ≥ 24 °𝐶, 𝑡ℎ𝑒𝑛 [𝐶𝐷𝐷 = ∑ 𝑇𝑚
𝑖

𝑖
− 21 °𝐶] , 𝑒𝑙𝑠𝑒 [𝐶𝐷𝐷 = 0] (1) 
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where 𝑇𝑚
𝑖   [°C] is the mean air temperature of day 𝑖. 

Noteworthy here is the fact that Eurostat uses CDD index, which is degree hours e.g., the 

difference of degrees from average daily temperature, which is calculated daily. For hourly 

simulation the CDD index is not enough to determine cooling demand since on average the 

Finnish daily average temperature has rarely exceeded 24 °C (Figure 4) and in Finland 

buildings tend to overheat regardless of this fact (Farahani et al., 2024).  

 

Figure 4. Average Cooling Degree Days, 1979-2022 (Eurostat, 2024) 

CDH is a more useful indicator to inspect building’s cooling load during the cooling period 

(Equation 2.). The number of CDH generated during an hour equals the outdoor ambient 

temperature minus the balance-point temperature (McGarity and Gorski, 1984; Santamouris, 

2016), which in Finland is most comfortable at 21-24 °C according to Motiva (2024c). The 

balance point temperature, or so-called target temperature, can be changed according to need 

and comfort level. 

𝐶𝐷𝐻 = ∑ (𝑇𝑎𝑚𝑏 − 𝑇𝑜𝑏𝑗)
ℎ

𝑛

ℎ=1
 (2) 
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where 𝑇𝑎𝑚𝑏 is the ambient temperature, 𝑇𝑜𝑏𝑗 is the target temperature (21 °C) and h refers 

to the number of hours per year. 

As cooling demand has been estimated to grow due to the climate change (Zhang et al., 

2021), the effect of this change on building indoor climate will change as well. There are 

other important and potentially harmful aspects of temperature rise within buildings, other 

than rise of the uncomfortable living conditions brought by high temperature seasons and 

higher cooling demand. High indoor temperatures are unhealthy especially for the elderly 

and sick, who might not have functioning temperature regulation and are prone to respiratory 

distress (Tham et al., 2019; Ministry of Social Affairs and Health, 2019). In addition, the 

proportion of the pensionable population in Hämeenlinna (27 %) is higher than the level of 

the whole country (23 %) (Statistics Finland, 2023). Since the pensionable population has 

the potential to continue to rise, considering the Ministry of Social Affairs and Health’s 

545/2015 decree on the health conditions of apartments and other living spaces seriously is 

important. Addressing the rising cooling demand requires consideration from both monetary 

and energy efficiency perspectives. Moreover, there is significant potential for enhancing 

health benefits through adequate temperature control within buildings, which constitutes an 

important social aspect. 

 

2.1. Temperature change in Hämeenlinna 

The FMI has used model results to estimate how climate change will affect the occurrence 

and severity of heat waves in the future (Ruosteenoja & Jylhä, 2023). Based on the results 

of 25 climate change models, the study estimated the occurrence of heatwaves in a climate 

where the average global temperature had increased by 0.5, 1.0, 1.5 or 2.0 degrees Celsius 

compared to pre-industrial times (Ruosteenoja & Jylhä, 2023). A half-degree rise was 

achieved in the late 20th century and a one-degree rise in the 2010s (Ruosteenoja & Jylhä, 

2023). International climate agreements, on the other hand, aim to halt future warming, 

preferably at one and a half degrees, but at the latest at two degrees (Unfccc, n.d.). 

When studying the temperature data from Hämeenlinna, Lammi (FMI, 2024) during the 

years 2000-2023 (Figure 5 and Figure 6) a rather unchanged lines and very similar data 
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points can be seen. The most change from 2000 to 2023 can be seen in June, when the 

average temperature seems to rise faster than in previous years.  

The results of FMI study (Ruosteenoja & Jylhä, 2023) were focused on Finnish summers 

and the likelihood of heatwaves increasing in future climate. Some of the findings show, that 

such a change is already happening. Figure 7 and Figure 8. of Hämeenlinna’s data show a 

similar result, when looking at temperatures and heatwave occurrences during past years. 

The year 2018 was especially hot with an unusually long heatwave. Figure 7. shows the heat 

limit with 25 °C, which is the heat limit value set for heatwaves in Finland (FMI, n.d), while 

the FMI consider everything over 20 °C, as in the Nordic countries this limit can be 

considered a “pohjoismainen kesäpäivä” or “Nordic summer day”. Hence, a similar change 

to the temperature threshold limit is shown in Figure 8.  

 

Figure 5. Average temperatures in Hämeenlinna, Lammi during years 2000 to 2023. Data 

from FMI (2024). 
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Figure 6. Maximum temperatures of summers between 2002 to 2023 in Hämeenlinna, 

Lammi, May to August. Data from FMI (2024). During the year 2019 there was a data 

anomaly (40.2 °C), which was caused by faulty measuring equipment (Hämeen sanomat, 

2019). 

 

Figure 7. Amount and time (days) of heatwaves in Hämeenlinna, Lammi during years 2002-

2023 during May-August period. Data from FMI (2024). Heatwaves are classified as over 

25 °C and lasting at minimum 3 days 
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Figure 8. Amount and time (days) of heatwaves in Hämeenlinna, Lammi during years 2002-

2023 during May-August period. Data from FMI (2024). Heatwaves are classified as over 

20 °C and lasting at minimum 3 days 

With the 20 ºC threshold change, the graphs change as well. In Figure 7 the harsh weather 

is more prominent, and the required cooling hours are more apparent and distinguishable 

from each year. In Figure 8 the amounts of heatwaves start to blend some, but in Table 1 

some of the values express change. The values were calculated together from 2002 to 2012 

and from 2013 to 2023 to find overall change between decades. This type of weather data 

analysis is often prohibited, due to weather patterns expressing themselves in fewer instances 

than a year. However, Hämeenlinna, Lammi only got their weather measuring equipment 

from August of 2001 onwards, therefore for Hämeenlinna 20 years of data is all there is. 

Table 1. Overall amounts and heatwave lengths from Hämeenlinna, Lammi data, 2002-2023 

(FMI, 2024) 

Hämeenlinna, Lammi 

weather data 

-2002 2013- -2012 2013- 

 20 ºC limit 25 ºC limit 

Amount of heat waves 68 74 30 30 

Heatwave lenght (days) 198 192 63 78 
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In Table 1 from year 2013 under the 25 ºC limit the heatwave length has increased some, 

which can be an indicator of extreme weather increase (FMI, n.d.). With the 20 ºC limit the 

data suggests that overall number of maximum temperatures in the region have increased 

some. However, these variations are minor, but do follow the current FMI census of Finland 

experiencing temperature rise (Meehl & Tebaldi, 2004; Ruosteenoja & Jylhä, 2023). 

 

2.2. Representative Concentration Pathways 

From previous studies and current census on the subject, temperature rise in Finland is 

expected to grow, and Hämeenlinna is no exception. Regarding simulation purposes of 

climate, the IDA ICE program is readily equipped with RCP 4.5 (named RCP45 in the 

software), which can be considered a so-called “middle-pathway”. RCP 4.5 has an expected 

global temperature rise of 1.8 ºC, and medium level expected costs for adaptation, and 

considers policy changes (Moss et al., 2010). The “4.5” refers to the numerical value of 

concentration of the assigned radiative flux at year 2100. In addition to RCP 4.5, there are 3 

other scenarios with different GHG pathways. These are often ranked in severity as follows: 

- RCP 8.5, with no emission reduction, business-as-usual emissions, and fossil fuel 

energy production, will be expected to cause large increase in extreme weather, 

adaptation required at high level and cost. 0.63-meter sea level rise (Moss et al., 

2010; Qin et al., n.d.). 

- RCP 6.0, with medium effort to curb emissions and a mixture of fossil and renewable 

energy production, will be expected to cause moderate increase in extreme weather, 

adaptation required at medium level and cost, 0.48-meter sea level rise (Moss et al., 

2010; Qin et al., n.d.). 

- RCP 4.5, with slightly higher medium effort to curb emissions and a mainly 

renewable energy production, will be expected to cause moderate increase in extreme 

weather, adaptation required at medium level and cost, 0.47-meter sea level rise 

(Moss et al., 2010; Qin et al., n.d.). 

- RCP 2.6., with high effort to curb emission and renewable energy production and 

emissions capture and transportation transformation to mainly public use, will be 



25 
 

expected to cause a small increase in extreme weather, adaptation required at low 

level and cost (Moss et al., 2010; Qin et al., n.d.). 

The RPC8.5 is the only pathway where emissions continue to rise until the year 2100. 

According to Laukkarinen et al., to achieve the other three pathways, emission reduction 

must happen at some point. RCP8.5 is likely to deliver warming of 4 ºC or more. 

(Laukkarinen et al., 2022; Ruosteenoja and Jylhä, 2023.) 

For the simulation of case building in Hämeenlinna, the RCPs considered are RCP 4.5 and 

8.5. RCP 2.6 is most ambitious of the RCPs and has an expectation of emissions declining 

to the year 2100. Currently this scenario seems unrealistic, and rather similar to the values 

the reference scenario for the year 2020 gives. RCP 6.0 is a very similar to the RCP 4.5, 

which is why the RCP 4.5 was chosen. 4.5 and 8.5 seem apart enough from each other to 

generate interesting results, while RCP 2.6 seems quite close to emissions from reference 

year from TRY2020. This is logical, because TRY2020 is expected to simulate the average 

year to 2020, and RCP 2.6 is expected to decline in emissions in 80 years to some extent. 

 

2.3. CDH & TRY 

The Joint Research Center’s (JRC) Projection of Economic impacts of climate change in 

Sectors of the European Union based on bottom-up Analysis (PESETA) III Science for 

Policy Summary Series report in impact of climate change on energy demand (Kitous, & 

Després, 2018) expects significant rise in CDD in Spain, moderate rise in whole of Europe 

(28 countries) and slight rise in Northern Finland. According to data from FMI (2024), CDDs 

for 2023 in Hämeenlinna did not exceed limits of previous years, as seen in Table 2. Overall, 

the CDD has remained rather unchanged in the area in the last 23 years. Bolded values in 

Table 2. are from years which are considered to have had unusually hot summers with longer 

period heatwaves. 
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Table 2. CDDs for different temperature limits in Hämeenlinna, Lammi 

Year CDD, 27 ºC 

limit 

CDD, 26 ºC 

limit 

CDD, 25 ºC 

limit 

CDD, 24 ºC 

limit 

2023 264 395 588 771 

2022 777 1073 1338 1531 

2021 1081 1401 1644 1949 

2020 240 334 517 761 

2019 393 563 766 990 

2018 1237 1583 1946 2279 

2017 0 0 23 32 

2016 13 30 128 331 

2015 50 83 172 287 

2014 887 1202 1591 1874 

2013 160 328 507 681 

2012 19 70 127 200 

2011 610 915 1222 1454 

2010 1023 1347 1774 2159 

 

The FMI has compiled energy calculation test years (TRY, Energilaskennan testivuodet) for 

different Finnish weather zones (Jylhä et al., 2020). Hämeenlinna belongs to the second 

zone. For the calculation of heating and cooling energy consumption in buildings, a new test 

year for the current climate (TRY2020) and updated test years for the future climate 

(TRY2030, TRY2050, TRY2100) were made. With the future climate files there are 

different RCPs, or climate scenarios, which consider the projections of possible future GHG 

emissions that may affect hourly temperature projections. Based on these RCP scenarios and 

future temperature projections, the CDHs for future were calculated using the Equation 2. 

The results for these values can be seen in Table 3. 
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Table 3. Degree hours in Hämeenlinna when balance point limit is 21 °C, data from Statistic 

Finland (2024) 

 
RCP 

 
2.6 4.5 8.5 

 
2030 2050 2080 2030 2050 2080 2030 2050 2080 

𝑻𝒐𝒃𝒋 CDH [ºCh] 

27 180.1 213.5 211.3 201.9 246.1 329.7 229.5 403.4 1003.8 

24 572.2 663.8 660.7 614.5 777.6 1003.6 692.9 1080.1 2117.9 

 

An important factor to consider when calculating cooling is the sun radiance. In 

Hämeenlinna the yearly in plane radiance can exceed 1000 kWh/m2 according to PVGIS-

calculator (Figure 9) (JRC, 2024). This means, that the heat load from direct sunlight on a 

plane perpendicular to the sun can exceed 900 W/m2 at midday in ideal conditions (Motiva, 

2024a). The amount entering the dwelling through windows will vary depending on their 

orientation, the surface area of the windows, the solar control properties of the windows and 

the building, and environmental shading. The solar heating effect can be several tens of watts 

per square meter of floor or even close to 100 W/m2 without passive solar shading solutions 

(Talotekniikkainfo, 2021). This means, that simply calculating the CDH for Hämeenlinna is 

not enough, there is a need to know the actual inside temperatures of the apartments so that 

the comfortable living temperature can be assessed and the required heat load from sun 

radiance can be replaced. 
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Figure 9. Monthly solar irradiation estimates for Hämeenlinna centre (PVGIS, 2024) 

If possible solar shading measures at the site do not achieve the summer temperature 

requirement, an active cooling solution should be considered in addition to solar shading. 

However, active cooling should not be used as the only solution to meet the temperature 

requirements (MoE 2012).  

2.4. Heat island phenomenon 

The growth of cities and the birth of new cities shape the local climate, which manifests 

itself in the warmth of urban areas compared to the surrounding rural areas. In this case, we 

talk about urban heat island phenomenon. 

The heat island phenomenon has been found to reduce the heating demand of buildings in 

winter, and works the opposite way in summer, when the cooling demand rises. The ILKKA 

project carried out in Turku between 2012 and 2014 discovered a heat island phenomenon 

in Finland, which was manifested in differences due to the storage of radiant energy, 

evaporation, and anthropogenic heat production (ILKKA, 2014). In the study of the Surface 

Urban Heat Island Magnitude (SUHIM) phenomenon, Ward et al. (2016) estimated that 
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additional heat affects cities with colder climates and cities with more urban green areas 

more. Thus, cooler northern European cities appear to be more vulnerable to heat waves, 

while southern European cities might be able to adapt easier. 

