
 

 

LAPPEENRANTA–LAHTI UNIVERSITY OF TECHNOLOGY LUT 

School of Energy Systems 

Department of Environmental Technology 

Sustainability Science and Solutions 

Master’s thesis 2022 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tarja Kinisjärvi 

 

The sustainability of CHC - combined heating and cooling  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Examiners: Professor, LUT School of Energy Systems Risto Soukka 

  Associate professor, LUT School of Energy Systems Mika Luoranen  

 



1 

 

TIIVISTELMÄ 

 

Lappeenrannan–Lahden teknillinen yliopisto LUT 

School of Energy Systems 

Ympäristötekniikan koulutusohjelma 

Sustainability Science and Solutions 

 

Tarja Kinisjärvi 

 

Yhdistetyn lämpö- ja jäähdytyspumppulaitoksen (CHC) kestävän kehityksen 

näkökulmia 

 

Diplomityö 

 

2022 

 

60 sivua, 9 taulukkoa, 33 kuvaa 

 

 

Työn tarkastajat: Professori, LUT School of Energy Systems Risto Soukka 

    Tutkijaopettaja, LUT School of Energy Systems Mika Luoranen 

 

Hakusanat: CHC, jäähdytys, hiilijalanjälki, UHI 

 

 

Diplomityössä esitellään CHC, yhdistetty jäähdytys- ja lämmöntuotanto menetelmä, 

kiinteistökohtaisena jäähdytysratkaisuna ja vertaillaan CHC laitoksen lukuja 

kaukojäähdytyslaitoksen kanssa, tavoitteena selvittää millaisia kestävän kehityksen 

näkökulmia jäähdytystarpeiden kannalta mahdollisesti löytyy CHC järjestelmän osalta. 

Diplomityö on osittain luottamuksellinen. Teoria osiossa katetaan kiinteistöjen erilaisia 

jäähdytysenergia vaihtoehtoja ja alustetaan veroluokka- ja päästölaskentaa. Työ esittelee 

myös keskitetyn ja hajautetun järjestelmän. Tarkoituksena on sisällyttää päästöt mukaan 

siten, että vertailu CHC-järjestelmän ja kaukojäähdytyksen välillä olisi mahdollista 

kustannus- ja hiilidioksidipäästölaskentojen kautta. Lopuksi analysoidaan miten tuloksia 

voisi käyttää energiatehokkuuden parantamiseksi ja tehdään johtopäätöksiä jäähdytyksen 

tulevaisuudesta. 
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The thesis presents CHC, a combined cooling and heat generation method, as a building-

specific cooling solution and compares the figures of a CHC plant with those of a district 

cooling plant, with the aim to find out what sustainable development aspects can be found 

for the cooling needs of a CHC system. The thesis is partially confidential. The theory 

section covers the different cooling energy options for buildings and providing base for the 

emission and tax class calculation and conclusion. The work also introduces centralized and 

distributed systems. The aim is to include emissions so that a comparison between CHC and 

district cooling can be made through cost and CO2 emission calculations. Finally, the results 

will be analyzed on how they could be used to improve energy efficiency and conclusions 

will be drawn on future cooling scenarios. 
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1 INTRODUCTION 

 

The EU targets through Paris agreement on becoming carbon neutral by 2050 and the Finnish 

government’s aim to be the first carbon neutral nation by 2035 created a need for the energy 

markets to investigate new ways of producing carbon free, carbon neutral and low carbon 

energy production methods. (Pilli-Sihvola, et al. 2018, 12, 60) 

 

Finnish government made a governmental decree affective from 1.7.2022 that a set of heat 

pumps also known as combined heating and cooling systems (CHC) that have at least 0,5 

MW of thermal power would transition from tax class I to the tax class II. The aim of decree 

is to lower the emissions caused by heating and especially cooling of the buildings. 

(Verohallinto, 2022) 

 

Residential house design utilizes orientation of windows and eaves, emphasizing strongly 

on solar shading, tall office buildings differ from residential buildings by their solar shading 

capabilities. The energy needed for office building heating, ventilation, and air-conditioning 

(HVAC) system can take up to 60 % of the total energy consumption of the building. Cooling 

period in Finland can take up to seven months out of a year. (Asim et al 2022, 1) 

 

There is a study done by Hiltunen Aku from the Savonia School of Applied Sciences on 

CHC for Savon Voima Oy, concentrating on the cooling side of the CHC technology and 

aiming towards productizing the CHC services for Savon Voima Oy. This study left out the 

sustainability aspects from the study. (Hiltunen 2019, 2) 

 

This diploma thesis is concentrating on sustainability aspects of an CHC used for cooling an 

office building. The CHC system is as environmentally friendly as the electricity it uses to 

power the heat pumps and by the systems Coefficient of Performance (COP) and whether 

the CHC is connected to a larger district heating (DH) system that reuses waste. The aspect 

of the electricity emissions was investigated further in this thesis by taking export and import 

of electricity into account since CHC system uses electricity mixes during operation. The 

CHC technology is considered to have low carbon footprint energy production due to the 

high COP the pumps have compared to other energy production methods. The scope of the 
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study is to do comparison between CHC and district cooling through cost and CO2 emission 

calculations. 

 

The rising outside temperatures due to climate change has created a rise in the electricity 

need to cool down buildings that absorb the heat from city surroundings. The goal of the 

work is to determine whether the CHC technology could further lower the carbon footprint 

for cooling and therefore be considered a more environmentally friendly, sustainable, and 

economical choice for office buildings. The current and future trends will also be presented 

as will the different tax classes. One office building’s annual cooling need data was given to 

work on as a case study and is only referred to as the office building. The estimations of tax 

class savings were calculated for each year between 2018 all the way to 2020 to show the 

potential savings for the future that the change of the tax class can create. 

 

Direct sunlight is one of the major contributors for heating up office buildings. Daily sunlight 

data is not available due to the variation of sunlight during a day. For this reason, findings 

will be presented on how much the outside temperatures correlate with office building 

cooling needs in Finland. The energy efficiency of office buildings in Finland concentrates 

on keeping heat inside buildings due to cold climate and focuses less on the preventative 

actions on blocking sunlight and outside temperatures from entering the building. Focus 

point of this study is to see whether CHC system could be an option to lower cooling caused 

CO2 emissions.  

 

As the study focuses reviewing the given cooling need data of an office building, the winter 

heating demands were left out of the study. As the chosen operation temperatures for the 

CHC system during wintertime does have connection to the overall optimal performance of 

the CHC system and the coefficient of the performance for cooling, the wintertime function 

is briefly introduced in this study without going further deeper into the optimization for the 

whole CHC system as this study concentrates mainly on the sustainability aspects of the 

cooling needs of an office building. 
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2  THE GROWING NEED FOR COOLING 

 

Before the time of industrial revolution, the atmospheric carbon dioxide (CO2) was around 

280 parts per million (ppm) and has since risen having not shown any signs of declining. 