In Finland, the heat island phenomenon has been investigated in several different cities, such 

as Tampere, Lahti, Helsinki, Espoo, and the previously mentioned Turku. The general 

methods for research and data acquisition in Finland's climate have been air temperature 

measurements based on satellite data. In Hämeelinna, the ILMARA project (2024) 

investigates the heat island phenomenon by measuring temperatures in several parts of the 

city. 

The Tampere inner-city heat island project (Larjosto et al., 2022) operating during the years 

2021–2025 produced a report in heat islands in the city. The observations, literature review 

and statistical analysis gave recommendations for the city's master plan. The work prepared 

recommendations for mitigating the heat island phenomenon and preparing for it. The 

project listed the same reasons for the heat island phenomenon as Ward et al. (2016) stated 

in the modelling; the release of radiant energy stored on surfaces as heat, waste heat caused 

by human activity, low evaporation, and topographical factors. 

The section on the characteristic features of the heat island in the Climate-Resistant City 

planning guide implemented in Helsinki slightly specifies the theory of the heat island 

(Drebs et al., 2014). It describes the strongest time of the heat island phenomenon, the 

weakly windy morning and night, due to which the temperature differences between a 

densely populated city and the countryside can differ by up to 10 °C (Drebs et al., 2014). 

Since weak windy morning nights can occur at any time of the year, it should be noted that 

the heat island phenomenon does not occur only in hot seasons. Also, Drebs et al. (2014) 

observed that a generally higher temperature in a densely populated area in Finland lowers 

heating costs in colder seasons, although as an adverse effect when temperature goes 

between slightly over and under zero degrees Celsius. These fluctuations cause melting and 

freezing, making traffic lanes heavy to travel on. 

The previous years' heat records confirm the theory about the effect of climate change on 

rising temperatures all over Finland (Jylhä, et al., 2020). As heat waves become more 

common, it can be assumed that the heat island phenomenon will become more common and 

prominent (Jylhä, et al., 2020). 
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2.5. Technical improvement 

The JRC’s PESETA III report collection on “Assessment of the impact of climate change on 

residential energy demand for heating and cooling” by Kitous & Després (2018), studies the 

impact of climate change to various sectors within the EU. Part of the report series was to 

look at how technical improvement affects energy end-usage amount with regards to cooling. 

 Kitous & Després (2018) expressed insulation and AC technical improvement to reduce 

cooling demand by approx. 30 % by 2100. The same report notices, that technical 

improvement might not be directly impacted by climate change, and only “the heating and 

cooling spending has an impact on the insulation effort.” (Kitous & Després, 2018.) The IEA 

(2018) reports, that the growing demand for air conditioners is one of the blind spots in 

energy debate. As cooling demand increases, and AC usage with it, the electricity demand 

of cooling will be expected to become one of the drivers of global energy demand (IEA, 

2018).  
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3. Cooling systems 

Air cooling in buildings is a complicated feat, since instead of using energy to create heat, 

the cooling systems need to take heat away from the cooled space. Common types of cooling 

systems include central air conditioners and heat pumps, of which the former is used to cool 

the entire building with a large compressor unit located outside. The latter is basically the 

same, except the cycle of cooling can in some cases also be reversed to heat the space, 

depending on the heat pump type. 

With a cooling system, the system can maintain the indoor temperature of the dwelling at 

the desired level in almost all conditions whereas “viilennys” of living spaces means the 

system seeks to limit the rise in indoor air temperature by lowering the supply air temperature 

or by other cooling systems (Talotekniikkainfo, 2024). For this thesis, the difference of 

“viilennys” and cooling are rather not relevant and considered only as methods of cooling. 

Cooling itself can be categorized as active or passive. Passive cooling techniques are based 

on solar and heat control systems, which dissipate excess heat to natural low temperature 

sinks, such as the ground or water (Santamouris, 2016). Active cooling refers to mechanical 

removal of heat outside the cooled zone. Cooling energy can be produced by heat pumps, 

absorption technologies, free cooling and via compressors. (Dinçer & Kanoglu, 2010.) 

A mechanical cooling system can be a central air conditioning system, in which the buildings 

working air handling unit (AHU) controls the supply air temperature via a cooling coil. With 

AHU, the temperature of supplied air to zones is constant in all zones, meaning, that all 

zones are supplied with the same temperature air, unless the system is multi-ducted (IPI, 

2017, p.12).  

3.1. Calculating cooling energy 

The cooling energy used to cool the spaces in a building is supplied either by air flow, water 

flow or both at the same time. The energy consumption of the cooling system consists of the 

energy consumption of the cooling energy output (e.g. compressor plant or cooling tower) 
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and the electricity consumption of auxiliary equipment. These annual energies are calculated 

when calculating the cooling energy demand of the building using an appropriate energy 

simulation software (in this case, IDA ICE), using a time step of up to one hour. Equation 3 

is used to calculate the annual cooling energy, which is from the “Energy efficiency: 

Calculating the energy consumption and heating demand of a building” -instruction from 

Chapter 9 onwards (Ministry of Environment, 2017). 

𝑄𝑐 = (1 + 𝛽𝑐,𝑎𝑖𝑟)𝑄𝑐𝑖 + (1 + 𝛽𝑐,𝑤)𝑄𝑐,𝑢𝑛𝑖𝑡 (3) 

Where 𝑄𝑐 is cooling energy produced by cooling system [kWh/a], 𝛽𝑐,𝑎𝑖𝑟 is the coefficient to 

consider the losses on the air side of the system (thermal, condensation, etc.) (MoE, 2017), 

𝑄𝑐𝑖 is cooling energy used by the air conditioner radiator [kWh/a], 𝛽𝑐,𝑤 is coefficient for the 

water side (thermal) losses of the system (MoE, 2017), and 𝑄𝑐,𝑢𝑛𝑖𝑡 is cooling energy used 

by room equipment [kWh/a]. 

For a system that uses electricity only, Equation 4 can be used (MoE, 2017). 

𝑊𝑐𝑜𝑜𝑙𝑖𝑛𝑔 =
𝑄𝑐

𝜀𝐸
+ 𝑊𝑎𝑑𝑑,𝑐 (4) 

Where 𝑊𝑐𝑜𝑜𝑙𝑖𝑛𝑔 is the cooling system electrical energy consumption [kWh/a], 𝑄𝑐 is the 

cooling energy produced by the cooling system [kWh/a], 𝜀𝐸 is the annual cold coefficient of 

the cooling energy production process [-], 𝑊𝑎𝑑𝑑,𝑐 is the auxiliary cooling system auxiliary 

equipment electricity consumption [kWh/a]. 

For calculating energy of district cooling district cooling Equation 5 is used (Moe, 2017). 

𝑄𝑐𝑜𝑜𝑙𝑖𝑛𝑔 =
𝑄𝑐

𝜀𝑄

(5) 
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Where 𝑄𝑐𝑜𝑜𝑙𝑖𝑛𝑔 is the energy demand of a system using cooling or heating energy [kWh/a], 

𝑄𝑐 is the cooling energy produced by the cooling system [kWh/a], and 𝜀𝑄 is the annual 

cooling coefficient of the cooling energy production process [-]. 

The annual coefficient of performance of a cooling process (𝜀𝐸 or 𝜀𝑄), is defined as the ratio 

of the annual cooling energy produced by the process to the annual energy consumed in the 

process (MoE, 2017). The energy used for the production process includes, inter alia, 

pumping energy for the condenser circuit, condenser fan energy, cooling tower fan energy 

and other energy directly used to cool the building. Equation 6 is used to determine the 

instantaneous coefficient of cooling energy output, or EER (Energy Efficiency Ratio). (MoE, 

2017.) 

𝜀𝐸 =
𝜙𝑐

𝑃𝑐

(6) 

Where 𝜙𝑐 is the cooling power produced by cooling device [W] and 𝑃𝑐 is the electrical power 

used by the cooling device (including compressors, condenser fans, production unit pumps) 

[W]. 

When the cooling energy used in a building is produced by two different processes, for 

example free cooling and a supplementary compressor unit, the annual energy consumption 

of the system is calculated using Equation 7 (MoE, 2017.) For example, this can be free 

cooling from ground source and GSHP compressor unit working together. 

𝑊𝑐𝑜𝑜𝑙𝑖𝑛𝑔 = 𝛼1 (
𝑄𝑐

𝜀𝐸1
) + 𝛼2 (

𝑄𝑐

𝜀𝐸2
) + 𝑊𝑎𝑑𝑑,𝑐 (7) 

Where 𝑊𝑐𝑜𝑜𝑙𝑖𝑛𝑔 is the cooling system electrical energy consumption, [kWh/a], 𝛼1 is the 

share of annual cooling energy produced by production process 1 [-] (MoE, 2017), 𝑄𝑐 is the 

cooling energy produced by the cooling system [kWh/a], 𝛼2 is the share of annual cooling 

energy produced by production process 2 (𝛼1 + 𝛼2 = 1,0) [-], 𝑊𝑎𝑑𝑑,𝑐 is the electrical energy 

consumption of auxiliary cooling system auxiliaries [kWh/a], 𝜀𝐸1 is the annual cooling 
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coefficient of output process 1 [-] and 𝜀𝐸2 is the annual cold coefficient of the production 

process 2 [-] 

Cooling systems also use electricity to power pumps, fans, other auxiliary equipment, and 

distribution, which can be calculated using Equation 8 (MoE, 2017.) 

𝑊𝑎𝑑𝑑,𝑐 = 𝛽𝑎𝑑𝑑𝑄𝑐 (8) 

Where 𝑊𝑎𝑑𝑑,𝑐 is the auxiliary cooling system auxiliary equipment electrical energy 

consumption [kWh/a], 𝛽𝑎𝑑𝑑 is the annual coefficient of consumption of electrical energy of 

auxiliary equipment of the system [-] (MoE, 2017) and 𝑄𝑐 is the cooling energy produced 

by the cooling system [kWh/a]. 

3.2. Primary energy factor, E-value, and CO2 emission factors 

A primary energy factor (PEF) for electricity represents the relationship between the amount 

of electricity used by consumers and the total primary energy required to produce that 

electricity. In recent years, the EU has integrated PEFs into its energy policy framework as 

part of its regulatory measures. (Buildings Performance Institute Europe, 2017). PEF can be 

used to explain the efficiency criteria benchmarks, and it thus influences whether electricity 

or fossil fuel-based technology is chosen for space and water heating (Esser & Sensfuss, 

2016). In the case of heat pumps, the primary factors for evaluating the potential primary 

energy savings of the technology are the PEF of electricity and the efficiency. (Buildings 

Performance Institute Europe, 2017; Esser and Sensfuss, 2016). The higher PEF value of 

electricity reduces the calculated energy savings of heat pumps when comparing to other 

fuels. On the other hand, in terms of saving electricity, a smaller PEF means a smaller 

theoretical share of the primary energy demand of the reduction targets. (Esser & Sensfuss, 

2016.) 

According to Motiva (Gynther, 2023) using calculation standard and statistical practices, the 

total PEF coefficients calculated from both historical data and projected development appear 

very different from the current E-value energy coefficients set in 2017 (i.e., the national 

weighting coefficients). The E-value for district cooling is currently 0.28, which is slightly 
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lower than the total national PEF that can be estimated for it (Gynther, 2023). This was 

estimated to be between 0.38 and 0.42 depending on calculation method. The total PEF of 

renewable energy is calculated to be one, but the E-value is 0.5. At present, the E-value for 

electricity of 1.2 is also significantly lower than the calculated total PEF, which was 

estimated to be between 1.89 and 2.10 in 2020 (Gynther, 2023). 

Alas, the only regulatory function in calculation is currently on the E-values, so although 

they do differ from current estimates of PEFs, the E-values will be used in this thesis. District 

cooling has a E-value of 0.28, and electricity has 1.2 (Motiva, 2024b). 

The CO2 factors used by IDA ICE for electricity, DC and DH are listed in Chapter 6.3. in 

Table 23. IDA ICE comprises the energy emission factor by multiplying the used total of 

non-renewable primary energy with the CO2 emission factor. This means, that the emission 

factor is applied after energy efficiency factor. 

For estimating cumulative CO2 emissions on the chosen 20-year period, the decline towards 

a zero-emission building is applied by calculating the annual reduction degree. To figure out 

which reduction degree seems appropriate amount, the history of CO2 reduction at residential 

heating is looked at (Figure 10). The Finnish residential sectors heating CO2 emissions have 

dropped from over 3 000 thousand tonnes of CO2 eq. to less than 500 thousand tonnes of 

CO2 eq. 
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Figure 10. GHG emissions in Finland by year in the residential heating sector (Statistics 

Finland, 2024a) 

Statistically this means an 84 % reduction in 32 years (the year 2023 did not present any 

data), and an average annual reduction of 5 %. Largest year-to-year reduction was 29 % 

during years 2021-2022, but there were some large reductions before that as well, like the 

2007-2008 reduction of 15 % and 2010-2011 reduction of 25 %. Statistically the last decade 

has been most reduction efficient. From this data, the reduction degrees of annual CO2 

emissions can be estimated to be reliable if under 8 %, which is the median of reduction. 

To further discuss the regional district heat emissions relevant to the Hämeenlinna region, 

in a network which is operated by Loimua, the CO2 emission factor should be looked at as 

well. For the case of Loimua’s rather low DH emission factor (34.8 g CO2/kWh) (Loimua, 

2023a; Loimua, 2023b), the company’s energy share was determined to be evaluated (Figure 

11.). 

 

Figure 11. Fuel share in Loimua's district heating generation. Green represents wood, light 

blue is peat, yellow represents natural gas, and dark blue represent oil (Loimua, 2023b.) 

According to the Fuel classification (Statistics Finland, 2024), wood fuels have a bio-origin 

CO2 emission factor of 112.0 t/TJ, or 31,1 g/kWh. Loimua’s reported emission factor can be 

determined to be very close to the realistic value of district heating generated from mostly 

wood being burned. 
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3.3. Centralized cooling systems 

Much like centralized heating systems, centralized cooling systems exist in a large-scale 

distribution network, which serves a larger group of clients. A good example of such a 

system is district cooling. In some cities in Finland, district heating companies offer district 

cooling alongside district heating. District cooling is available in Helsinki, Lahti, Pori, 

Tampere, Turku and Heinola (Motiva, 2020). The DH network in Hämeenlinna is under the 

ownership of Loimua, which has one cooling network in Ahvenisto. 

District cooling has the same principle as in district heating, except the direction of heat flow 

is opposite. The difference from district heating is that whereas district heating takes heat 

energy into buildings, district cooling takes it out of buildings, after which the heat can be 

transferred from the property to the district cooling network in heat exchangers (Kirssi, 

2009). The supply and number of clients have been on a steady rise since the yearly 2000s ( 

Figure 12) (Energiateollisuus, 2023). 

 

Figure 12. Supply and number of customers for DC in 2022 in Finland (Energiateollisuus, 

2023) 

Nearly 90% of district cooling energy is produced from otherwise unutilized energy sources 

(Energiateollisuus, 2023) (Figure 13). According to The Finnish Energy´s report on District 

cooling (Energiateollisuus, n.d.a) the same heat pumps often generate both heating and 

cooling energy simultaneously, cooling the water while warming the district heating water 
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in a single process. Additionally, district cooling can utilize ambient energy from outdoor 

sources whenever the temperature is sufficiently low. 

 

Figure 13. District cooling production in 2022 (Energiateollisuus, 2023) 

 

A typical District Cooling System (DCS) consists of a central chiller plant that generates 

chilled water for cooling, a distribution network that delivers the chilled water to buildings, 

and a consumer substation that interfaces with the buildings' air-conditioning circuits. 

(Motiva, 2015). District cooling pipes circulate cold water, which receives heat energy from 

the building, i.e., the reverse of district heating (Figure 14) 
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Figure 14. District cooling working principle within building, secondary side (Motiva, 

2015). 

The Finnish Energy association’s “District cooling of buildings: uniform quality 

requirements, recommendations and guidelines” -guide J1/2023 is used when designing 

district cooling (Energiateollisuus, 2023). The purpose of the guideline is to guarantee the 

high quality of the cooling energy purchased by customers through appropriate equipment 

and quality control. Uniform requirements for equipment functions and equipment are 

expected to reduce costs and improve system performance. 

According to the guidelines, the sizing and selection of district cooling equipment must 

consider the following requirements (Energiateollisuus, 2023):  

1. The building automation and control system should meet the requirements of MoE 

Law 733/2020, which is the law on the equipment of buildings with charging points 

and charging point facilities for electric vehicles and automation and control systems 

(MoE, 733/2020), and MoE Decree 718/2020 which discusses energy efficiency 

requirements for certain technical building systems (MoE, 718/2020). 

2. The control systems should be capable of adapting the energy supply so that the heat 

loads from solar radiation, people, lighting, etc. are kept under control on a site-

specific basis by cooling the building.  
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3. The operating temperatures of the flow circuits should be adjustable, and the return 

temperature is kept as high as possible during the cooling period. 

4. The equipment should operate smoothly under varying differential pressure 

conditions, and  

5. Optimization of energy and power demand should be possible. (Energiateollisuus, 

2023.) 

The principles for the location of the technical equipment room in a new building include 

the fact that the technical equipment room should be located in the building in such a way 

that the connection line from the district cooling network to the technical equipment room 

is as short as possible. The connections to the utility systems (district cooling, district 

heating, water, electricity, telecommunications, etc.) should be centralized in the building at 

the same location. This way, it is possible to place connection lines and cables in the same 

trench to save costs (while considering the required safety distances). In addition to this, the 

equipment under the management and control of the various parties can be located in 

premises with direct access from the outside. Finally, the location of the technical equipment 

room must take account of the noise emitted by the equipment, so that the permissible sound 

level in the residential apartments is not exceeded. (Energiateollisuus, 2023.) 

In apartment buildings where district cooling is used, the rooms are usually cooled by fan 

coil units, which are similar in function to the indoor unit of an air-source heat pump. District 

cooling is efficiently utilized in district heating plants, so there is no need to limit the use of 

district cooling from an environmental point of view (Energiateollisuus, n.d.a). However, 

district cooling is at a cost to the user, which should be borne in mind when using it. On the 

other hand, district cooling is ecological in the sense that its primary energy index is rather 

low (Motiva, 2023). 

 

3.1. Decentralized 

energy systems 

Decentralized energy supply systems are quite the opposite of centralized systems. Like their 

assigned descriptive name might give away, the energy systems work on more specific and 
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compact areas than centralized systems. Some centralized systems traditionally considered 

as such can also be decentralized, if their heat transfer area is considered small enough and 

the area which they serve is very localized. For example, some energy communities with 

district cooling that produce energy from a nearby lake to a smaller area.  

From heat pumps alone there are multiple different techniques and technologies to have a 

so-called decentralized heating system. These techniques include air-to-air heat pumps, air-

to-water heat pumps, water-to-water heat pumps, and ground heat pumps. 

Heat pumps for residential heating and cooling are classified according to Dinçer and 

Kanoglu, (2010) as follows:  

- Heating-only heat pumps 

- Heating and cooling heat pumps, often with a multipurpose reversing valve 

- Integrated heat pump systems 

Heat sources for heat pumps include air, water, and soil. The technical and economic 

performance of a heat pump is often linked to the attributes of the heat or cold source. The 

optimal source for buildings exhibits high and stable temperatures, ample availability, lack 

of corrosion or pollution, favourable thermophysical properties, and entails low investment 

and operational costs (Dinçer & Kanoglu, 2010). 

The chosen research point for this thesis is geothermal low enthalpy boreholes, which are 

quite a popular method for decentralized energy system in Finland (Statistics Finland, 

2022a). Ground source systems find application in both residential and commercial settings 

due to their efficient performance levels (Dinçer & Kanoglu, 2010). The heat from ground 

is extracted with pipes either laid horizontally or sunk vertically in the soil, of which this 

thesis focuses on the latter method of extraction. These are called boreholes. 

Geothermal low enthalpy heat can be used in regions with little to no groundwater around 

boreholes (Dinçer & Kanoglu, 2010). The ground creates a suitable heat source for GSHP 

systems in countries like Finland, where in ground temperatures right under the surface 

remain above 0 °C, and there are seasonal temperature fluctuations. For example, southern 

Finland has an annual average ground surface temperature of 6-5 °C (Kallio, Leppäharju, 

Martinkauppi & Nousiainen, 2011; Yli-Halla & Mokma, 1998) (Figure 15.).  
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Figure 15. Annual average ground surface temperatures in Finland (Leppäharju, 2008) 

In addition to Figure 15, the Energy efficiency: calculating the energy consumption and 

heating demand of a building -guide (fin. “Energiatehokkuus: Rakennuksen 

energiankulutuksen ja lämmitystehontarpeen laskenta”) gives instruction for estimating the 

average ground temperature (Ministry of Environment, 2017, p.20), if need be.  

Ground source heat pumps transfer energy from the ground to the building. Geothermal heat, 

or more specifically low enthalpy geothermal heat in Finland, is heat energy extracted from 

the ground or bedrock and transferred, for example through a borehole, to a geothermal heat 

pump, where it is transferred to the heating energy of the property (Dinçer & Kanoglu, 2010) 

(Figure 16).  
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Figure 16. Borehole configuration (not true to size) 

 

Heat is drawn from the soil, often by using a glycol solution circulating through tubing buried 

vertically in the ground. When employing a horizontal grid of tubing, several hundred square 

meters of surface area are required to heat a single-family building (Dinçer & Kanoglu, 

2010). For an apartment building complex, the area would need to be multiple times this 

estimate. Rarely is such space available, which is the reason why vertical boreholes are 

preferred. Table 4 shows the values for the annual amount of thermal energy from the ground 

(LVI 11-10332, 2002). 
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Table 4. Thermal energy from ground [kWh/m] (LVI 11-10332, 2002). 

Location Thermal energy [kWh/m] 

 Clay Sand 

Southern-Finland 50…60 30…40 

Central-Finland 40…45 15…20 

Northern-Finland 30…35 0…10 

 

A ground source heat pump compressor can also be used for active cooling when passive 

cooling is not sufficient and mechanical cooling is required (Motiva, 2020) (Figure 17). 

When cooling, it makes sense to use the heat extracted from the premises for heating 

domestic hot water, for example. Where heat cannot be stored, it is usually transferred to the 

outside air by means of separate fans. 

 

 

Figure 17. GSHP working principle. Adapted from Bolaji & Huan (2013) 

When a GSHP is used for cooling, the heating circuit of the unit is reversed, and the 

collection circuit is reversed by means of reversing valves (Dinçer & Kanoglu, 2010). This 

requires special expertise in the automation of the unit (Motiva, 2020). In active cooling, the 

cooling is distributed indoors in the same way as when using the cooling from boreholes 

(Figure 18). 
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Figure 18. GSHP cooling system working principle (Motiva, 2015) 

Depending on the connection, the thermal energy of the warm exhaust air is either transferred 

back to the borehole via a heat recovery pipe or heated on the return side of the same pipe, 

which improves the thermal coefficient and output of the geothermal heat pump (Motiva, 

2012). Cooling can be distributed through separate fan coils, chilled beams, floor ducting, 

roof radiators or mechanical ventilation ducts (Motiva, 2020; Dinçer & Kanoglu, 2010). 

Estimating GSHP power consumption and energy production is done after the buildings heat 

or cooling load is known (MoE, 2017). Calculating these is possible with the IDA ICE 

software or manually. The power consumption and energy production of GSHP can be 

manually calculated by following the calculation instructions by the Ministry of 

Environment of Finland in building regulation D5 (2012) or “Energy efficiency: Calculating 

the energy consumption and heating demand of a building” -instruction from Chapter 7.2. 

onwards (MoE, 2017). From these, the Equation 9. presents the amount of electrical energy 

the pump requires to work and to provide the wanted amount of heating or cooling to the 

building. Since in Finland the GSHP systems need to be designed according to heat demand, 

the designing of boreholes etc. will be done according to winter conditions. 

𝑊𝐻𝑃 =
𝑄𝐻𝑃,𝑠𝑝𝑎𝑐𝑒

𝑆𝑃𝐹𝑠𝑝𝑎𝑐𝑒
+

𝑄𝐻𝑃,𝐷𝐻𝑊

𝑆𝑃𝐹𝐷𝐻𝑊
+ 𝑊𝑎𝑑𝑑 (9) 
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Where 𝑊𝐻𝑃 is the electrical energy of the GSHP system [kWh/a], 𝑄𝐻𝑃,𝑠𝑝𝑎𝑐𝑒 is the amount 

of heat energy generated to space heating [kWh/a], 𝑆𝑃𝐹𝑠𝑝𝑎𝑐𝑒 is the seasonal performance 

factor of space heating for GSHP system [-], 𝑄𝐻𝑃,𝐷𝐻𝑊 is the amount of heat energy generated 

to heat domestic hot water [kWh/a], 𝑆𝑃𝐹𝐷𝐻𝑊 is the seasonal performance factor for domestic 

hot water heating by GSHP system, and 𝑊𝑎𝑑𝑑 is the electrical energy demand for 

supplementary space and domestic hot water heating [kWh].  

The investment costs of a geothermal heat pump consist of pump selection, borehole 

excavation, sizing and design, and installation. In addition, the investment cost may include 

the cost of dismantling the old system, which is excluded from the estimated investment cost 

in this thesis. The cost of the borehole is estimated according to the depth of the borehole 

calculated by the IDA ICE simulation software using Equation 10 The cost of drilling the 

well is estimated to be around 35-45 €/m (LVI Eilola, 2023). Table 5 lists the initial values 

used in the example calculation of a geothermal heat pump. The cost of drilling a geothermal 

heat pump is difficult to determine in advance, and in real cases the thermal efficiency of the 

wells is further determined by the Thermal Response Test (TRT). 

𝐿 =
𝑄𝑒𝑣𝑎𝑝𝑜

𝑃𝑏𝑜𝑟𝑒ℎ𝑜𝑙𝑒

(10) 

Where 𝐿 is the depth of the borehole in meters [m], 𝑄𝑒𝑣𝑎𝑝𝑜 is the capacity of the heat pumps 

evaporator unit in watts [W] and 𝑃𝑏𝑜𝑟𝑒ℎ𝑜𝑙𝑒 is the estimated power of the borehole [W/m].  

Table 5. Ground source heating and cooling field configuration 

Power form the well 30 W/m 
Estimated with IDA ICE-

simulation software 

Number of boreholes 10 Estimated with IDA ICE 

Depth of boreholes 200 m Estimated with IDA ICE 

 

In geothermal cooling, the ground solution circulating in a borehole drilled to provide 

geothermal energy is also used to cool the property. To use geothermal cooling, the building 

needs a circulating water pump to produce cooling energy and a fan coil unit and/or a cooling 

coil in the ventilation system to distribute the geothermal heat to the indoor air of the building 

in addition to the boreholes and pump system.  
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According to Gebwell (n.d) the option of heat exchanger or ducted radiator is preferable for 

new buildings, where ground cooling can be considered at the design stage, e.g., through 

adequate thermal insulation of the ventilation ducts. A fan coil unit (FCU) consists of a heat 

exchanger and a fan that circulates the room air through the coil (AHRI, 2019). 

Additionally, cooling can also be distributed through underfloor heating ducts in the form of 

'underfloor heating'. With floor heating, the whole house can be cooled evenly. If underfloor 

heating ducts are used for cooling, it is advisable to have separate circuits for rooms and 

damp areas. This allows the humid areas to be heated at the same time as the other areas are 

cooled. 

When discussing a building specific cooling system, there are some terms that can be 

confused to mean operationally different things, such as centralized cooling system. This 

differs from using FCUs in the cooling energy distribution within the building (Figure 19). 

 

Figure 19. Fan coil used for cooling. Not true to size. 