Carbon dioxide is a greenhouse gas that absorbs heat in the atmosphere and through this 

affects the temperature on the surface of the earth. (Lindsey, 2020) 

 

The CO2 level of 417 ppm was measured in Mauna Loa Observatory in Hawaii in March 

2021. (UNFCCC, 2021) To change the growing trend of the atmospheric CO2 in the 

atmosphere the global consensus has been on reducing the amount of CO2 emissions and the 

global warming by 1.5 – 2.0 ℃ and these limits have been agreed upon through the Paris 

Agreement. (NOAA, 2021) 

 

This has created growing need for cooling especially for the buildings inside cities as 

temperatures are on the rise globally also in Finland presented in figure 1, as city structures, 

air pollution and denser city centers creates surroundings where heat cannot escape and is 

eventually stored inside the city structures. (Yle, 2019) After the year 2000 the maximum 

daily temperatures have occurred more frequently in years 2004, 2005, 2007, 2011, 2016 

and 2018. When comparing to previous decades, maximum and minimum temperatures have 

taken turns and during the 21st century the maximum temperatures are occurring seven times 

with the absence of the minimum temperatures. (Finnish Meteorological Institute, 2019) 

 

Solution for lowering the carbon emissions related to the cooling of office buildings could 

lie in the combined use of industrial level heat pumps together with district heat system that 

cools down buildings with the use of circulation of water and waste heat which is 

investigated further in this thesis.  
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Figure 1. Daily maximum and minimum temperatures in Finland during 1959 – 2018. Minimum temperatures 

in blue have declined after 1990 and maximum have risen. (Finnish Meteorological Institute, 2019) 

 

One of the factors adding to the growing need of an alternative system such as the CHC 

system is also the time-consuming construction and the risen costs of DH system. (Yle, 

2016) DH and cooling network energy sources vary with each different electricity company 

based on the company strategy and available local energy source mix resulting in variation 

in the overall emission factor of the DH network as every energy source mix has its own 

unique emission factor that correlates with the carbon emissions it produces. 

 

Also, each energy source has different tax costs. According to the report done by the Ministry 

of Finance the taxes concerning fossil fuels will continue rising in the future due to the targets 

set be the Paris Agreement and Kyoto protocol adding pressure to eventually give up the use 

of fossil fuels. Tax class change for heat pumps has been expected to lower the cost of CHC 

system. (Eduskunta, 2020)  
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2.1 Urban heat island effect in Finland 

 

Urban heat island effect (UHI) has not yet been investigated in more detail in Finland as 

Finland has focused more on the heating of buildings instead of cooling due to the earlier 

cooler decades.  There is one Pro gradu study done by Achim J. Drebs in 2011 that concluded 

that UHI affects buildings already in Finland despite the northern location of the country. 

The study concluded that typical cities in Finland have been built in quite similar way so a 

study done in one place could be applied in another city with similar annual temperatures 

resulting in similar results. (Drebs 2011, 3) 

 

One of the factors for higher cooling needs in large cities is UHI which creates temperature 

differences between city and the rural areas. As an example, the visible sunlight is absorbed 

as heat (infrared radiation) into the city structures, laying foundation for UHI together with 

air pollution and tall buildings that both block wind from mixing air preventing temperature 

drops and thus fastens the amount of visible sunlight being absorbed into the city structures 

as demonstrated in figure 2.  

 

Dark surfaces such as black pavement, rooftops and walls absorb heat more than light ones. 

During warm days surfaces hit by visible sunlight transform shortwave light into longer 

wavelength, also known as infrared light, that is stored into to the city structures as heat. 

When visible light also hits the office building window surfaces, visible light is turned into 

a longer weight length infrared radiation that is then absorbed by the inner structures of the 

building, heating up the inner temperature of the office building alongside the outside 

structures. (Drebs 2011, 9-10) 
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Figure 2. UHI effect rises the temperature inside the city during hot summer days in windless conditions when 

there are particles in air such as pollen, street dust or traffic fumes absorbing heat. 

 

Especially during the sunny days, the visible sunlight is stored into the buildings directly or 

through windows into to the inner office building structures. The UHI effect is at its highest 

during the early morning hours which can be seen as higher temperatures inside the building 

even though people and machines have not yet been the anthropological heat sources inside 

the building. (Seppänen 2004, 176)  

 

In Finland the hot weather limit has been achieved when the day temperature is at its 

maximum at +27 ℃ and the minimum night temperature is +14℃ . The especially hot 

weather limit is met when the highest daily temperature is +30 ℃, and the lowest night 

temperature is +18 ℃. The extremely hot weather limit begins when the highest daily 

temperature reaches +35 ℃, and the lowest night temperature reaches +20 ℃.  (Pilli-Sihvola 

2018, 54)  

 

According to the study done by Achim J. Drebs, the higher the buildings are and the more 

closely the buildings are located to each other, the more sunlight is bounced between the 

buildings creating higher amounts of heat absorbed into the buildings heating up the 

buildings. As the daily maximum temperatures are on the rise in Finland, the UHI effect will 
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become stronger in the densest city parts creating higher temperatures inside the buildings 

especially during high nighttime temperatures. (Drebs 2011, 15) 

 

When observing the UHI effect, the nighttime temperatures are important. The heat stored 

into city structures during the daytime as infrared radiation will be released into surroundings 

during the night when the air temperature cools down making the nighttime temperature 

inside the city slightly higher than the temperature around the city limits as there is less wind 

between the tall buildings mixing the temperature differences. This can only be detected by 

comparing the temperatures inside the city itself and the area surrounding the city, known as 

the rural areas.  (Drebs 2011, 10) 

 

Alongside the nighttime and daytime temperatures, the density of the city centrals plays 

important part in UHI effect. In comparison there are around 241 000 people living in the 

city of Tampere region of 689,6 𝑘𝑚2 and 656 000 in Helsinki’s 715,48 𝑘𝑚2 area, presented 

in table 1. The most northern city in Finland, Rovaniemi, has population of 63 528 in an area 

of 8016,75 𝑘𝑚2. Helsinki and Tampere both have around 700  𝑘𝑚2 area with different 

population densities. (Statistics Finland 2021) 

 

Despite this difference, city centers in Southern Finland are constructed in similar fashion 

due to Finland’s history. In recent decades city centers have become denser with higher 

buildings. The city skyline is ever changing as more buildings are being built to answer to 

the growing population needs. (Tuomimaa 2020, 10) 

 

The study done by the city of Helsinki revealed that heat is directly connected to the growing 

cooling needs, higher usage of energy and the higher need for the use of DH. The need for 

more energy to cover the growing cooling needs leads to higher CO2 emissions. (Helsingin 

kaupunki, 2021, 56)  
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Table 1. Population density of different cities in Finland. (Statistics Finland, 2021) (Maanmittauslaitos, 2021). 

 

 

 

 

 

 

 

 

The buildings in Finland are traditionally built as low buildings allowing cars to park nearby, 

and this trend is beginning to change as cities are building taller office and apartment 

buildings close to each other, parking lots are built under the buildings to save in CO2 

emissions or as a separate high parking buildings that multiple companies use. UHI affects 

those cities more that build densely high buildings than the cities that build low buildings 

with some distance between them.  

 

The buildings built in Finland are still mainly built for cold climates and not so much for 

warmer summer heat seasons, this combination through cultural thought patterns can create 

hot climates inside the office buildings that can be expensive to cool down. As the cities are 

building structures closer to each other with less trees, gardens, and green areas to give shade 

and coverage to capture moisture to be released during the nights giving some coolness to 

the surrounding areas, office buildings, apartment buildings and shopping centers will 

require separate cooling in the future also in Finland, increasing the carbon footprint of 

cooling. (Bass, B. & Baskaran, B. 2003, p.i-iii) 

 

According to the study made by the city of Helsinki, UHI will get stronger as the heat days 

get more frequent during next few years. The study also implicates that the biggest cities in 

Finland such as Turku, Helsinki, Oulu and Tampere will suffer the causes of UHI alongside 

with other big cities in the world. Finland’s cold climate may not give shelter for warm 

summer in the future. (Tuomimaa 2020, 44) 
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2.2 Specific Heat Capacity 

 

The phenomenon behind UHI effect can be best explained through specific heat capacity. 

Other aspects affecting buildings and its immediate surroundings, are such as thermal 

conductivity, emittance and solar reflectance (also known as albedo) and the specific heat. 