A centralised cooling system cools all or part of a building. In this system, cooling can be 

achieved either by direct or indirect cooling. In direct centralised cooling (DCC), the supply 

air is cooled centrally in a fan coil or supply air duct by a direct expansion radiator, to which 

cold is supplied by a compressor condenser (Oropeza-Perez & Østergaard, 2018). In an 

indirect centralised cooling system (ICC), a water chiller cools the liquid, which is circulated 

in the cooling coils of the supply air machines. (Khan et al., 2024) The former is the method 

chosen to be used in the case building. 
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The DCC system is less expensive than the ICC system and is used in applications with low 

cooling control requirements and cooling power requirements of less than 70 kW (Oropeza-

Perez & Østergaard, 2018) (Figure 20). The ICC system is more expensive and is used in 

applications with higher cooling power requirements and where precise cooling control is 

required (Heinonen & Sandberg, 2016, p. 243 - 244). 

 

Figure 20. DCC air handling system with cooling coil (IPI, 2017) 

According to GTK´s Maankamara, a map-based dataset (2024), the geothermal energy 

potential data gives out ground heat potential for Finland. From this map the area of 

Hämeenlinna can be investigated. Search results for potential geothermal locations are 

shown in Table 6. 
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Table 6. 300 m geoenergy potential in Hämeenlinna (GTK, 2024) 

Location Renewable power 300 m Renewable energy potential 

300 m 

City centre 6.8 kW 3.01 GWh 

Ahvenisto 6.7 kW 3.07 GWh 

North of HML centre 7.5 kW 2.87 to 3.58 GWh 

East of HML centre 6.6 kW 3.16 GWh 

South of HML centre 6.7 kW 2.96 GWh 

West of city centre 6.3 kW 3.09 GWh 

 

The values of Table 6. are visualized in Figure 21. to present how low enthalpy geothermal 

energy has been estimated to Hämeenlinna region according to GTK (2024). In comparison, 

the Figure 22. shows energy potential in whole of Finland (GTK, 2024). 

 

Figure 21. Up to 300 meters of ground heat potential in Hämeenlinna region (GTK, 2024). 

Darker hues of red indicate higher energy yield from ground. 
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Figure 22. Geothermal energy potential in Finland (GTK, 2024). Darker hues of red indicate 

higher heat yield from ground. 

From these maps, the low enthalpy geothermal energy can be located. These values are 

usually determined by a TRT measurement, which is done to a single borehole on a property 

to determine the heat transfer potential of the soil. Conducting a TRT measurement is in 

theory possible with IDA ICE but requires a Boreholes-extension. For this thesis, the 

assumed value in IDA ICE system of 30 watts per metre is used to determine the power 

requirement of borehole field. 

 

3.1. Limiting factors for 

the choice of a 

cooling system 

There are regional limiting factors for both systems under scrutiny. The limiting factors 

include geographical locations, lack of business ventures and capital and potential new and 

cheaper technologies in the future. These factors are discussed in the following chapters. 
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The first limiting factor for district cooling in the region in question is lack of infrastructure. 

Currently there is not much of a district cooling network in Hämeenlinna. The district 

cooling network in Hämeenlinna, which is owned by Loimua Oy, does claim to provide 

district cooling for the hospital “Assi”, which is provided via cooling network from 

Ahvenisto’s energy centre, although there is not much information about this available. 

Loimua also claims this cooling network could be potentially used for other cooling needs 

in the area (Tynjälä, 2022), but as of May 2024 there has not been any publicly announced 

plans. Regardless, the tool for investment cost calculations created for this thesis can be used 

to estimate future projects. 

For geothermal boreholes, there are some larger issues with environmental factors, such as 

the unsuitable geographical location of the buildings. This means locations on or too close 

to groundwater which are not suitable for boreholes are not allowed (Figure 23). 

 

 

Figure 23. Groundwater areas in Hämeenlinna region, marked in blue (GTK, 2024). 

In groundwater areas, a collection pipeline may require a permit from the Regional State 

Administrative Agency under the Water Act (Ministry of Justice, 587/2011). If a borehole 

is in a groundwater area, it is advised to contact the municipal environmental protection 

authority, which will decide whether a water management permit is required or request a 
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statement from the Centre for Economic Development, Transport, and the Environment (fin. 

Elinkeino-, liikenne ja ympäristökeskus, ELY) (ELY, 2024). If either of the two Water Act 

supervisory authorities consider that the project requires a permit under the Water Act, it 

must be applied for from the Regional State Administrative Agency. If the installation of a 

collection pipe requires larger areas of land, exemptions from the Nature Conservation Act 

or the protection of aquatic habitats may be necessary. (ELY, 2024.) 

If there is need for the collection pipeline to be located on/off the land of a neighbouring 

property with the consent of the neighbour, a property easement should be established. This 

agreement must be included in the application for a permit. While keeping this in mind, the 

consent of the owner of the water body is always required for the installation of a heat 

collection pipeline on another person's water body. (ELY, 2024.) 

From Figure 23 the Ahvenisto region of Hämeenlinna is not suitable for borehole drilling, 

but everything west of that is usable. The areas of Aulanko and Sairio (which is not named 

in the Figure 23 but resides very close to Aulanko) are suitabel for borehole drilling. The 

city centre is quite densely populated and apart from demolition and rebuilding apartment 

complexes, there is no reason to acquire GSHP systems. Another important factor regarding 

location is the ground type, which can affect drilling depth, power, and energy output of the 

well. The area of Ahvenisto is “hietamaata” or sandy soil, which has an assumed energy 

potential of 30-40 kWh/m (Table 4) (GTK, 2024). According to GTK (2024) Aulanko has 

predominantly sand moraine “hiekkamoreenia”, which has a similar estimated energy 

output.  
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4. Investment cost assessment 

Part of assessing cooling demand increase is to understand how it will affect the urban 

environment. And part of its effects on urban development is to recognize how building 

stock is expected to develop in the future. Figure 24 shows the amounts of completed 

building projects in Kanta-Häme region (Statistics Finland, 2024b), while Figure 25 shows 

building completion and issued permits in recent years (2020-2024) (Statistics Finland, 

2024b). 

 

Figure 24. Building stock development in Kanta-Häme region from 1995 to 2024 (Statistics 

Finland, 2024b) 
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Figure 25. Issued building permits and completed building projects in Kanta-Häme from 

2020 to 2024 (Statistics Finland, 2024b) 

In 2021 the global building sector saw an unprecedented 16 % increase in energy efficiency 

investments (IEA, 2022b). This was partly made possible by stimulus packages and 

investment cost subsidies, much like the energy subsidies in Finland from the Housing 

Finance and Development Centre of Finland (ARA). Previously, ARA has granted energy 

subsidies for renovation projects that improve the energy efficiency of residential buildings 

in the years 2020–2023 (ARA, 2021). As the ARA energy subsidies funding has ended as of 

2024, there is only the Business Finland energy aid, which as of February 2024 will have no 

effect on the calculations presented in this thesis. 

Another important factor in choosing energy systems is the amounts of carbon dioxide (CO2) 

and other greenhouse gasses (GHG) the systems are expected to release during their 

lifetimes. The current Finnish national climate and energy strategy outlies measures with 

which Finland will meet the EU’s climate commitments for 2035 (MoE, n.d.). These 

measures target to transition towards a carbon neutral and renewable energy system, by 

promoting renewable energy. (Ministry of Economic Affairs and Employment of Finland, 

2022.) The Intergovernmental Panel on Climate Change (IPCC) has made global scenarios 

on how to transform towards a fully or near fully renewable energy system (Figure 26) 

(Clarke et al., 2023), which show where primary energy supply is supposed to originate 

from.  
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Figure 26. Global energy use, scenario 2060 with IMP-REN-2.0 (Illustrative Mitigation 

Pathways with Renewable sensitivity), (Clarke et al., 2023) 

This change shows the trend of electrification since the final consumption in 2060 residential 

and commercial category is 154 EJ (of which 141 EJ is electricity and 5 EJ heat). Trend of 

electrification means, that energy usage is transitioning towards a more electricity intensive 

approach, while heat production and end use start to diminish. This differs from the 2019 

estimates (Clarke et al., 2023), where the same category had a final consumption estimation 

of 120 EJ for electricity and 6 EJ for heat. Increase in electricity usage has been deemed 

necessary for the transition away from fossil fuels (IRENA, 2022). 

4.1. Investing in cooling systems 

An investment is the sum of the funds invested in a project and the returns generated by the 

project. The investment is over a long period of time, the investment period. It entails a wide 

range of costs, and the term “investment costs” refers to all costs incurred before the 

investment is put into operation. These include the purchase of land, the purchase of 

buildings, machinery and equipment, training and consultancy associated with the 

introduction of the investment project, the costs of setting up any new organisations, the 
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interest during the construction of the investment project and the start-up costs of the project. 

In addition to investment costs there are the operating costs of the investment, which include 

production costs and maintenance and servicing costs over the lifetime of the investment. 

(Pulkkinen & Holopainen, 2006.) 

The return on an investment can be divided into investment income and any return at the end 

of the investment period, i.e., the residual value (Pulkkinen & Holopainen, 2006). Energy 

renovations to buildings do not aim at a residual value, but the actual returns include the cost 

savings from the investment. Often the assessment of returns is challenging, as there may be 

indirectly measurable returns in addition to the measurable ones. When investing into new 

buildings and their technology, the investment savings may not be realistic. This means that 

a more important method of evaluating investments to the building may be Life Cycle Costs 

(LCC). LCC considers the initial investment costs and operational costs for either a certain 

amount of years or the whole lifecycle. For the case building, operational costs for a 20-year 

period are looked at. 

The key factor affecting the profitability of an investment is the interest rate on the 

calculation base. The discount rate may be a borrowing rate, a rate calculated on the average 

cost of equity or debt, or a rate based on a target rate of return. In addition, the discount rate 

depends on whether inflation is considered in the calculations. If fixed price calculations are 

used, the costs and returns on the investment are calculated based on current prices. Inflation 

is not included in either costs or returns. The interest rate used for the calculation must be 

the real interest rate required for the investment, which often contains uncertainties. If 

nominal price calculations are used, costs and returns are estimated based on the forecast 

price level for each year, in which case the nominal rate of interest is used, including 

inflation. The use of this requires realistic and reliable inflation forecasts. (Pulkkinen & 

Holopainen, 2006.) 

The most common investment calculation methods (Pulkkinen & Holopainen, 2006): 

- present value method 

- the annuity method 

- the internal rate of return method 

- the shortest payback period method 
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- Return on investment (ROI) method 

The first three methods in the list are based on interest rate calculations. In these methods, 

the actual investment returns and the operating costs of the investment form a continuous 

cash flow. 

For example, if an investment is made in machinery or equipment, and the new investment 

is made immediately after the end of the life of the previous investment, the annuity method 

should be used for comparison. For lump-sum investments, such as construction projects, 

the present value method gives a more reliable result. If only equity is used for the 

investment, the internal rate of return method is the best. The internal rate of return shows 

the return on equity. (Pulkkinen & Holopainen, 2006.) 

Investments are forward-looking procedures, and looking into the future is uncertain, 

meaning investment calculations are almost always based on uncertain accounting data. 

Thus, projects are inherently risky (Pulkkinen & Holopainen, 2006; Neilimo & Uusi-Rauva 

2017, p.224). However, investment uncertainty is more related to cash flows, i.e., their size 

and timing, than to the return on capital requirement. This uncertainty related to cash flows 

can be captured by sensitivity analysis. The uncertainty inherent in the calculations can be 

eliminated either by trying to identify the risks associated with the project and their 

probabilities or by making alternative calculations (the latter is more common in practice). 

(Pulkkinen & Holopainen, 2006.) 

Sensitivity analysis involves changing one of the starting values of the calculation and 

examining the impact of the change on the return on investment (Ikäheimo, Malmi & 

Walden, 2019, p.188-189). Sensitivity analysis for different investment components 

highlights the components whose estimation error has the greatest impact on the feasibility 

of the investment choice. The reverse is also true. This allows for identifying and focusing 

on the most relevant components for the outcome (Neilimo & Uusi-Rauva 2017, p.224).  

Investment accounting uses the net present value (NPV) method to calculate the true value 

of an investment, the effective rate of return (IRR) to estimate the profitability of the 

investment, and the payback periods for each investment. (Pulkkinen & Holopainen, 2006.)  

To estimate investment value, the NPV method is used (Equation 11). 
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𝑁𝑃𝑉 = ∑
𝐶𝑛

(1 + 𝑟)𝑛

𝑁

𝑛=1

(11) 

Where 𝑁 is the total number of time periods, 𝑛 is the time period, 𝐶𝑛 is the net cash flow at 

time period and 𝑟 is the internal rate of return. 

For the case building’s sensitivity analysis different interest rates and energy cost 

development rates are looked at (Table 7). The values for different rates are determined from 

statistical data related to energy price fluctuations (Figure 27 and Figure 28). 

 

Figure 27. District heat energy price, apartment building €/MWh (Statistics Finland, 2024d) 

For district heat, energy price has grown by 36 % in 12 years. Average annual energy price 

growth has been 4 %. Based on this, everything under 4 % as annual energy price 

development is usable. Determining the energy development for future can be difficult, since 

wars, energy crises, etc. all have the potential to affect the prices. After large fluctuations, 

which are tied to these crises, the following price drop can cause the energy price to develop 

in the opposite direction as well. Hence, although the large 13 % growth between 2022 and 

2023 is real, there is not enough data to showcase that the energy price development is 

accelerating. 
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Figure 28. Electricity price by type [c/kWh] (Statistics Finland, 2024e) 

The total electricity price growth has been 39 % in 15 years, with an average annual growth 

of 4 %. The energy crisis has affected the growth data significantly, since for almost a decade 

(from 2011 to 2020) the electricity price stayed very constant, with slight yearly differences. 

From 2022 onwards the price has grown drastically, which makes the annual growth 

estimating difficult. Hence, the circled data points in Figure 28 have been evaluated as being 

the “normal” growth. Their difference is around 13 %, whereas from the lowest point 

between the years 2022 to 2023 to the highest point the growth was 82 %. 