 

Thermal emittance in short is the materials ability to give away heat it has absorbed. Solar 

reflectance indicates how much material reflects solar radiation away. Light color surfaces 

have higher solar reflectance capabilities than darker ones and for this reason light colors 

have been used in hot climates such as in Greece, where buildings have been painted white 

in order to reflect the heating sunlight. The higher the heat capacity of a material is, the 

higher the temperature need to heat the material. The lower the specific heat capacity is, the 

less heat is needed.  

 

Certain materials inside the city heat up faster than others during the day either in direct 

sunlight, through air or conductivity from other materials nearby and the specific heat values 

for most common materials are presented in table 2.  

 

Table 2. The specific heat values for common materials inside cities. (ResearchGate, 2000) 
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As seen from Table 2 the specific heat capacity for stainless steel is 468 J/kg°C, for iron 462 

J/kg°C and for fiberboard 300 J/kg°C and these materials are used inside cities and with 

quite low heat capacity, absorbing heat during hot days especially in direct sunlight. 

(ResearchGate, 2000) 

 

3 CHC SYSTEM  

 

Combined heating and cooling (CHC) system is the combination of industrial heat pumps, 

an equalizing tank, a water circulator, an electricity and automation center and a condenser 

that is connected to regional DH network. This system gathers waste heat from buildings 

with the use of cold water which is then further distributed into the DH network as 

demonstrated in figure 3. 

 

With the help of heat pumps inside the CHC system, the gathered waste heat in water can be 

heated to even higher degrees for further heating purposes and or cooled for further cooling 

purposes. Multiple heat pumps can be used, and the total COP of the system tells how 

efficient the system is and how much electricity is being used. The higher the COP is the 

more efficient the system is. (VNK 2021, 90)  

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  The circulation of water inside office building with the help of CHC system with waste heat 

directed into DH network. 
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Examples of cooling cases will be presented in chapter 3.2. The warming of the water within 

the CHC system is done by a condenser and the cooling by a evaporator. 

 

3.1 Industrial heat pumps 

 

System comprised with industrial level heat pumps can produce both heat and cooling and 

can be used from office buildings and factories to local schools and large apartment 

buildings. CHC system can use waste heat from different processes by reutilizing it or 

gathered within heated building structures. 

 

Figure 4. The summertime maximum power for CHC system. (Oilon selection tool) 

 

Oilon water-to-air Chillheat P-product family heat pumps transfer heat and cold from the 

water into the air and vary from different models that can produce cooling down to -20 ℃ and 

up to hot water of +120 ℃ depending on the system and the environment where the heat 

pumps are used. The CHC system in this study is comprised of two units, P450 and P300, 

with the capacity range of 30 – 1000 kW and heating capacity of 30 – 450 kW using 

refrigerant R134a. (Oilon, 2020) Summertime maximum power has been presented in figure 

4 with COPc as 2,1 and wintertime maximum power has been presented in figure 5 with 

COPc as 2,0.  

 

Figure 5. The wintertime maximum power for CHC system. (Oilon selection tool) 
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In an office buildings CHC system, the heat pumps first take in water and cooling it down 

to between +7 ℃ and +12 ℃ that will then be directed into buildings structures for cooling 

purposes. The heat gathered will be directed back to the heat pumps that will then heat water 

up to + 70 and +100 ℃ and return it to the to the DH network. COP is typically between 4 

and 6. (Oilon, 2020)  

 

3.2 CHC system with other options 

 

Data centers create a lot of heat energy as the IT equipment heats up during it’s operation. 

CHC system is used to cool down data centers by gathering the heat generated by the 

datacenter as waste heat by circulating mild temperature water into the datacenter that 

absorbs the heat and transporting it outside the facility. Waste heat can then be reused in 

district heat network to warm up buildings during the wintertime. 

 

CHC system can also be operated with lake and river water. Cool water is directed from the 

water facility to the DH network where the CHC pumps then further cool down the water 

for cooling of buildings inside the DH network. 

 

The cool water circulates gathering up waste heat stored in the building structures during the 

hot summer days thus cooling the building. The waste heat can be then, if necessary, heated 

further to a higher temperature and be redirected to for example to warm up water in outside 

swimming pools. 

 

CHC can also be used to gather waste heat from different process waters, for example 

wastewater treatment plants. In these scenarios the CHC system is used to amplify the waste 

heat created during the water treatment processes. Also cooling towers and different hot 

treatment fumes can also be utilized to heat up the water. 
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4 CASE STUDY 

 

The cooling needs presented in this work represent a typical need of an office building that 

has a lunch cafeteria and few server rooms, and the office building has multiple different 

functions. The case study represents a typical example of a real estate that might be a 

potential place for installing a CHC system. All the calculations have been done using the 

provided cooling need data of the case study and case study is presented and referred to in 

this work only as the office building. 

 

5 CENTRALIZED AND DISTRIBUTED SYSTEMS 

 

Production of energy and electricity in centralized systems is done in large production plants 

and are transported to the customers for long distances through a network and this can create 

losses on the way. Distributed system consists of different ways of producing local energy 

and electricity varying from solar, wind, water, small scale combined heat and power plants 

(CHP), ground heat and solar heat production that are distributed by need of energy in a 

certain area. Customers have shifted towards the distributed systems as it often does support 

smaller carbon footprint, diminishes heat losses due to short distances, and the need to have 

power over deciding how to control carbon emissions. According to Isännöintiliitto’s 

barometer, apartment buildings housing cooperatives have been losing interest in choosing 

centralized system as the main and only source of heating. (Viljamaa, 2021)  

 

One of the factors influencing shift towards distributed system are growing tax prices 

involving the energy and electricity sources used to produce energy in centralized systems 

and the expensiveness of building DH network. In old buildings DH piping would require a 

lot of work and in new buildings, the planning must be considered in good time while taking 

into account future adaptations of the technology. (Lähienergia, 2020) 

 

Challenges with the distributed system can be the systems dependency on weather variations 

and the lack of dependable storage that should help provide steady electricity levels and the 

capability of leveling peak loads with help of energy storage supporting the highest wind 

and solar production hours. Storage facilities require a lot of space and battery-based storage 
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is expensive, and most battery technologies use of rare metals that are recovered through 

mining which is not environmentally friendly. Also, the dismantling of batteries is time 

consuming and is hazardous to health. Ground heat does not have these issues and can be 

combined with solar heat collectors and solar panels so that it would lower the carbon 

footprint. (Kairamo 2012, 41-47) 

 

Although the distributed network has it challenges, it also has its upside in prosumers, where 

consumers can become producers of renewable electricity within the network and sell the 

excess electricity to local electricity grid. This combined with monitoring of the consumed 

and produced electricity and the capability to share or store energy with local electricity grid 

when it is not needed is called smart energy grid. The local electricity grid when used as a 

smart grid together with all the renewable energy production methods could also use electric 

cars to store energy during when cars are not in use and give electricity back to the smart 

grid when there is a high need for electricity. Both the centralized and the distributed 

networks do not take waste heat inside the system into use.  

 

5.1 Tampere area’s district cooling 

 

District cooling is used only in densely populated areas due to the cooling network which 

uses a district cooling system to direct the cold and warm water in and out of the building 

either to the cooling plant for recooling of water or to the DH network so that the warm water 

could be utilized further as presented in figure 6. 

 

The most popular city to move to both in 2020 and in 2021 was the city of Tampere, making 

it the most growing economic areas in Finland which indicates growing population and the 

need to create new residential areas. (T-media, 2022) For this reason the city of Tampere 

and its DH and cooling network was chosen for this study as the DH network is expected to 

extend along with new residential areas. 

 

The city of Tampere has DH network in use that covers 600 kilometers inside the Tampere 

County boarders. The carbon footprint for DH in Tampere has steadily dropped from 2010 

to 2019 using wood pellets, industries scrap wood and burning of mixed waste. Carbon 
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footprint has been estimated to continue dropping over the next ten years by 90 % due to 

decision to grow the share of renewables in the electricity production and with these 

decisions, savings in electricity production equals over 590 thousand tons of carbon dioxide. 

(Tampereen Sähkölaitos, 2020).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Traditional district cooling network. 

 

 

The estimation for the future development of the DH carbon footprint can be seen in 

Figure 7. Using waste heat alongside to renewable energy would support the city of 

Tampere goals of diminishing carbon emissions. The DH network in Tampere  

extends for 600 kilometers and enables future district cooling, the DH network presented in 

Figure 9. 
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Figure 7. The carbon footprint (g/kWh) for the DH in Tampere. (Tampereen Sähkölaitos Oy, 2020)  

  

On a general level the district heat produced in Tampere, where the study case is located, 

uses wood, peat and natural gas. Figure 8 shows the sources that set the foundation for the 

carbon footprint for DH. (Tampereen Sähkölaitos, 2020) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. The sources for the DH in Tampere during the year 2020. (Tampereen Sähkölaitos Oy 2020) 
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The energy shares of DH are, on a general level, possible to be chosen in areas that have 

more local options by the taxes that originates from energy sources emission factors, as the 

taxes reflects the prices that end user pays for being a DH customer. The higher the energy 

prices and or taxes are the more pressure there is to move towards renewable energy sources 

that have lower emissions factors out of the choices available. As the taxes on energy sources 

that have higher carbon footprint are on the rise, energy companies are looking for new ways 

to save both money and CO2 emissions. (VNK 2021, 109,120) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. The DH network in Tampere marked in orange. (Tampereen Sähkölaitos Oy 2020) 

 

5.2 Traditional cooling methods  

 

There are traditional cooling methods for office buildings which will be presented in this 

part as an option for the CHC system. Mechanical cooling can be divided into two groups: 

direct and indirect or as water or air based or as a combination of the two. Direct machineries 

are usually locally installed as indirect are usually installed separately with the cooling 

machinery. Direct cooling takes less energy to operate than indirect and can involve multiple 

different cooling units that use free cooling. Direct cooling on the other hand does not use 
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water to cool down spaces and is more affordable than indirect cooling. (Seppänen 2004, 

211-212) 

 

The traditional cooling process usually uses water and needs a chiller to lower the 

temperature of the water to circulate the water back to the system. The extracted heat is 

directed to cooling towers that will then release the heat to the outside air. This is waste heat 

energy that the traditional system does not take into reuse and adds to the systems carbon 

footprint. (Oilon 2020) Water, that can act as cooler and that can absorb heat energy can be 

used in free cooling method, with the help of heat exchanger and outside air that is used to 

cool down the water inside the cooling unit. (Swegon 2007, 13)  

 

There are several different types of compressors that are either stationary or movable and 

that have a condenser that will change the refrigerant gas into liquid, releasing energy from 

the liquid going through the condenser and the refrigerant is cooled down. Expansion valve 

will then expand the liquid into to vapor that will be diverted into vaporizer turning the 

direction of the refrigerant back to the compressor. (Seppänen 2004, 236-237) 

 

In the sorptive cooling method the supply air is dried before cooling by evaporative methods 

which uses moisture to cool down air. When utilizing only evaporative cooling, the air is 

cooled down by creating moisture without drying as evaporative cooling does not include 

drying of the supply air. (Swegon 2007, 12) 

 

5.3 Future of energy 

 

There is possibility in the future that heat pumps inside office buildings might operate 

utilizing waste heat through compact Organic Rankine Cycle (ORC) generators making 

waste heat comparable with other energy sources. Another scenario for CHC system could 

be that excess waste heat energy is stored into thermal energy storage during the office hours 

that do not require waste heat for heating water or cold basement floors and during peak 

hours the heat pump system uses electricity from that storage when needed. (Yuan, 2021) 
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Future of energy could also be in ideas such as windows on the southside of the building 

utilizing circulating water to cool down the window structures window preventing heat 

transfer into the office building and transference of the waste heat into CHC system that then 

uses that heat to heat up the office buildings water or facilities in the basement levels between 

cold bedrocks. 

 

One example already exists, FluidGlass that uses water that has been enriched with small 

particles along with anti-freeze, making the use for cooling possible as the window is able 

to gather waste heat and produces one kilowatt per hour. (Cordis, 2018) 

 

6 CORRELATION BETWEEN COOLING AND TEMPERATURE 

 

In this section annual cooling needs and outside temperatures are presented. Tampere has 

four weather stations where daily maximum and minimum temperatures are measured. Out 

of these four, Tampere Tampella was chosen on the basis that it was the only measurement 

station located inside the Tampere city center. 

 

The cooling needs of a typical office building and the annual outside temperatures were 

originally to be used from a five-year period but the available emission factors for the 

electricity mix used in Finland restricted the years into 3 years, between 2018 and 2020 as 

these years had usable emission factors provided by Fingrid. The export and import emission 

factors had not been available before this and prevented Fingrid from calculating the factors 

in more detail. (Fingrid, 2021) 

 

The annual cooling need shows repetition between the weekend and workdays all trough out 

the graphics presented for years 2018, 2019 and 2020 where the weekends can be seen as a 

two day drop and workdays as five days rise. During the weekends the anthropologic effect 

is low as the need for lighting or use of machines is low and there are less people working 

inside the building. The anthropologic effect can be seen as the difference between the 

weekdays and workdays when people come back to work and account into the heating, 

affecting the cooling needs of the building. This can be especially seen during first of May 

that is a holiday in the middle of work week and the cooling need of the building drops in 
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the middle of the week down to baseline 1 value. Holidays such as the First of May shows 

in figures 6, 9 and 12 for years 2018, 2019 and 2020 as the lowest points in cooling needs, 

which serves as the baseline 1 for the building.  

 

The weekends were chosen as the baseline 2 for the cooling need of typical office building. 

A common feature for all the years under study is the beginning of the year that has a baseline 

2 with cooling need between 800 – 1500 kWh, which after April start to rise to even higher 

values. The outside temperatures affect can be seen between the cooling need of 1450 - 4300 

kWh as the outside temperature and cooling need have correlation with each other on a 

yearly basis mainly between May and September. It is also important to look at the daily 

lowest outside temperatures alongside the daily highest outside temperature, as it plays 

crucial role in the UHI effect.  

 

The annual cooling need of the building was calculated with the given hourly power (kW) 

summations for each day for each year that in total result in kWh. The use of heat pumps to 

cover the annual cooling needs were calculated using the equation 1 that is originally meant 

for space heating calculations, it can also be used for cooling calculations. With COP 4, the 

heat pump can provide 4 kW from 1 kW of electricity, therefore the higher the COP is the 

better is the productivity of the system. (YM, 2012) 

 

 𝑊ℎ𝑝,𝑠𝑝𝑎𝑐𝑒𝑠 =
𝑄𝑝𝑐𝑛,𝑠𝑝𝑎𝑐𝑒𝑠

𝐶𝑂𝑃ℎ𝑝,𝑠𝑝𝑎𝑐𝑒𝑠
       (1) 

 

𝑄𝑝𝑐𝑛,𝑠𝑝𝑎𝑐𝑒𝑠 periods cooling need for office spaces [kWh] 

𝐶𝑂𝑃𝑜𝑠,𝑠𝑝𝑎𝑐𝑒𝑠 office space heat coefficient for cooling of the spaces 

𝑊ℎ𝑝,𝑠𝑝𝑎𝑐𝑒𝑠  heat pumps annual electricity consumption for cooling of the spaces [kWh] 

 

The annual electricity needs were not needed to be calculated for the DH as the cooling 

values were applicable as given. 
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6.1 Annual cooling needs and outside temperatures 2018 

 

As seen in figure 10 the baseline 1 equals cooling need of 600 - 650 kWh which is not 

affected by outside temperatures until the outside temperature begins to rise to and over +10 

℃ after which the cooling needs rise to 800 kWh and above.  The baseline 2 for year 2018 

is between 800 - 1500 kWh which seems to show the anthropological affect that humans, 

lighting, and machines create inside the building adding up to the heat inside the building 

growing the cooling need.  