Table 7.  Energy price development (Statistics Finland, 2024d; Statistics Finland, 2024e) 

 DH Electricity 

Total growth (from first 

recorded value) 
36 % 39 % 

Annual average growth 4 % 4 % 

Annual median growth 3 % 2 % 

 

The energy price development for DH is used for DC as well since IDA ICE software 

assumes the two to be valued the same. For electricity the higher determined value of 

“normal” energy price is used, which is around 15 c/kWh, to which the energy development 

is added annually. Price does not include transmission. 
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4.2. Investment costs 

The investment costs of each system are determined after the IDA ICE simulation is done 

since the yearly simulation will show the cooling power required for the system to cool the 

case building sufficiently. Investment costs related to DC connection are a cooling centre, 

connection fee, and energy fee. This is because DC can be considered Cooling as a Service, 

or CaaS, which is operationally free, apart from the cost of energy (Martínez-Ruiz, Manotas-

Duque & Ramírez-Malule, 2023).  

In the beginning, only additional costs from cooling systems are taken into consideration 

and investment costs for required heating solutions are not included in investment 

calculations. This is considered Scenario 1. In Scenario 2, the heating system costs are taken 

into consideration as well. 

Due to this thesis being meant for studying the feasibility of each cooling energy supply 

method, and their differences (from the point of view of investment costs and cumulative 

energy cost), technology and the investment costs of such technology which is similar to 

both systems is ignored in the cost comparison of cooling systems. This includes components 

like the AHU cooling coil, water circulating pump, piping, and expansion basin for both 

systems.  
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5. Methodology 

Methodology goes through information used in IDA ICE simulations with different climate 

models for the building in Jokioinen RCP45 during the reference years 2020, 2030, 2050 

and 2080. The RCPs are run with IDA ICE simulation software, to see, how different climate 

models with different pathways give out data on the case building. After these simulation 

runs, the system values and cost are estimated to find out which system is least economically 

and environmentally costly for building owners. These calculations will include usage of 

CO2 coefficients and E-value factors, and investment and operational costs for each system, 

to determine the most attractive cooling option for example building. 

IDA ICE is a dynamic simulation tool that models buildings, their systems, and controllers. 

With IDA ICE, the weather and climate predictions can be simulated rather accurately, and 

the impacts from cooling demand rise can be gathered into a comprehensive report. The 

software shows how energy acts within the building, and if there is any overheating to the 

buildings or their zones. With IDA ICE, most of the systems and their control values can be 

set according to need or to be realistic. This accurate simulation method can help building 

designers and renovators to evaluate the need for active or passive cooling methods during 

cooling seasons, among other uses of the software. The cooling systems from IDA ICE are 

set on top of heating system like district heating and GSHP. 

 

5.1. Case building 

The case building used in this thesis is a new apartment complex located in Hämeenlinna 

region in a space that is comfortable for both geothermal boreholes to be drilled in and within 

reach of Loimua’s district heating network. Such areas include west of Ahvenisto, and 

Sairio, which is north-east of Hämeenlinna city centre. These areas do not have implications 

of groundwater interference according to GTK (2024) and are within reach of current district 

heating or cooling networks. Reachability of DH/DC networks was determined by searching 
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local area for houses being sold and determining their heating solutions listed in sale notices. 

A more accurate location for optimal DH/DC could be attained by requesting the local DH 

network owner of a survey of the heat and gas pipelines in the region. For this thesis, a more 

accurate location is not necessarily required due to the nature of the study. 

The case building (Figure 29.) is a five-storey, rather small apartment complex, with four 

levels of housing and one ground level for storage and technical rooms (Figure 30.). For 

simplicity, the apartments are set to be studio apartments with water borne radiators and 

bathrooms with electric floor heating. The building has 16 spacious apartments, which are 

set as separate zones with their own heating and cooling. In addition to these, there are 

walkways on each floor. 

 

Figure 29. Model building in IDA ICE 
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Figure 30. Examples of apartment zones and (left) and base floor (right) 

The building structures, window and door types, etc. other important knowledge on building 

orientation is shown in Table 8, which also includes the setpoint values for heating and 

cooling of the apartment complex. These are also included the systems for all scenarios of 

simulation, e.g., DC and GSHP, respectively. Cooling demand limit in Finnish residential 

buildings has been determined to be 27 ºC (Motiva, 2024c; Motiva, 2024d). 

Table 8. Setpoint values of case building 

 Component U-value [W/(m2*K] Thickness [m] 

Building structure Doors 1 - 

 Windows 2.0 0.06 

 External walls 0.17 0.47 

 Internal walls 2.11 0.10 

 Roof 0.01 0.66 

 Slab towards ground 0.18 0.43 

    

 GSHP DC source 

Heat distribution 

system 

Water radiators Water radiators IDA ICE / MoE, 

1010/2017 

Cooling system AHU cooling coil AHU cooling coil IDA ICE 

Heating power 61.6 kW (Thermia 

MegaM, Figure 32.) 

76 kW IDA ICE 
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Cooling power 20 kW 20 kW IDA ICE 

Heating setpoint 

value 

21 °C 21 °C IDA ICE / MoE, 

1010/2017 

Cooling setpoint 27 °C 27 °C IDA ICE / MoE, 

1010/2017 

 

To satisfy the requirement for passive cooling in buildings (MoE, 2012; MoE, 2017), the 

building has integrated shading in windows in the form of blinds (Figure 31.) and the 

windows are openable for cooling purposes. 

 

Figure 31. Blinds between windows for cooling purposes (IDA ICE, 2024) 

GSHP system has a chosen Thermia MegaM heat pump, with a rated power of 44 kW (Figure 

32.). For the simulations the heat pump was modified to support the needed 61.6 kW of 

power by adding 40 % more power to the system. The highest heat demands are expected to 

be handled by the top-up heater, which was set to an electricity boiler. This simply means, 

that the building is using grid electricity if need be. Since free cooling from ground is not 

sufficient to upkeep the cooling demand of the building, it is assumed that the inverted 

Thermia MegaM pump can be used for cooling as well (Figure 33.). 
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Figure 32. Thermia MegaM 44.4 kW heat pump system chosen for case building (Thermia, 

2020) 

GSHP and DC systems in case building are shown in Figure 33 and Figure 34. These plants 

are made by IDA ICE software, and only the set values for heating and cooling are changed. 

These building energy systems can be designed in IDA ICE manually, but for this thesis the 

ready-made boilers were used, so that the simulations would be easy to re-model. 
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Figure 33. GSHP energy plant with boreholes, base heating, cooling, and top up heating in 

case building (IDA ICE, 2024) 
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Figure 34. District heating and cooling system in case building (IDA ICE, 2024) 

The location of this case building was set to Jokioinen. The RCPs and reference year for 

climate and weather files were set according to location. With these values and parameters, 

the heating and cooling demands could be simulated. Based on the power demand of heating 

and cooling, the power for heating was adjusted. For GSHP, the heat pump was designed to 

cover around 80 % of all total heat demand with a top up heater ran by electricity to handle 

the highest heat demand peaks. The chosen cooling system within building is a central 

ventilation system (AHU) with a cooling coil. Other methods considered for cooling were 

using FCUs. 

 

5.2. RCP scenarios 

RCPs chosen for simulations are RCP 4.5 and RCP 8.5. RCP 4.5 is a so-called middle 

pathway, with some policy weight and measures for curbing emissions, while RCP 8.5 is 

pathway with no emission curbing. Altogether, over 180 simulations were conducted to find 

out possible cooling solutions, which make most sense for the case building. The resulted 

test simulations amounted to 14 different simulation scenarios according to systems and RCP 

scenario, which are listed in Table 9. 

Table 9. Scenarios chosen for simulation 

Scenario 
GSHP DC 

27 °C limit 27 °C limit 

TRY 2020 Jokioinen 
Cooling with AHU 

cooling coil. Installed 

venetian blinds 

between 3-pane 

windows for passive 

cooling. 

Cooling with AHU 

cooling coil. Installed 

venetian blinds 

between 3-pane 

windows for passive 

cooling. 

RCP 4.5 2030 

RCP 4.5 2050 

RCP 4.5 2080 

RCP 8.5 2030 

RCP 8.5 2050 

RCP 8.5 2080 
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With these simulations, the results can be analysed and discussed. It is important to note, 

that these scenarios are estimations and projections (RCPs) of possible future weather, and 

not actual predictions. If policy measures and carbon capture is efficient, these RCPs are 

most likely too hot. If none of the policy measures work for emission reduction, the RCP 8.5 

is the most likely scenario (when using reference year 2020 as baseline). 
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6. Result analysis 

This chapter goes through the results of IDA ICE simulations. The program uses coded 

versions of Equations 3, 4, 5, 6, 7 and 8 to simulate building cooling demand dynamically. 

These equations have variable parameters according to the level of internal gains that should 

be applied, climate data, and applied cooling load scenario. Table 10 shows the result of heat 

demand, cooling demand, overheating study, and energy balance runs of the case building. 

Table 10. Results for heat load, cooling load, overheating CDHs and used energy in the case 

building 

 GSHP DC + DH 

max. cooling load [kW] 17.33 17.33 

max heat load [kW] 76.04 76.04 

CDH in overheating [°Ch] 0 0 

Cooling [kWh] 4 969 5 116 

Heating [kWh] 195 817 195 980 

 

Figure 35 and Figure 36 show the difference in buildings indoor climate CDHs. Without any 

cooling solution in the building, active or passive, the degree hours with a 27 °C limit is 

4887 °Ch from all zones calculated together, with an average maximum temperature across 

zones of 28.4 °C. With only the active cooling solutions in use, the degree hours drop to 23.6 

°Ch and average maximum temperature is 26.3 °C. This means, that the cooling system is 

working with the allocated power amount. 
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Figure 35. Cooling degree hours when the building has no cooling system in reference year 

2020 (IDA ICE, 2024) 

Figure 36. shows cooling degree hours when there is no cooling system and the simulation 

is done to RCP 8.5 2080. The limit in Building code (MoE, 1048/2017) for degree hours is 

150 per zone. All of the refence scenarios exceed this limit without any cooling systems in 

place. 

 

Figure 36. Cooling degree hours with RCP 8.5 2080 scenario, when there is no cooling 

system available (IDA ICE, 2024) 
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With passive cooling solutions, the problem of overheating in reference year 2020 is solved 

nearly fully (Figure 37.). Figure 38. shows the CDH to go over the limit of required 150-

degree hours by a lot. This is the scenario, where the cooling setpoint is 24 °C. Every 

simulation with degree limit of 24 °C has too many CDH to be considered in regulation. 

 

Figure 37. Cooling degree hours in case building in reference year 2020, with passive 

cooling only 

 

Figure 38. RCP 4.5 in reference year 2030 with an increased cooling power of 25 kW district 

cooling. The cooling degree hours when setpoint limit for cooling is 24 °C. 
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Figure 39 and Figure 40 show the building’s water-based heating and cooling power with 

different heating systems. Both systems are cooling at similar rates. Regarding the water-

based systems, the water radiator units in zones have role in only heating the building zones. 

AHU cooling coil is the main unit pushing cooled air to the zones; hence, the water-based 

cooling system is regarded as zero. 

 

Figure 39. Heating and cooling energy with DC simulation in reference year 2030 with RCP 

4.5 
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Figure 40. Heating and cooling energy to building with GSHP system in reference year 2030 

with RCP 2030 (IDA ICE, 2024) 

These results show the system operating at levels required for the reference year 2020, and 

as the simulated thermal dissatisfaction of the case building is less than 10 %, it can be 

assumed that the energy systems are working at satisfactory level. Next, the cooling demands 

and other energies in the systems are looked at. 

 

6.1. Cooling demand 

Cooling energy used by the AHU cooling coil in case building with 27 °C cooling setpoint 

is shown in Table 11. The GSHP system goes seemingly through less primary energy for 

cooling alone, due to ground cooling being under a different cooling meter and considered 

as free energy. The GSHP has a higher primary energy factor due to the use of electricity 

(1.2) compared to district heating and cooling (0.5 & 0.28). 
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Table 11. Annually delivered cooling energy used by AHU with all simulated scenarios 

 GSHP DC 

 AHU cooling coil 

[kWh/a] 

Ground cool 

[kWh] 

District cooling [kWh/a] 

TRY2020 4 969 1 298 5 115 

RCP45 2030 6 460 1 762 6 856 

RCP45 2050 7 409 2 112 8 039 

RCP45 2080 8 450 2 423 9 464 

RCP85 2030 6 403 1 704 6 780 

RCP85 2050 8 566 25 52 9 492 

RCP85 2080 13 171 4 343 15 457 

 

Additionally, the GSHP system uses different values of COP in electricity usage and EERs 

for cooling. The set EER for cooling and heating is 3 (Equation 6). This is close to the EER 

value of 3.5 from MoE calculation guide for cooling capacity (MoE, 2017). For district 

cooling the 𝜀𝑄 is 1 (Equation 6) (MoE, 2017). 

Overall, the building’s comfort reference gave out 0 % percentage of hour when operative 

temperature was above 27 °C in worst zone, 0 % percentage of hours when operative 

temperature was above 27 °C in average zone, and 6 % percentage of total occupant hours 

with thermal dissatisfaction. 

 

6.1.1. GSHP in case building 

Table 12 has the results for GSHP system delivered energies to system and estimated CO2 

emissions for the whole case building. IDA ICE does not separate emissions based on source, 

which is why the AHU cooling emissions are estimated by shared of used electrical energy 

(Equation 12). CDH and unmet cooling hours are excluded from the list since they are zero 

in all scenarios. 

𝐴𝐻𝑈 𝐶𝑂2 =
𝐴𝐻𝑈𝑐

𝐸𝑡𝑜𝑡
∗ 𝐶𝑂2𝑡𝑜𝑡

(13) 
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Where, 𝐴𝐻𝑈 𝐶𝑂2 is the amount of CO2 emissions from AHU cooling [kg], 𝐴𝐻𝑈𝑐 is the 

AHU cooling electricity usage [kWh], 𝐸𝑡𝑜𝑡 is the total electricity used in the building [kWh], 

and 𝐶𝑂2𝑡𝑜𝑡
 is the total CO2 emissions from the whole building’s electricity usage [kg]. 