 

The year 2018 was cold between January and April after which the temperature started 

climbing steadily as can be seen in figures 11 and 12. In the middle of May the temperatures 

began to rise from 10 to 15 ℃. The correlation between the growing cooling needs, highest 

and lowest outside temperatures can be seen after the limit of 1500 kWh has been reached 

with the daily cooling needs and when the highest outside temperatures go over 15 ℃ and 

lowest temperatures over 10 ℃ more than few days in a row. After this the cooling needs go 

over the 2000 kWh on multiple days until the highest temperatures drop down to around 16 

℃ which after the cooling need drops under 1800 kWh.  

Figure 10. The daily cooling needs for a typical office building in Finland during the year 2018. (Tampereen 

Sähkölaitos) 
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In the beginning of the year all the way until May, despite the highest temperatures go over 

10 ℃, the cooling needs do not seem to be affected if the lowest nightly temperatures stay 

around 5 ℃. Only after 7.5.2018 as seen in figure 11, the lowest nightly temperature reaches 

10 ℃ and higher it starts to have affect alongside with the highest daily temperatures on the 

cooling needs inside the office building. 

 

One of the lowest temperature points can be seen during weekdays in June where the highest 

temperature was under 12,5 ℃ before 11.6.2018 and lowest temperatures were under 7,5 ℃ 

around 11.6.2018. In figure 11 there are three temperature peaks can be seen in May, June 

and between July and August where the outside temperatures correlate with the office 

buildings cooling needs when the lowest temperature is over 10 ℃ during spring and 15 ℃ 

during summer 

 

Figure 11. The lowest temperatures for the year 2018. (Finnish Meteorological Institute, 2021 

 

and fall. As an example, after 20th of August when lowest nightly temperatures begin to 

lower to closer 10 ℃  there can be seen a drop in the cooling needs inside the office building 
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despite the highest outside temperatures. Also, there can be seen a period between 11th of 

June and 26th of June where the highest temperatures are between 20-25 ℃ but as the lowest 

temperature stays around 10 to 15 ℃ and this period has only little effect on the cooling 

needs of the office building.  

 

The kWh limit for outside temperatures affecting the office buildings cooling needs in the 

year 2018 seems to be around 1500 – 1600 kWh when the lowest nightly temperatures go 

over 10 ℃ during the spring and go under 15 ℃ during fall.  

 

1500 kWh seems to be the limit after which the outside temperature reaches 17,5 ℃ and 

becomes a larger factor than the anthropology factor as there can be seen correlation between 

the rise in the cooling needs inside the office building and outside the office building in the 

rise of outside temperatures. 

 

Figure 12. The highest daily outside temperatures for the year 2018. (Finnish Meteorological Institute, 2021) 

 

Cooling needs can be seen corresponding both with the lowest and highest temperatures 

outside the building in three peaks. As seen in figure 12, first peak occurs in 14.5.2018, 
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second on 25.6.2018 and the third on 16.7.2018. After which the temperature peaks steadily 

go down and the cooling needs graphics follows similar trend. 

 

The baseline 3 for year 2019 is between 1500 – 6300 kWh and can be connected to 

corresponding the outside temperatures. 

 

6.2 Annual cooling needs and outside temperatures 2019 

 

As seen from figure 13, baseline 1 for year 2019 is around 700 kWh that is not affected by 

outside temperatures until the outside temperature begins to rise to and over +10 ℃ after 

which the baseline value rises to 800 kWh and above.  

 

The baseline 2 for year 2019 is between 800 - 1500 kWh which seems to show the 

anthropological affect that humans, lighting, and machines create inside the building adding 

up to the heat inside the building growing the cooling need.  

 

The anthropologic affect can be seen as the difference between the weekdays and workdays 

when people come back to work and account into the heating of the building and through 

this, affecting the cooling needs of the building. This can be especially seen when comparing 

data between figures 13 and 15 during first of May, a weekday and a holiday when the 

cooling need of the building drops in the middle of the week down to 810 kWh when the 

outside temperature is 13,9 ℃. 
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Figure 13. The daily cooling needs for a typical office building in Finland during the year 2019. (Tampereen 

Sähkölaitos) 

 

1500 kWh is the baseline limit after which the outside temperature becomes a larger factor 

than the anthropology factor as there can be seen correlation between the rise in the cooling 

needs inside the office building and outside the office building in the rise of outside 

temperatures. 

 

From the beginning of the year the baseline of 1300 kWh changes after April and rises to 

1600 kWh and stays there until end of May. The affect the UHI effect that is the combined 

result of the anthropological and outside temperature affecting the inside of an office 

building, can be seen in figure 13 between the 1500 and 4300 kWh. 
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Figure 14. The lowest daily outside temperatures for the year 2019. (Finnish Meteorological Institute, 2021) 

 

The beginning of the year 2019 was not as cold as than the year 2018. Cooling needs can be 

seen corresponding both with the lowest and highest temperatures outside the building in 

three peaks. As seen in figure 14, the first peak in lowest daily temperatures occurs in 

21.5.2019, second on 4.6.2019, third on 18.6.2019, fourth on 23.7.2019 and the fifth on 

27.8.2019. After which the temperature peaks steadily go down and the cooling needs 

graphics follows similar trend. 
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Figure 15. The highest daily outside temperatures for the year 2019. (Finnish Meteorological Institute, 2021) 

 

The baseline 3 for year 2019 is between 1500 – 6500 kWh and can be connected to 

corresponding the outside temperatures. 

 

6.3 Annual cooling needs and outside temperatures 2020 

 

Deviating from the year 2018 and 2019 the year 2020 cooling needs begin from March 

instead of January as can be seen presented in figure 16.  

 

The baseline 1 for year 2020 is around 700 kWh that is not affected by outside temperatures 

until the outside temperature begins to rise to and over +10 ℃ after which the baseline value 

rises to 800 kWh and above.  The weekdays have more stronger variation than during 2018 

– 2019 and this could indicate that remote work due to Covid-19 can be seen from the data 

as the fluctuation is between 1200 – 1500 during weekdays as the Covid-19 started to affect 

business across the country beginning from March of 2020 which is also the beginning for 

the cooling needs this year and there is no reference point from earlier months this year. 

 

The baseline 2 for year 2020 is between 800 - 1500 kWh. This is interesting observations as 

after 2020 March the Covid-19 restrictions came to affect in some offices and finally after 
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May the remote work started. This seems to challenge the anthropological effect that 

humans, lighting, and machines may create heat fluctuation inside and suggest that baseline 

2 might already reflect the outside temperatures inside the building as heat that might have 

affected the cooling needs of the building.  

 

Figure 16. The cooling needs for a typical office building for the year 2020. (Tampereen Sähkölaitos) 

 

The spikes in the cooling needs seen in figure 16 are not as distinctive compared to previous 

years and the highest rise can be seen during 11.6. – 29.6.2020 when the highest temperature 

is between 25 – 31,6 and the lowest is above 15 ℃.  