Table 12. Yearly output values from GSHP system in case building (IDA ICE, 2024) 

 
AHU for 

cooling 

[kWh] 

Overall 

electricity 

[kWh] 

Ground 

cool 

[kWh] 

Ground 

heat 

[kWh] 

Average 

indoor max. 

Temperature 

[°C] 

CO2 

emissions 

[kg] 

AHU 

emissio

ns [kg] 

Cost 

[€/a] 

Reference year 4969.2 135528.7 1298 110029 25.3 20736.9 760 13552.9 

RCP45 2030 6459.6 130868.5 1761.9 105628 25.6 20023.3 988 13086.9 

RCP45 2050 7409.2 128117.2 2112.4 103030 25.8 19601.8 1134 12811.7 

RCP45 2080 8450.3 126876.5 2422.8 102910 25.1 19412.9 1293 12687.6 

RCP85 2030 6402.8 132973 1704.1 108623 24.8 20345.3 980 13297.3 

RCP85 2050 8566.1 127941.2 2551.6 104278 25.1 19574.2 1311 12794.1 

RCP85 2080 13170.6 120490.2 4342.9 97645 25.5 18434.8 2015 12049 

 

Ground cooling (Figure 41) is the amount of free energy from boreholes which can used in 

the system with the Thermia MegaM pump. The total cooling energy within the building 

zones (Figure 42) includes electrical energy for the use of pump to generate cool for the 

AHU cooling coil and the free ground energy that is not generated by compressor. 

 

Figure 41. Yearly ground cooling values [kWh] from simulated case building according to 

reference years 
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Figure 42. Cooling energy to system via AHU cooling and free ground cooling [kWh/a] 

Ground heat used in the case building (Figure 43) varies significantly across the reference 

and test years. In principle, the more CO2 emissions recorded, the warmer the climate is, 

meaning there is less heating required to upkeep the heating limit of 21 °C. RCP 8.5 in the 

year 2080 has the least of heating required, and opposingly, the most cooling energy used 

(Figure 42). 

 

Figure 43. Yearly ground heating values [kWh] from simulated case building according to 

reference years  

The maximum indoor zone temperatures had some interesting results as well. The result 

variation is rather small, which makes the assessment of results difficult. It would seem, that 

the more there is to cool in the systems, the higher the average maximum temperature in the 

zones is. Reference year of 2020 and RCP 4.5 2030 are similar due to the outside 

temperatures being quite similar in the climate and weather files. While inspecting scenario 

RCP 4.5 in the year 2080, the value for temperature seems to dip. This can be the result of 
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assumed temperature cooling due to emission reduction, which was the case for end values 

of the RCP 4.5. scenario. 

The annual CO2 emissions lower according to less heating energy used in the scenarios 

(Figure 44), which is to be expected. The CO2 emissions factor used in the IDA ICE program 

is 127.5 kg CO2/kWh. In Chapter 6.3. the emissions sensitivity analysis is made for 

electricity. The AHU cooling emissions (Figure 45) is an extension of the annual emission 

study and simply visualized from the Table 12. 

 

Figure 44. Annual CO2 emissions with GSHP from simulated case building according to 

reference years  

 

Figure 45. AHU cooling CO2 emission share [kg] 

The AHU cooling CO2 emissions and amount of cooling energy to the systems showcase the 

transition towards a more cooling energy intensive future. From these values, the energy 
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costs can be comprised to evaluate the feasibility compared to a DC system. In the next 

chapter, the same values are evaluated, but for DC the system. 

6.1.2. DC in case building 

Table 13 has the results for delivered energies by the DC system to the case building, in 

addition with the presumed costs and emissions of each simulation. 

Table 13. Yearly output values from DC system in case building 

 
District 

cooling 

[kWh] 

DC 

cost 

[€] 

District 

heating 

[kWh] 

DH cost, 

[€] 

AHU 

cooling 

[kWh] 

Average 

indoor max. 

Temperature 

[°C] 

DC CO2 

emission 

[kg] 

DH CO2 

emission 

[kg] 

Reference 

year 

5114.7 358 202040.6 14142.8 5115.5 25 214.8 29700 

RCP45 

2030 

6856.3 479.9 192669.8 13486.9 6857 26 288 28321 

RCP45 

2050 

8038.7 562.7 187127.3 13098.9 8039 26 337.6 27508 

RCP45 

2080 

9463.6 662.5 181301.7 12691.1 9464.3 26 397.5 26652 

RCP85 

2030 

6780.1 474.6 197920.4 13854.4 6780.7 25 284.8 29095 

RCP85 

2050 

9491.8 664.4 187101 13097.1 9492.6 25 398.7 27503 

RCP85 

2080 

15456.6 1082 172329.8 12063.1 15457.1 26 649.2 25332 

 

Emissions from district heating and cooling seem quite high, but they do coincide with 

current estimates. A more in-depth analysis of emission factors can be found in Chapter 6.3. 

All future scenarios expect the cooling energy to rise (Figure 46), however, as the emissions 

are more largely tied to the district heating emission factor, which has a larger share of 

energy end-usage reduction (Figure 47), most likely overall emissions from energy usage 

are expected to decrease some.  
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Figure 46. Yearly district cooling values [kWh] from simulated case building according to 

reference years  

 

Figure 47. Yearly district heating values [kWh] from simulated case building according to 

reference years 

 



80 
 

Figure 48. Annual CO2 emissions with DC from simulated case building according to 

reference years 

The CO2 emissions from DC system are estimations according to IDA ICE and are expected 

to not reduce when reference years change. This means, that the cumulative emissions from 

these datasets are not applicable for cumulative emissions examination, and they need a 

method to reduce emission towards zero, which will be done in Chapter 6.3. 

 

6.1.3. System output comparison 

Most notable differences between energy systems are emissions (Figure 49) and how free 

energy (ground source) separates energy usage when the cooling period is longer (Figure 

50). Although the DC system has lower emissions due to lower energy efficiency factor and 

emission factor, respectively, the DH systems emissions bring the total emissions for the 

system to be highest for each scenario. 

 

Figure 49. Annual CO2 emission comparison between GSHP and DC + DH systems from 

simulated case building according to reference years 
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Figure 50. Annual AHU cooling energy with GSHP and DC systems [kWh/a] 

The annual cooling energy is lower for GSHP system, even though the energy need for both 

cases is similar. However, the GSHP cooling utilized free cooling from ground, which brings 

the annual cooling for GSHP system lower than the DC system. 

 

6.2. Life Cycle Costs 

The pricing in the region of Hämeenlinna and on Loimua’s district cooling network is not 

readily available, which means estimates from other cities and companies need to be used 

here. In addition to the connection fee, a so-called district cooling package needs to be 

installed to the case building. This is the secondary side for district cooling, and it is a part 

of the building’s technical room. 

With GSHP cooling, the initial investment costs are somewhat smaller, although they do 

include the same cooling coil, expansion basin and circulating water pump. The circulation 

pump for water can cost up to 5 000 €. This means, that the initial costs for both systems are 

very similar, the only difference comes from DC connection fee, which is highly specific for 

networks. Because DC will have to include the heat exchanger system, it is assumed that 

GSHP cooling system will also include the pump used for cooling the case building. 

GSHP investment price consists of borehole drilling, installation costs and the pump. For 

Thermia MegaM sized pump, the estimated price for a system of 60 kW is around 30 000 € 
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(Thermia, 2020., Nibe, n.d.). Borehole drilling costs vary between 35-45 € per meter drilled 

(LVI Eilola, 2023), which in the case building comes out as: 

𝐷𝑟𝑖𝑙𝑙𝑖𝑛𝑔 𝑐𝑜𝑠𝑡(𝑙𝑜𝑤) = 35
€

𝑚
∗ (10 ∗ 200𝑚) = 70 000€ 

Or with the higher value of 45 €/m: 

𝐷𝑟𝑖𝑙𝑙𝑖𝑛𝑔 𝑐𝑜𝑠𝑡(ℎ𝑖𝑔ℎ) = 45
€

𝑚
∗ (10 ∗ 200𝑚) = 90 000€ 

In addition to these, the installation costs for Thermia MegaM heat pump are estimated 

between 15 000 – 30 000 € (Thermia, n.d.). Together the lower price is: 

𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡𝑠(𝑙𝑜𝑤) = 30 000€ + 70 000€ + 15 000€ = 115 000€ 

And the higher is: 

𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡𝑠(ℎ𝑖𝑔ℎ) = 30 000€ + 90 000€ + 30 000€ = 150 000€ 

With these estimates, the initial investment of GSHP system for the case building varies 

between 115 000 € and 150 000 €. 

According to Helen, the price of range of DC for a typical apartment building (e.g., 40 

apartments) includes the contract fee (connection fee), which is about 80 000 €, and the 

annual fee of about 5 000 €.  The smallest connection, regardless of the capacity, is in the 

price range of about 30 000-40 000 € (contract fee) and 3 000 – 4 000 € annually. (Helen, 

2024.) With Pori Energia (2024) the estimated connection fee is around 250 €/kW (without 

VAT), which would come out as 5 000 – 6 250 €, which is much less than the compared 

Helen price. However, the Helen’s price can be estimated more accurately, which is why it 

was chosen for the case building. 

The Helen’s price is influenced by three main components: 

1. contract power  

2. segment (i.e. usage profile, in this case apartment building)  

3. pipe meters from the existing nearest trunk (plot line/basement line).  

Additionally, there are the purchase and delivery limits for district cooling, which typically 

end at the energy meter. The customer is responsible for the technical facilities, penetrations, 



83 
 

heat distribution, the entire secondary side of the cooling system, etc. Prices for district 

cooling heat exchangers are best obtained from the equipment suppliers, with a price range 

roughly around 15 000 € and upwards. (Helen, 2024.) 

The pipe meters from nearest trunk are unknown, and the building is rather small in 

comparison to Helen´s (2024) price of 40 apartments with an 80 000 € contract fee. Thus, 

the chosen smallest contract price of 30 000 € is chosen, with the energy price to be 

determined according to energy usage from IDA ICE simulation. To this, the heat exchanger 

of 15 000 € is added to the price. 

District heating costs for Loimua’s district heating network was calculated with the cost 

calculator present at Loimua’s website (Loimua, 2024). From the calculator an estimated 

29 000 € annual costs was determined for a system functional in case building. This yearly 

cost includes energy, power and basic fees associated with district heating energy. Cross 

referencing this value with values from IDA ICE (14 143 €/a of only energy cost), the value 

seems realistic. 

Loimua´s connection fee for an apartment building with VAT begins at 12 400 € (Loimua, 

2023c), while Helen´s connection fee for district heating connection products is calculated 

as follows in Equation 12. (Helen, 2022), and gives out a slightly more accurate information.  

𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑒𝑒 (€) = 𝐵 + (q ∗  q, v) + (L ∗ C ) (12) 

Where 𝐵 is the basic fee [€], 𝑞 is the contracted water flow [m3/h], 𝑞, 𝑣 is the water flow fee 

[€/(m3/h)], 𝐿 is the length of connection pipe, and 𝐶 is the cable fee [€/m]. 

While the basic fee is 7 774.80 €, contracted water flow is 0.0416 liters per second for 

domestic hot water (DHW) (3.6 m3/h), water flow fee being 3 069 €/(m3/h), and estimated 

piping costs being 200 meters times 104.16 €/m (all prices inc. VAT), the connection fee is 

estimated to be: 

𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑒𝑒 (€) =  7 774.8€ + (3.6
𝑚3

ℎ
∗ 3 069

€

𝑚3
ℎ

) + (200𝑚 ∗ 104.16
€

𝑚
)

= 39 655,2 € 
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It is assumed that all the initial investment cost will be loaned with a 2 % interest rate. Table 

14 and Table 15 show the scenarios of investment, and of which costs the initial investment 

will be compiled from and what the running costs of the investment will be.  

Table 14. Investment cost configuration for Scenario 1. 

Technology District cooling Ground cooling 

Investment costs 45 000 € 30 000 € 

Interest rate 2 % 2 % 

Payback period 20 years 20 years 

Annual energy cost See Chapter 6.2, Table 17. See Chapter 6.2, Table 16. 

Energy price development Expected annual growth 2 

% 

Expected annual growth 2 

% 

 

Table 15. Costs related to Scenario 2 

Technology District heating & cooling Ground source heating & 

cooling 

Investment costs 84 655 € 115 000 – 150 000 € 

Interest rate 2 % 2 % 

Payback period 20 years 20 years 

Annual energy cost  See Chapter 6.2., Table 17. See Chapter 6.2., Table 16. 

Energy price development Expected annual growth 2 

% 

Expected annual growth 2 

% 

 

In addition to these scenarios, the energy price development was assessed based on values 

determined in Chapter 4.1. The results of sensitivity analysis are shown next. 

Life Cycle Cost (LCC) is a method for evaluating relevant costs over time of a project or 

product with consideration to investment and operational costs. Investment costs were 

calculated for systems in reference year 2020 with transformation to reference year RCP 45 

2030. This way, the energy end usage prediction can be made more accurate. Table 16 and 

Table 17 show the cumulative lifetime costs of each cooling choice. In year 2020, in the 

GSHP system the AHU cooling coil (electrical) energy used in case building was 4 969 kWh, 
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which, according to IDA ICE, cost 745 € annually (electrical energy price 0.15 €/kWh in 

IDA ICE standard pricing). In RCP 4.5 2030 scenario the energy amount was about 6460 

kWh/a which cost 969 € annually with the same pricing. To have a realistic energy price for 

electricity, in the 2030 scenario, the energy price change starts where it left of in the reference 

year 2020 scenario (0.183 €/kWh) after an estimated 2 % annual rise in energy prices. Table 

16 shows the electricity price development according to 2 % annual increase in price with 

comparison to cooling energy price estimated for each year by IDA ICE. 