 

During 2020 it seems that a four-degree difference between the day and nighttime 

temperatures is not enough to create more demand in the cooling needs as the demand stays 

quite the same, under 2000 kWh, when the highest temperature is under +20 and the nightly 

temperature, during period of 1.6. – 6.7.2020, is around 13 ℃. 
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Figure 17. The highest daily outside temperatures for the year 2020. (Finnish Meteorological Institute, 2021) 

 

The cooling needs drop significantly after 24th of August after the highest temperature 

drops down to 20 ℃ and the lowest nightly temperature drops down to 15 and 10 ℃. 

 

Figure 18. The lowest daily outside temperatures for the year 2020. (Finnish Meteorological Institute, 2021) 
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Cooling needs can be seen corresponding both with the lowest and highest temperatures 

outside the building in three peaks. As seen in figure 18 the first peak occurs in 21.6.2020, 

second on 28.6.2020, the third on 19.7.2020, fourth on 9.8.2020 and fifth on 23.8.2020.  

 

There is a sixth peak in temperatures between 23.9. - 30.9.2020, this does not show in cooling 

temperatures and could be explained with the three separate temperature drops after 

20.8.2020 as seen in figures 17 and 18 which may have cooled down the building structures 

before the warm temperature peak. After which the temperature peaks steadily go down and 

the cooling needs graphics follows similar trend. The baseline 3 for year 2020 is between 

2000 - 4700 kWh and can be seen corresponding the outside temperatures when comparing 

cooling needs with temperatures together. 

 

7 CARBON EMISSIONS 

 

Carbon emission factor used for DH was provided by Tampereen Sähkölaitos and can be 

seen in figure 19. The carbon emission factor for electricity used by the heat pumps was 

chosen based on the use of an electricity mix and led to the factor called electricity consumed 

in Finland. The chosen factor contains the export and import of electricity out of and into 

Finland as well the electricity produced inside Finland. Fingrid had calculated ready 

emission factors only for years 2018, 2019 and 2020 using the equation 2.  

 

= 
𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑟𝑜𝑚 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛+ 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑟𝑜𝑚 𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦− 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑟𝑜𝑚 𝑒𝑥𝑝𝑜𝑟𝑡𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛+𝐼𝑚𝑝𝑜𝑟𝑡𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦−𝐸𝑥𝑝𝑜𝑟𝑡𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦
        (2) 

 

 

Carbon emissions are calculated by using the emission factors given by Tampereen 

Sähkölaitos for the share of DH and emission factors given by Fingrid for the share of the 

electricity that has been used inside Finland and that is mixture of locally produced and 

imported electricity for the share of the industrial heat pumps inside the CHC system. 
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Figure 19. DH production CO2 emissions. (Tampereen Sähkölaitos 2020). 

 

The carbon emission for the DH is related to the shares of the energy sources used to produce 

energy for the DH network. Each share has its own carbon footprint reflecting into the 

emission factor making DH derivative to the different shares of different energy sources 

inside each plant. Different plants use different shares based on the locally produced energy 

shares. The shares Tampereen Sähkölaitos is using can be seen from figure 8. 

 

7.1 Cooling needs and carbon emissions 

 

The years 2018, 2019 and 2020 were chosen on the basis that the needed data was able to be 

found online and from Fingrid but for years 2016 and 2017 the emission factors for imported 

and the exported electricity was not yet available. Therefore, the calculation for the emission 

coefficient for the electricity produced in Finland was left inconclusive as can be seen in 

Table 3.  
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Table 3. The needed emission factors for the calculation of the carbon emission factor for the electricity 

consumed in Finland. (Fingrid, 2021)  

 

Fingrid have published the ready emission coefficients for electricity used in Finland starting 

from year 2018 and these coefficients were used to estimate the CHC systems carbon 

footprint. 

 

Table 4. The emission coefficients for the electricity system in Finland. (Fingrid, 2021) 

 

 

 

 

 

 

 

The cooling needs annual emissions were calculated first by dividing the annual cooling 

need of the building with the CHC systems heat pumps COPc for each season. For the 

summertime use presented in figure 20 between March and October, COPc is 2,1 and for 

wintertime presented in figure 21 between November and February, COPc is 2. 

 

 

 

Figure 20. Summertime use of CHC with maximum power. 
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𝐴𝑛𝑛𝑢𝑎𝑙 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑜𝑟 𝐶𝐻𝐶 = (
𝑄𝑐

𝐶𝑂𝑃𝑐
) ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟                     (3) 

 

𝐶𝑂𝑃𝑐 = the cooling efficiency of the heat pump 

𝑄𝑐 = annual cooling needs of the building (kWh) 

emission factor = g𝐶𝑂2/𝑘𝑊ℎ 

Annual emissions = g𝐶𝑂2e 

 

Then the result was multiplied with the emission coefficient for electricity used in Finland 

as can be seen in in equation 3.  This gave the carbon emissions for the heat pumps.  

 

 

Figure 21. Wintertime use of CHC with maximum power. 

 

The DH production CO2 emissions factors used in equation 4 are presented in figure 19. 

When the emissions are given in monthly form the emissions are presented as g𝐶𝑂2. 

 

𝐴𝑛𝑛𝑢𝑎𝑙 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑜𝑟 𝐷𝐻 = 𝑄𝑐 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟                 (4) 

 

𝑄𝑐 = annual cooling needs (kWh) 

emission factor = g𝐶𝑂2/𝑘𝑊ℎ 

Annual emissions = g𝐶𝑂2e 
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7.2 Carbon emissions 2018 

 

The cooling energy need for the year 2018 was 543 650 kWh. The carbon emission factor 

for CHC-system through the electricity used in Finland for year 2018 is 119 g CO2/kWh.  

 

 

Figure 22. The carbon emission comparison between DH and CHC for year 2018. 

 

The emission factor for the year 2018 for the DH was 180 gCO2/kWh. The highest carbon 

emission differences are in May, July and August as presented in figure 22. The highest 

emission peak for DH reached up to 16 256 kgCO2 and for CHC 5118 kgCO2. The highest 

emission values for the year 2018 are in May, July and August. 

 

7.3 Carbon emissions 2019 

 

The cooling energy need for the year 2019 was 449 400 kWh. The carbon emission factor 

for CHC-system through the electricity used in Finland for year 2019 is 101 g CO2/kWh. 

The emission factor for the year 2019 for the DH was 177 g CO2/kWh. 
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Figure 23. The carbon emission comparison between DH and CHC for year 2019. 

 

The year 2019 average emission rate for DH was 6629 kgCO2 and for CHC around 1817 

kgCO2. The highest emission peak for DH reached up to 10 487 kgCO2 and for CHC 2850 

kgCO2. The highest emission values for the year 2019 are in June, July and August as can 

be seen from figure 23. 

 

7.4 Carbon emissions 2020 

 

The carbon emission factor for CHC-system through the electricity used in Finland for year 

2020 is 72 gCO2/kWh. The cooling energy need for the year 2020 was 397 080 kWh. The 

emission factor for the year 2020 for the DH was 173 gCO2/kWh. 
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Figure 24. The carbon emission comparison between DH and CHC for year 2020 

 

The cooling needs for the year 2020 starts from March. The year 2020 average emission rate 

for DH was 5725 kgCO2 and for CHC 1144 kgCO2. The highest emission peak for DH 

reached up to 12511 kgCO2 and for CHC 2480 kgCO2. The highest emission values 

presented in figure 24 for the year 2020 are in June, July and August. 

 

7.5 Optimization of the CHC system 

 

According to the handbook of combined heating, cooling and power (Petchers 2002, 685), 

COP for the CHC system can be calculated by dividing the heat or cooling capacity with the 

electricity input of the CHC system as presented in equation 5.  

 

COP = 
𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝑜𝑟 𝑐𝑜𝑜𝑙𝑖𝑛𝑔 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑖𝑛𝑝𝑢𝑡
      (5) 

 

Heating or cooling capacity = kW 

Electricity input = kW 

 



42 

 

Depending on whether calculating the heating or cooling capacity the COP will be addressed 

as COPh or the COPc.  

 

When looking through variations in the condenser temperatures in figures 25, 26 and 27, 

there is correlation between the COPh and COPc that can be seen through the change of 

electricity input. If the electricity input changes, the result will reflect on the COPc as well 

regardless that the calculation might have been done only for COPh. 

 

 

Figure 25. Wintertime with 300 kW cooling capacity and 80 ℃ condenser temperature with flow rate of 3,5 

kg/S, COPc 2,12 and COPh 3,08. 

 

Therefore, the optimization of the CHC system cannot only be focused solely on the cooling 

capacity for the system as it has to take into account the heating capacity as well in order the 

system to run ideally with highest possible COP both for cooling and heating and with lowest 

electricity input possible for low carbon emission values.  

 

 

Figure 26. Wintertime with 300 kW cooling capacity and 70 ℃ condenser temperature with flow rate of 5,1 

kg/s, COPc 2,35 COPh 3,32. 

 

When the temperature for the condenser outlet changes, so does the flow rate and the heating 

capacity except for evaporator that has a steady flow rate of 16,8 kg/s. With every 10 ℃ rise 

in the condenser temperature, the flow rate decreases, and the heating capacity rises. Heating 
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capacity can be calculated by multiplying the electrical power with known or wanted COPh 

and as this reflects the temperature the COP optimization, it can be seen as correlation to the 

condenser outlet temperature while condenser inlet stays the same. 

 

 

Figure 27. Wintertime with 300 kW cooling capacity and 60-℃ condenser temperature with flow rate of 9,8 

kg/s, COPc 2,61 and COPh 3,57. 

 

The correlation between the COP is between 0,96 to 0,99 with every 10 ℃ rise to the 

condenser outlet temperature when the cooling capacity remains 300 kW, the evaporator 

temperatures stay the same. The condenser outlet temperature changes alongside with the 

heating capacity and the flow rate. 

 

8 COSTS 

 

This chapter introduces tax classes used in Finland, life cycle costs, energy taxes and 

emission trading and presents the results calculated with the data given by the clients.  

 

8.1 Tax classes 

 

There are two different tax classes in Finland, tax class I and tax class II. Tax class prices 

used in this study are from the year 2021, for tax class I the price used is 22,4 €/MWh and 

for tax class II 0,5 €/MWh. A maintenance safety fee of 0,13 €/MWh is added on top of both 

tax classes. The electricity used during DH plant operation belongs under the tax class I, and 

before this year’s governmental decree on heat pumps was done, the heat pumps used 

separately alongside the DH network were also under the tax class I. (AFRY 2021, 18-19)  
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Today heat pumps providing waste heat into the DH network and a heat pump having at least 

0,5 MW of power or a group of heat pumps of at least 0,5 MW of power are now part of tax 

class II. The transition of the heat pumps tax class is hoped to result into a scenario that 

would bring prices down and help heat pumps become more commonly used for cooling. 

(Verohallinto, 2022) 

 

When counting tax class costs for years 2018, 2019 and 2020 using the tax class price 2021, 

it should be recognized that the year 2020 deviates from the earlier years by its starting point. 

The years 2018 and 2019 both start from January and ending in October while the year 2020 

begins from March ending to October making the year to look as it had lower cooling need 

costs when in fact it only reflects the given cooling need timeframe for summertime cooling. 

 

Table 5. The tax class effects on the cooling of the office building if the classes would change for CHC 

(€/MWh). The year 2020 has lower cooling need numbers as the cooling needs were given for a shorter 

period compared to the years 2018 and 2019. (AFRY 2021, 22) 

 

 

 

 

 

 

 

 

 

The change from the tax class I to tax class II creates savings and when calculated using 

equation 6, savings are around 4100 – 5700 euros per year. The calculations on Table 5 were 

done using annual cooling needs as MWh and then multiplied with the 2021 Tax class I and 

II prices including the maintenance fee to demonstrate the differences between the two tax 

classes. 

 

Savings = (Annual cooling needs (MWh) * (annual Tax Class I + maintenance fee)) – 

(Annual cooling needs (MWh) * (annual Tax Class II + maintenance fee))  (6) 
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8.2 Life cycle costs 

 

The life cycle costs (LCC) consist of the purchase price, maintenance costs, annual power 

and energy fees and taxation on the energy production method. DH is maintenance free as 

the CHC system has two years of maintenance free period which after the annual fees are 

constant up until every five years when the overall maintenance checks are done, and the 

costs are therefore higher every five years as can be seen from tables 5 and 6. Other 

maintenance costs were difficult to predict and were not considered in the calculations. 

 

Table 6. Life cycle costs for CHC. 

 

Life cycle costs were calculated by adapting the cost of ownership method (TCO). The 

annual expences contain annual power, energy fees and taxation for both DH and CHC 

system.  

 

Table 7. Life cycle costs for DH and cooling network (DH). 

 

When comparing the two systems with each other, LCC costs are lower for CHC mainly due 

to the lower annual expences as the annual power need and energy fees are lower than the 

DH’s. 
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8.3 Energy taxes 

 

Typically, the cost of energy tax is dependable on the energy source used to produce energy 

and is linked to CO2 emissions thus creating more pressure to move away from using energy 

sources causing higher CO2 emissions as it reflects on the prices. Exception in the past has 

been made for peat as an example from year 2020 when peat had lower energy tax than coal 

even though its CO2 emissions are higher than coals. This was set to prevent abroad coal 

being used as energy source instead of local peat. (VM, 2021)  

 

Table 8. The total tax and energy sums for DH and CHC. 

 

The power tax between 2018 and 2020 is the same for both CHC system and DH. The energy 

tax fee is the same for both CHC system and DH and is multiplied by the annual MWh 

production values. The cooling demand price is different for DH and CHC and is multiplied 

by the annual produced kWh. Price for cooling was chosen as the average between the given 

min and max by Sulpu ry. The energy that heat pump produces is estimated to cost around 

3-6 cents per kWh and for DH the energy cost is 6-15 cents per kWh. (Sulpu, 2021) 
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Figure 28. Annual expense shares for DH system 2018.  

 

During 2018 as seen in figure 28, the DH share of price of the energy is 45% which then 

drops during 2019 to 39% as seen in figure 30 and during 2020 in figure 32 price drops even 

further to 35%. The CHC share of the price of energy drops from 2018’s 11% to 9% during 

2019 and further down to 7 % during 2020 which can be seen in figures 29, 31 and 33. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 29. Annual shares of total expenses for DH system 2018.  
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Overall, the DH expences for tax class I are similar during 2018 and 2019 with 18 % rising 

only with one present in 2020’s to 19%. Tax class prices for CHC drop from 2018’s 21 % 

all the way to 19 % during 2020. For the year 2018, if CHC would have been under the tax 

class II would have consisted only 1 % of total when the tax class I would have taken up to 

21 % from total costs.  

 

 

 

 

 

 

 

 

 

 

 

Figure 30. Annual shares of total expenses for DH system 2019. 

 

The share of the DH energy tax does not vary between the years 2018 and 2020 but the 

energy tax for CHC on the other hand diminishes from 2018’s 26 % to 23% by the end of 

2020. 