Table 16. Electricity price development 

 Price of electricity [€/kWh] Cooling total price [€/a] 
Cooling cost in 

IDA ICE [€/a] 

Reference year 2020 0.15 745 745 

RCP45 2030 0.183 1182 969 

RCP45 2050 0.272 2015 1111 

RCP45 2080 0.492 4158 1268 

RCP85 2030 0.183 1172 960 

RCP85 2050 0.272 2330 1285 

RCP85 2080 0.492 6480 1976 

 

Similar study for DC was made, with a 2 % annual rise on energy price, with values 

presented in Table 17., in which the IDA ICE price for DC energy is listed for comparison.  

Table 17. DC price development 

 Price of DC [€/kWh] Cooling price [€/a] 
DC cost in IDA ICE 

[€/a] 

Reference year 2020 0.07 358 358 

RCP45 2030 0.085 583 480 

RCP45 2050 0.127 1021 563 

RCP45 2080 0.23 2177 663 

RCP85 2030 0.085 576 475 

RCP85 2050 0.127 1205 664 

RCP85 2080 0.23 3555 1082 

 

Starting price for DC energy in IDA ICE is 0.07 €/kWh, and in reference year 2030 it was 

0.23 €/kWh after applying the 2 % annual rise to price. For cumulative costs of each system, 

the previously mentioned investment costs and scenarios, and their results will be shown in 

(Appendix 2.), respectively. Result summary for Scenario 1 is shown in Table 18 and result 

summary for Scenario 2. is shown in Table 19. 
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Table 18. Scenario 1. costs in a 20-year period for cooling systems only 

Costs, 20-year period GSHP DC 

Loan costs [€] 36 300 54 450 

Cumulative energy 

costs [€] 

23 141 11 115 

Total costs [€] 59 441 65 565 

 

Figure 51. & Figure 52. visualize the results from Table 18. In Figure 52. the Scenario 1. 

cash flow develops nearly identical. 

 

Figure 51. Scenario 1. cumulative cash flow in a 20-year period 
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Figure 52. LCC over a 20-year period [€] in Scenario 1. 

As the total costs for the DC system are higher in a scenario, where only the cooling systems 

is compared, it can be assumed that the GSHP cooling wins out. However, as the difference 

is only about 9 %, there seems to be a need for further examination to find out which energy 

system (heating and cooling) is more cost effective. Table 19 has the result summary for 

Scenario 2, which goes through the exact same LCC of cooling systems, but with the addition 

of heating systems as well. 

Table 19. Result summary of LCC of Scenario 2 

Costs, 20-year period GSHP (low) GSHP (high) DC + DH 

Loan costs [€] 139 150 181 500 102 433 

Cumulative energy 

costs [€] 

193 938 193 938 341 012 

Total costs [€] 333 088  375 438 443 444 

 

 

Figure 53. Scenario 2. cumulative LCC costs 

The cumulative price of both system and investment costs come out favourable for the GSHP 

system, in both scenarios. However, the Scenario 1. has very little difference between 

cooling systems only, and the DC system is able to catch upon the price difference. Although 

only after 19 or so years. Scenario 2. has a clearer distinction on the favourability of the 

system, with GSHP winning out on both its high and low-cost scenarios. 
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Both systems had similar energy price development rates determined earlier in Chapter 4.1. 

Making an energy price development sensitivity analysis based on those results (4 % for 

electricity, 4 % for DH), is obsolete, since they have similar expected outcome. However, 

due to the trend of electrification, as electricity price growth may accelerate, it would be 

interesting to discuss at which growth rate the GSHP cumulative energy price might 

overcome the DC + DH energy price (Table 20). 

Table 20. Accelerated GSHP energy price costs, cumulatively for a 20-year period 

20-year period DC + DH GSHP (high) GSHP (accelerated 

growth) 

Growth rate % 4 % 4 % 9 % 

Cumulative energy 

costs [k€] 

~418 ~240 ~423 

 

An estimated annual 9 % growth rate for the electricity price development would guarantee 

the cumulative costs going over the DC + DH system energy costs when comparing to the 

price development found in statistical data. 

Investment analysis is difficult to calculate, because some of the costs, like similar 

equipment, piping, and machinery costs, are ignored on purpose. Additionally, most of the 

estimations given out by companies on their price points lack precision, due to some of the 

product packages being trade secrets, or simply the outcome of unpredictable nature of the 

trade, when there is no precise location in mind. 

Calculating and estimating investment costs in this thesis is done to the accuracy capable to 

be met by a literacy review. With external sources the results of LCC can be compared and 

reviewed (Table 21). 

Table 21. Comparison of energy system prices based on earlier studies (Tuviala, 2022; 

Tielinen, 2020; Kvarnström, 2019) 

Source House type 

GSHP DC/DH 

Investment 

costs [€] 

Operational 

costs annually 

[€] 

Investment 

costs [€] 

Operational 

costs annually 

[€] 
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Case building 

Small apartment 

building, 2180 m2 

with 16 flats 

181 000 est. 10 000 102 000 est. 17 000 

Tuviala, 2022 

Apartment building, 

6700 m2 with 80 

flats 

100 000 – 

300 000 

20 000 + 

3 000 

compressor 

renewal 

~27 000 (DH 

only) 

~50 000 + 

5 000 renewal 

of heat 

exchanger 

Tielinen, 2020 
Detached house, 

200 m2 or 150 m2 

12 000 – 22 

000 
720 

2 440 + 5 000 

heat 

exchanger 

(DH only) 

1 612 

Kvarnström, 

2019 

Apartment building, 

3214 m2 

250 000 (with 

exhaust heat 

recovery 

system 

added) 

15 000 - 37 000 

Apartment building, 

4742 m2 
215 000 19 000 - 41 000 

Apartment building, 

6785 m2 
137 000 12 370 - 29 500 

 

With given comparisons on relatively new data points, the investment evaluation can be said 

to be done within the boundaries of reason. The topic of investing into a DC system to an 

apartment buildings complex lacks information. Investment costs for GSHP are wide-

ranging, but nevertheless, do give idea on the range which is expected to be used for such 

investments. Investment estimating is difficult without tendering possible contractors for the 

project. Another problem with GSHPs is the TRT, which need to be conducted before 

contractors can give out closer estimates on the price of drilling boreholes. Often when the 

heat exchange from ground is determined low, and there is a requirement to drill more 

boreholes that originally expected, the investment may become unsustainable. The next 

analysis looks at which point the borehole drilling comes out non-viable for the case 

building, e.g., when costs of installing GSHP overpower the costs of installing DC (Table 

22). 

Table 22. When drilling costs overpower GSHP investment feasibility 
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Boreholes Depth Total drilling Drilling cost [€] 

with drilling 

price of 45 €/m 

(higher) 

Difference: DC + 

DH investment – 

GSHP investment 

loan costs 

10 200 m 2000 m (start) 90 000 68 006 

10 250 m 2500 m 112 500 40 781 

10 300 m 3000 m 135 000 13 556 

16 200 m 3200 m 144 000 2 666 

16 204 m 3264 146 880 -819 

 

GSHP investment loses its attraction at the very last at 16 boreholes with 204-meter drilling 

in each well. This amount of drilling is unrealistic for such a project, and it is assumed, that 

if it takes over 3200 meters of boreholes to get the required heat exchange from ground, the 

land does most likely cannot provide enough thermal power to be cost efficient. 

 

6.3. Emission development 

IDA ICE emission factors for electricity and district cooling were 127.5 kg CO2/kWh, 40 kg 

CO2/kWh, and additionally for, DH the emission factor was 145 kg CO2/kWh (IDA ICE, 

2024), whereas Motiva’s emission factor for electricity was 70 kg CO2/MWh (2024) and 

Helen’s emission factor for district cooling was 0 kg CO2/MWh (Helen, 2023). Helen claims 

to use renewable energy certificates of origin and other differentiated products which affect 

the carbon neutrality of their district cooling production (Helen, 2023). Due to these different 

sources of information with drastically different values, a sensitivity analysis was made to 

determine different emission scenarios for both systems. For district cooling, the factor 

which will be used is 72 g CO2/kWh, since it is the value which predates certification (Helen, 

2023). For comparison, the Loimua (2023b) emission factor for district heating is used as 

well. Table 23 has emission factor values used for calculation, and Table 24 has the resulted 

emission outputs for each system. 

Table 23. Emission factor comparison between different sources 
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Scenario  GSHP electricity DC DH 

S1 
Motiva (2024) Emission factors 

[kg CO2/MWh] 
70.0 0.0 145 

S2 
IDA ICE Emission factors [kg 

CO2/MWh] 
127.5 40.0 147 

S3 
Helen (2023) Emission factors 

[kg CO2/MWh] 
152.0 72.0 162 

S4 

Motiva (2024), Helen (2023) & 

Loimua (2023b) Emission 

factors [kg CO2/MWh] 

70.0 72.0 34.8 

 

Table 24. Results of CO2 emissions with different emission factors 

Scenario 

GSHP result, 

CO2 emission 

[kg] 

DC result CO2 

emission [kg] 

Total GSHP 

result, CO2 

emission [kg] 

DH + DC result 

CO2 emission 

[kg] 

S1 348.0 0.0 10267.3 
29295.9 + 0 = 

29295.9 

S2 760.0 214.8 18701.7 
29670.0 + 214.8 

= 29914.8 

S3 348.0 368.3 22294.6 
32730.6 + 368.3 

= 33098.9 

S4 348.0 368.3 10267.3 
7031.0 + 368.3 = 

7399.3 

 

A large part which affects the emission is the energy efficiency factor which IDA ICE uses 

as well. If the DC emissions were to be calculated from pre-energy efficiency factor, it would 

bring the DC emission factor up to 150 kg CO2/MWh.  

If it is assumed, that Finland’s power companies can reduce electricity and DC emission 

factors to zero, what will the cumulative emissions for each system be? To determine this, 

the emission is reduced to gradually to the year 2050 (Table 26). Energy use in different 

reference years is considered as well. For GSHP system the 2030 – 2030 total energy usage 

change is 0.36 % annually, etc. Values for change are shown in Table 25. 

Table 25. Energy end-use change used in determining cumulative CO2 emissions 
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 Change compared 

to ref. year or 

earlier year in 

sequence % 

Annual change in 

energy usage % 

Change 

compared to ref. 

year or earlier 

year in 

sequence % 

Annual change 

in energy usage 

% 

 GSHP DC 

Reference 

year 2020 
original end use amount as starting value for RCP 4.5 2030 & RCP 8.5 2030 

RCP45 2030 4 % 0.36 % 4 % 0.37 % 

RCP45 2050 2 % 0.21 % 2 % 0.22 % 

RCP45 2080 1 % 0.10 % 2 % 0.23 % 

RCP85 2030 2 % 0.19 % 1 % 0.12 % 

RCP85 2050 4 % 0.39 % 4 % 0.40 % 

RCP85 2080 6 % 0.62 % 4 % 0.45 % 

 

Table 26. Annual gradual reduction of energy emission factors towards zero CO2 emissions 

by year 2050 

Scenario 
Total GSHP DC DH 

Annual gradual reduction % 

S1 4 % 0 % 8 % 

S2 7 % 2 % 8 % 

S3 8 % 4 % 9 % 

S4 4 % 4 % 2 % 

  

Results of cumulative energy CO2 emissions are shown in Table 27. With variations of 

different emission factors (Helen 2023; Loimua, 2023b; Motiva, 2024b), the only scenario 

where DC emissions are lower than the emissions from GSHP system is under the scenario 

S4. In scenario S4 the emission factor of DH is assumed to be achieved with using mostly 

biobased fuels, e.g., wood (Loimua, 2023b). 

Table 27. Cumulative CO2 emissions from energy usage in the case building 

 
GSHP cooling [kg] GSHP total [kg] DC [kg] DH [kg] DH + DC [kg] 

S1                  6 548    142 759               -      440 448    440 448  

S2                11 926    260 026         3 076    446 523    449 599  

S3                14 218    309 992         5 537    492 087    497 623  

S4                  6 548    142 759         5 537    105 707    111 244  
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Scenarios S1 and S4 were different enough to be noted (Figure 54 and Figure 55., while S2 

and S3 followed a very similar emissions pattern to the S1. From the scenarios, the 

cumulative emissions seem to be most relevant information. In the scenario S4 the very low 

initial DH CO2 emission factor makes the DH system slightly less emissive than the total 

GSHP electricity system. 

 

Figure 54. Scenario S1 CO2 emissions according to cooling/heating system 

 

 

Figure 55. Scenario S4 CO2 emissions according to cooling/heating system 

Variation between scenarios can be seen in Figure 56, Figure 57 & Figure 58., where the 

differences of systems the most interesting variations are shown. DH CO2 emission variation 

(Figure 58) is the largest unknown, due DH being often carbon certified; the origin of DH 

can be from wood, etc. even though its emissions are reported closer to zero. 
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Figure 56. CO2 emission variation with GSHP cooling in case building in scenarios S1-S4 

 

Figure 57. CO2 emission variation with DC in case building in scenarios S2-S4 

In DC emission factor comparison, the first scenario, S1, with zero emissions is chosen to 

be neglected, to see the true variation on factors. Initially, the factors  



95 
 

 

Figure 58. DH CO2 emission variation between scenarios S1-S4 

In all scenarios variation between systems is naturally quite large, since different companies 

have different emission factors. This can make emissions hard to validate, and while some 

emission can be certified, blindly trusting certified emissions can be naïve. Low emission 

factors should always be taken with a grain of salt unless there is proof of a validated near 

zero system in place. In the case of companies reporting on their own emissions, without 

validated outside interference, it is safer to use the national accepted factors. Calculating 

emission factors from companies’ energy share can also be an option. The regional network 

operating in Hämeenlinna and Kanta-Häme is calculated by share and verified from the Fuel 

classification database to be realistic (Statistics Finland, 2024b), if the reported fuel usage is 

true. 
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7. Conclusions 

The resulting data consists of the sensitivity of the Hämeenlinna region to the increase in 

cooling demand. The increase in cooling demand is influenced by the length and number of 

heatwaves and their potential increase due to climate change. The simulation of a model 

house shows, under the given RCP scenarios, how much the cooling demand of that 

residential building will change by 2100. The simulation results are indicative, as for 

example the heatwave of May 2024 is not included in the simulation. 

The Hämeenlinna, Lammi dataset shows that Hämeenlinna follows the estimate of the 

average warming in Finland as far as is possible with 20 years of statistical data. The 

Temperature change in Hämeenlinna -analysis (Chapter 2.1.) shows the potential increase in 

heatwaves in the coming years, and the RCP scenario analysis shows the warming trend. 

The EU, FMI, and the results of this work show that while summer energy demand increases, 

the overall annual energy balance can be expected to decrease. This is due to the expected 

overall warming of the winter season. The actual power demand does not seem to be 

affected, other than by an increase in cooling power demand. 

The study found that with central ventilation, the rooms in the case building remain relatively 

well cooled even during the harshest cooling periods. However, it should be noted that when 

simulating with central ventilation, the internal climate of the building is fairly constant in 

each room. This means that room-to-room variation is not easily accounted for. However, 

cooling is subjective, and while some residents may find cooling a requirement for 

comfortable living, others might find this unnecessary. Or too cold. Buildings can have 

colder/warmer zones, but only one central AHU, which may lead to either too cold or too 

hot zones. Decentralized cooling units to all cooling required living zones solves this 

problem, albeit it being somewhat more expensive. This can be implemented by fan coil 

units with cooling coil. With FCUs, the investment costs would include additional piping, 

and installation costs. Operationally, FCUs circulate cold condensate trough a cooling coil, 

in which fresh air is cooled. After the cooling coil the cooled air is supplied back to zones. 
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Topics such as temperature changes and growth, RCP scenarios, cooling demand formation, 

energy calculation test years, the heat island effect and future developments in cooling 

technologies will influence the calculation of future cooling demand. Within these, policy 

levers and minimization of emissions will guide the calculation to avoid future horror 

scenarios of warming and increasing frequency of extreme climate events. Projections and 

test years have been used to dynamically simulate the required cooling capacity, and to 

examine where, for example, the 2020 level of capacity will no longer work in the future.  

As background to the study, cooling systems for distributed and centralized power 

generation were examined, and two relatively mature technologies were selected for 

investment comparison. However, before the investment comparison was made, it was 

examined how well the technologies produce cooling energy for the example building and 

how the energy consumed by the building affects the electricity consumption of the 

ventilation cooling coil. With district cooling the AHU cooling consumption was 5115 kWh 

in the reference year 2020 and with the GSHP system 4969 kWh. The GSHP system was 

able to replace cooling energy with ground cooling, i.e., free energy, with 1298 kWh, while 

all district cooling came into the system from elsewhere. 

At a cooling limit of 27 °C, the system's air handling unit was able to maintain the amount 

of cooling energy in the property, but at a cooling limit of 24 °C, the unit was no longer able 

to cool as efficiently. At the 24-degree limit, unmet hours increased significantly, and the 

CDH number exceeded the allowed limit of 150 °Ch in most parts of the case building. The 

thermal dissatisfaction rose from 6 % to 8 % with active and passive cooling systems in 

place in the 27 °C limit scenario, but the case building became unlivable without the 

combination of passive and active cooling methods. 

In terms of investments, the analysis was very limited, as only a part of the actual investment 

amounts could be examined without limit; only the amount of energy and its price, generated 

by the IDA ICE simulation program, and possible price changes could be examined directly. 

In a real building or in a completed building, the energy consumption of previous years 

would be perfectly well known, allowing the savings generated by the investment to be 

examined. For the purposes of this topic, the investment could be looked at directly in terms 

of the reduction in cumulative costs by comparing different systems, or by the length of the 

payback period. It was chosen to look at lifetime costs of each system without any 

expectation of returned cash flow. In terms of LCC, the most cost-effective option in 
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Scenario 1 was the GSHP, with low energy costs, partially free energy, and relatively low 

initial investment costs. In Scenario 2, the combined costs of district heating and cooling 

were offset by the high costs of the geothermal heat pump and boreholes. Surprisingly, the 

GSHP system was least investment-intensive costs wise, which prompted sensitivity 

analysis for different parts of the GSHP investment costs. These included further 

investigation of energy price potential development and borehole field sizing. It was 

determined that electricity price would have to accelerate to 9 % annually, to become less 

cost-effective than DH + DC combination. Borehole-wise it was determined that 16 

boreholes with the depth of 204 meters could make the GSHP system less profitable than 

DH + DC system. Finally, the original values for each system do not differ too much, for 

cooling the difference is around 9 %, and for entire systems the price difference is around 

15 %. Table 28 has the result summary for system comparison, with emission values from 

the S4 scenario. Emission scenario S4 has lower DH and DC emissions factors than GSHP. 

Noteworthy is, that the systems in this thesis are compared in a rather limited capacity, and 

through only one building. To find a generic solution for all apartment complex buildings is 

simply not possible, due to differences in location, weather, building requirements and 

needs. However, the estimation methods used in this thesis are applicable to other buildings, 

and simulations for different costs, emission factors, and energy systems can be performed 

with IDA ICE. The differences in the costs of cooling systems are small when compared to 

the costs of other building installations but may have a larger impact on overall consumption 

when the costs of other technical building systems are considered. However, the results can 

be indicative, that the truly decisive factor is the building itself. 

Table 28. Result summary for energy systems 

System Total investment costs [€] CO2 emissions [kg] (S4) 

GSHP cooling only 59 441 348 

DC 65 565 368 

GSHP cooling + heating 375 438 10 267 

DC + DH 443 444 7 399 

 

The CO2 coefficients automatically adjusted by the IDA ICE software drove district cooling 

to higher emissions in each decade, but the emission factors for Motiva (2024), Helen (2023) 
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and Loimua (2023b) gave a slightly different view of the emissions trend. Due to MoE´s set 

deadline on new building´s energy efficiency, and Finland´s target for operationally zero 

emission buildings, the expected zero pathways were set to the year 2050. All of the 

reduction trends were in line with real possible reduction rates determined in Chapter 3.2. 

For district heating, the emission trend is always determined by the local operator. In 

Hämeenlinna, according to Loimua’s sustainability reporting (Loimua, 2023b), all district 

heat sold should be carbon neutral by 2030. For electricity, it would also be possible to use 

the energy industry's carbon neutrality pathway trend, in which the energy industry is 

committed to a climate-neutral energy future by 2035 (Energiateollisuus, n.d.b) 

The most economically viable cooling solution for the apartment building under study from 

the point of view of either district cooling or ground source cooling from boreholes, was the 

borehole-option. Ecologically the GSHP cooling only scenario could only compete if the 

determined DC CO2 emission factor was more than the electricity CO2 emission factor. On 

the other hand, some of the cooling into building was able to be drawn from the ground as 

free cooling, meaning it did not affect the CO2 or energy cost at all. This was a major 

highlight for GSHP simulations because it alleviated some of the electrical cost of the 

systems and provided boost to the already low e-value. 

The cooling demand in apartment buildings in Hämeenlinna will change by 2100. The results 

of this thesis support the assumption, that due to current climate change heatwaves may 

intensify and become more common during Finnish springs or summers. Additionally, the 

assumption on cooling demand rising was proved to be relevant in case building, although 

techniques for cooling could be tested in a limited manner. 

Normally, when assessing change of one aspect of change, or in this case, the changing of 

climate sceanrios, an IDA ICE system feature called parametric runs or version runs is used 

to simultaneously run multiple scenarios at once. Parametric runs produces instantaneously 

comparable data, which can be used to determine differences in heating and cooling based 

on scenario. Unfortunately, the building beign an apartment building and having complicated 

heating and cooling systems makes the data file quite large and hence, heavy to to run. This 

means that equipment allocated for running multiple simulations was not sufficient enough 

to upkeep with multiple heavy runs, even with the instructions on how to make simulations 

faster and less accurate. It was determined, that the use of a better simulation computer would 

be necessary for future heavy files to run wihtout crashing or causing other complications. 
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Kanta-Häme and Hämeenlinna region have strong potential for developing sustainable 

energy production, and active energy customers are key to this change. By improving energy 

efficiency, supporting decentralized energy production, and developing smart grids, the 

region can move towards a more sustainable and stable energy future. Cooperation between 

public authorities, energy companies and energy customers are crucial to achieve this goal.  

Global warming due to GHG emissions has already caused changes in the climate, which is 

why reducing emissions is one of the most important global objectives. Finland, like other 

northern regions, is warming more than the rest of the world, and therefore changes in the 

climate, such as milder winters, warmer temperatures, increased heatwaves, and heavy 

rainfall, will have a major impact on people, nature, the countryside, cities, and other 

populated areas. Even if CO2 emissions can be cut drastically and very quickly, the current 

state of the atmosphere in Finland means that temperatures will continue to rise, which 

means that we will be living in an already changed climate for decades to come. To ensure 

a future in which both human well-being and climate objectives are met, there needs 

development in ways to adapt to past and future changes in our environment and to take 

mitigation measures in parallel. 

Impacts on energy demand (heating, cooling, electricity) and energy production methods 

and systems are being researched, and solutions for the changing climate are being 

implemented. A green transition is underway in terms of energy production methods and 

green energy production is being supported and also demanded in a number of ways. 

Providing information on the energy demand of different types and ages of buildings in a 

changing environment can help with creating best-practice-guidelines. On a larger scale, the 

changed energy demand affects energy production methods at the energy system level. 

Adapting to climate change in a denser urban environment brings together the need to 

prepare for the effects of heat island phenomenon. The use of nature-based solutions 

improves resilience but requires a balance between passive and active methods of energy 

usage in buildings. Keeping these in mind, increasing self-sufficiency through a 

decentralized system does not necessarily increase the security of production. Similarly, 

joining a wider network does not guarantee cheaper or cleaner energy.  
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Appendix 1. Heatwaves in Hämeenlinna, Lammi 2002-2023, limit at 25 °C 

 

Figure 59. Years 2002-2005 

 

Figure 60. Years 2006-2009 
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Figure 61. Years 2010-2013 

 

Figure 62. Years 2014-2017 
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Figure 63. Years 2018-2021 

 

Figure 64. Years 2022-2023 
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Appendix 2. LCCs for a 20-year period 

Table 29. DC system cumulative lifetime costs 

 DC       

Loan 

left   

Year 

District 

cooling 

Price 

[€/kWh] 

Energy 

price 

[€] 

Energy 

cost [€] 

Loan 

period 

Annual 

costs 

[€/a] 

Interest 

rate 45000 

Costs 

total 

Cash 

flow 

1 5114.7 0.070 358 -358 1 2250 900 42750 3150 3508 

2 5268.141 0.071 376 -376 2 2250 855 40500 3105 3481 

3 5426.185 0.073 395 -395 3 2250 810 38250 3060 3455 

4 5588.971 0.074 415 -415 4 2250 765 36000 3015 3430 

5 5756.64 0.076 436 -436 5 2250 720 33750 2970 3406 

6 5929.339 0.077 458 -458 6 2250 675 31500 2925 3383 

7 6107.219 0.079 481 -481 7 2250 630 29250 2880 3361 

8 6290.436 0.080 506 -506 8 2250 585 27000 2835 3341 

9 6479.149 0.082 531 -531 9 2250 540 24750 2790 3321 

10 6673.523 0.084 558 -558 10 2250 495 22500 2745 3303 

11 6740.259 0.085 575 -575 11 2250 450 20250 2700 3275 

12 6807.661 0.087 593 -593 12 2250 405 18000 2655 3248 

13 6875.738 0.089 610 -610 13 2250 360 15750 2610 3220 

14 6944.495 0.091 629 -629 14 2250 315 13500 2565 3194 

15 7013.94 0.092 648 -648 15 2250 270 11250 2520 3168 

16 7084.08 0.094 667 -667 16 2250 225 9000 2475 3142 

17 7154.92 0.096 688 -688 17 2250 180 6750 2430 3118 

18 7226.47 0.098 708 -708 18 2250 135 4500 2385 3093 

19 7298.734 0.100 730 -730 19 2250 90 2250 2340 3070 

20 7371.722 0.102 752 -752 20 2250 45 0 2295 3047 

 

Table 30. GSHP system cumulative lifetime costs 

 GSHP       Loan 

left 

  

Year Electricity Electricity 

price 

[€/kWh] 

Energy 

price 

[€] 

Energy 

cost [€] 

Loan 

period 

Annual 

costs 

[€/a] 

Interest 

rate 

30000 Costs 

total 

Cash 

flow 

1 4969.2 0.150 745 -745 1 1500 600 28500 2100 2845 

2 5118 0.153 783 -783 2 1500 570 27000 2070 2853 

3 5272 0.156 823 -823 3 1500 540 25500 2040 2863 



2 

 

4 5430 0.159 864 -864 4 1500 510 24000 2010 2874 

5 5593 0.162 908 -908 5 1500 480 22500 1980 2888 

6 5761 0.166 954 -954 6 1500 450 21000 1950 2904 

7 5933 0.169 1002 -1002 7 1500 420 19500 1920 2922 

8 6111 0.172 1053 -1053 8 1500 390 18000 1890 2943 

9 6295 0.176 1106 -1106 9 1500 360 16500 1860 2966 

10 6484 0.179 1162 -1162 10 1500 330 15000 1830 2992 

11 6549 0.183 1197 -1197 11 1500 300 13500 1800 2997 

12 6614 0.187 1234 -1234 12 1500 270 12000 1770 3004 

13 6680 0.190 1271 -1271 13 1500 240 10500 1740 3011 

14 6747 0.194 1309 -1309 14 1500 210 9000 1710 3019 

15 6814 0.198 1349 -1349 15 1500 180 7500 1680 3029 

16 6883 0.202 1389 -1389 16 1500 150 6000 1650 3039 

17 6951 0.206 1431 -1431 17 1500 120 4500 1620 3051 

18 7021 0.210 1475 -1475 18 1500 90 3000 1590 3065 

19 7091 0.214 1519 -1519 19 1500 60 1500 1560 3079 

20 7162 0.219 1565 -1565 20 1500 30 0 1530 3095 

Totals:   23141      36300 59441 

 