 

 

 

 

 

 

 

 

 

 

 

Figure 31. Annual shares of total expenses for CHC system 2019.  
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The power tax for CHC on the other hand grows from 2018’ 41 % to 2019’s 47% all the way 

up to 2020’s 50 % while the power tax rises for DH from 2018’s 16 % all the way up to 

2020’s 24 %. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 32. Annual expenses for DH system 2020.  

 

There are significant differences between CHC tax class I and II variating from 21% to 1% 

and it would be highly beneficial if the class II would be the new class for CHC bringing 

much needed savings. 

 

 

 

  

 

Figure 33. Annual expenses for CHC system 2020.  
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Companies that produce electricity using peat, natural gas and coal have to pay excise duties 

and may have less incentives to use these as energy source. (Suomi, 2021) 

 

8.4 CO2 emissions trading 

 

The emission trading prices is one way to monitor and control how much companies are 

releasing CO2 into the atmosphere and the more companies release emissions, the more the 

companies would have to pay for the produced emissions. The prices seen in table 9 are the 

prices that companies have paid each CO2 ton released into the atmosphere. The trading 

involves companies inside the EU and aim is to make companies evaluate what would be 

more inexpensive for them, keep paying for emissions the companies cause each year or to 

cut back emissions by choosing options that have lower CO2 emissions. (Yle, 2022) 

 

Table 9. CO2 emission reduction stock prices on Finland’s part between 2018 and 2021. (Energiavirasto,2021) 

 

 

 

 

 

 

The paid CO2 / ton trading can be seen in the rise of cost of what costumers pay for products 

or services. The pressure from the stock owners is crucial for companies to make decisions 

whether to choose lower CO2 emission options for the operation of the company or whether 

the customers would be willing to pay more. For 2022 the price for one ton of CO2 has been 

as high as 100 euros. The COVID-19 has had its effect on the rise of the price as economy 

did experience a downshift between 2020 and 2021 and has now shown signs of economic 

recovery which affects the prices quite strongly and also the need to move towards renewable 

energy sources has played its part on the risen prices. The higher the prices are it will reflect 

on product and service prices all around EU and has affected DH prices as well. (Yle, 2022) 
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9 DISCUSSION 

 

When examining the cooling need of the office building and the outside temperatures 

surrounding the building, a direct correlation between the cooling needs, highest and lowest 

outside temperatures can be found indicating that the thermal insulation of the building is 

not enough to keep the higher summer temperatures outside the building.  

 

The nightly temperatures under 10 ℃ explain why there is only little fluctuation in the 

cooling needs when the daily temperatures reach up to 20 ℃, this combination of the daily 

and nightly temperatures are not yet enough to store the heat into the office building that 

would then affect the cooling needs. When the nightly temperatures go beyond 10 ℃ during 

May, there is spike in the cooling needs when the highest daily temperatures are around 26-

27 ℃.  

 

The combination of both the nightly and the daytime temperatures are affecting the cooling 

needs of an office building that go beyond the anthropologic effect when the nightly daily 

temperature exceeds 10 ℃ and the daily temperature exceeds 15-17 ℃.  

 

When comparing total costs in the long run between CHC and DH, CHC had the lower 

values based on the efficiency of the system that has to do with COP that DH does not have 

without the CHC system. AFRY has estimated the tax classes to be around 10 to 20 % of the 

total costs of CHC, when calculating with tax class II the difference seems to be only around 

1% while the tax class I was around the promised 20 %. (AFRY 2021, 22) Also, the CO2 

emissions were lower for CHC system than for DH mostly due to the CHC systems lower 

CO2 emission factor compared to DH’s emission factor. 

 

The cheapest way to cut back CO2 emissions is to lower electricity consumption, produce 

energy by using sources with low CO2 emission factors and use technology that creates 

emission savings during energy production. Office buildings should use shading methods to 

decrease the direct sunlight entering the building and the amount of heat stored into the 

building structures in order to cut back on the cooling’s electricity needs. Planting trees and 

vegetation to street level around the building should be considered to provide some cover 
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from direct sunlight and provide additional cooling through evaporation through the plants 

around the building. 

 

Considering materials heat capacity first, could open new perspectives in choosing materials 

inside the building that have high heat capacity factor making the material resistant to 

changes in temperatures also inside the building not just inside insulations or around the 

building’s envelope. This would help to reduce the heat load inside buildings also from the 

anthropological side where lighting, radiators and people heat up the building from the inside 

during winters. 

 

Climate friendly energy mixes are needed while the electricity consumption of the office 

building needs to be cut back along with increasing the use of heat pumps which should be 

considered widely.  

 

10 SUMMARY 

 

Circulating and using water that has been cooled by the CHC system, lessens carbon dioxide 

emissions through gathering of the waste heat compared to a situation where waste heat 

would not be utilized. The CHC systems CO2 emissions are proportional to the energy 

sources emission factors it uses to produce cooling. 

 

The current energy political situation affects the energy prices and may also reflect on some 

of the emission factors in the event where the used electricity sources are not available and 

other energy sources that might have higher emissions factors are forced to be used instead. 

This will determine the emission factors for DH and electricity consumed or produced in 

Finland through other methods. Through this the decline of the emission factors may not be 

something that could be relied upon, as the emission factor used for heat pumps is the 

electricity consumed in Finland that is comprised of multiple factors.  

 

Even though the price of electricity would rise, choosing the energy production method that 

produces the least amount of carbon emissions thus creating savings per each ton of CO2 

produced combined with lower tax classes would provide savings.  The carbon footprint 
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emissions result in equal pays to emission tons no matter how the emissions were originally 

produced. The most sensible way to move forward is to cut back energy consumption and 

cooling needs by doing preventative work that diminishes the heat and direct sunlight 

entering buildings and also gather the waste heat within the buildings for further uses that 

might help save electricity inside the building. CHC system has benefits through the COP 

involved when compared to the DH. 

 

Companies, as clients, want to diminish their own carbon emissions and start to rely more 

on own renewable energy production, moving away from centralized energy towards 

distributed and more flexible energy systems. There is still high demand for a system that 

can connect all these systems together gathering the excess waste heat to a storage or for 

direct use. This can be seen as carbon savings through savings both in energy and cost as the 

gathered waste heat is utilized. 

 

The predictions for higher temperatures during spring, summer and fall will show as further 

rise in cooling needs, electricity demands and in higher CO2 emissions also in Finland. The 

impact of outside temperature to the cooling needs of a building is at its greatest when the 

difference between the highest daytime temperature and nighttime temperature is small. 

 

The optimization of the CHC system requires further studies as there is a correlation between 

the condenser outlet temperatures, heating capacity and the flow rate that go beyond the 

scope of this study. Further studies are also required to find out how much office buildings 

office spaces play a part in the heating of the building through different specific heat 

capacities of different material used and how much UV window films, or shades might drop 

inside temperature of a building by blocking the infrared radiation from being absorbed into 

the office building structures as heat. 

 

The electricity companies’ cooling services and materials ability to store heat could in the 

future be combined as a service to store heat on the southside of the building to produce 

energy from waste heat in a controlled way and be used solely for the building’s own 

electricity production and or cooling purposes. 
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Diminishing cooling’s carbon footprint is not only about the efficiency of the cooling 

system, but also about the carbon footprint that increases along with the cooling demand of 

the building and the overall impact of it on climate change. The collective carbon footprint 

of office buildings is likely to exacerbate climate change if nothing is being done to reduce 

the carbon footprint as the collective cooling demand increases. 

 

Industrial heat pumps are valid option to answer growing cooling needs inside the cities, 

both in office and in large apartment buildings as distributed basement systems connected to 

the DH network both benefit and complete the other. 
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