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Kaukolämpölämmitteisen asuinkerrostalon tilanlämmitys- ja käyttövesijärjestelmien läm-

pöhäviöt voivat olla jopa 50 % lämmitysjärjestelmien kuluttamasta kokonaisenergiasta. 

Lämpimän käyttöveden kiertoputken lämpöhäviöt voivat puolestaan olla yhtä suuret kuin 

lämpimän käyttöveden lämmittämiseen kuluva energia. Lämpöhäviöt eivät ainoastaan ai-

heuta asuinkerrostalon asunnoissa ylimääräisiä sisäisiä lämpökuormia jäähdytystarvetta li-

säten vaan lisäävät siten myös rakennuksen energiankulutusta ja siten kasvihuonekaasupääs-

töjä. Tässä diplomityössä kehitettävä Asennustekniikka Katajisto Oy:n patentoiman hajau-

tetun talotekninen järjestelmän tavoitteena on minimoida lämpöhäviöt, yksinkertaistaa put-

kiasennuksia, vähentää energiankulutusta, parantaa rakennuksen energiatehokkuutta ja 

muuntaa asuinkerrostalot lähes nollaenergiataloiksi järjestelmän käyttöönoton myötä 



linjasaneerauksen yhteydessä. Hajautettu talotekninen järjestelmä sisältää aurinkosähkö-, 

energiavarasto- ja energiavaraajajärjestelmät sekä älykkäät ohjauslaitteet, ohjausalgoritmin 

ja tiedonkeruulaitteet tietokantoineen. Hajautettu järjestelmä on yhdenmukainen EU:n hiili-

neutraalin rakennuskannan ja ilmastotavoitteiden suhteen. Diplomityön tavoitteena on ke-

hittää hajautettua asuinkerrostalon taloteknistä järjestelmää sen suojausvaatimusten rajoissa 

sekä tutkia järjestelmän potentiaalia dynaamisella IDA ICE-simulointiohjelmalla suoritettu-

jen energiasimulointien myötä. Kolme skenaariota, joille energiasimuloinnit suoritetaan, 

ovat linjasaneeraamaton keskitetty järjestelmä, linjasaneerattu keskitetty järjestelmä ja lin-

jasaneerattu hajautettu järjestelmä. Lisäksi rakennusten E-luvut, elinkaarikustannukset, ko-

konaisenergiantarpeet, CO2-päästötasot, linjasaneerauskustannukset ja takaisinmaksuajat 

selvitetään. Lopuksi tuloksille suoritetaan vertailu ja herkkyysanalyysit.  

 

Työn tulosten mukaan hajautetulla taloteknisellä järjestelmällä on kyky vähentää rakennuk-

sen vuotuista energiankulutusta keskimäärin 53,8 % ja CO2-päästöjä keskimäärin 48,2 % 

keskitettyyn järjestelmään verrattuna. Toisaalta rakennusten E-luvut pysyivät melko muut-

tumattomina. Hajautetun järjestelmän elinkaarikustannukset olivat 7 % enemmän kuin kes-

kitetyn järjestelmän elinkaarikustannukset. Hajautetun järjestelmän takaisinmaksuaika 3 % 

korkotekijällä ilman rahallista avustusta oli 30 vuotta, kun taas keskitetyn järjestelmän ta-

kaisinmaksuaika on 19 vuotta. Linjasaneerauksen yhteydessä asennettavalla hajautetulla ta-

loteknisellä järjestelmällä on hyvä potentiaali vähentää energiankulutusta ja CO2-päästöta-

soja keskitettyyn linjasaneeraukseen verrattuna, vaikka hajautettu järjestelmä ei yksistään 

mahdollista linjasaneerattavien asuinkerrostalojen muuntamisen lähes nollaenergiataloiksi. 

Kuitenkin hajautetun järjestelmän absoluuttinen vuosittainen energiankulutus oli keskimää-

rin 18,5 % pienempi kuin vastaavan rakennuksen lähes nollaenergiatalon kulutustaso. Ha-

jautettua taloteknistä järjestelmää voidaan tulosten perusteella pitää energiankulutuksen ja 

kestävän kehityksen kannalta keskitettyä järjestelmää parempana vaihtoehtona, jos ostosäh-

kön CO2-päästötaso on kaukolämmön CO2-päästötasoa pienempi. Hajautettu järjestelmä ei 

tutkimuksen mukaan vielä ole kustannustehokkaampi kuin perinteinen keskitetyn järjestel-

män linjasaneeraus, koska laskennallisen E-luvun vähäinen muutos ei nykyisellään oikeuta 

takaisinmaksuaikaa lyhentävään energia-avustukseen. Olisi hyvä suorittaa lisätutkimuksia 

niin hajautetun taloteknisen järjestelmän käytännön testauksesta kuin siitä, mitä pitäisi jat-

kokehittää, jotta asuinkerrostalon lähes nollaenergiatalon tavoitetaso saavutettaisiin. 
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The heat losses of hydronic space heating and domestic hot water (DHW) systems of the 

centralized apartment building utility model can be as high as 50 % of the total energy need 

of the systems. The centralized utility model is based on district heating. The heat losses of 

the DHW circulation pipes can be as high as the energy need of DHW production. Heat 

losses not only cause additional internal heat gains in apartment buildings but also increase 

energy consumption, the need for cooling, and greenhouse gas (GHG) emissions. The de-

centralized apartment building domestic hot water utility model protected by Asen-

nustekniikka Katajisto Oy and developed in this Master’s thesis aims to minimize heat 

losses, simplify pipe structures and installations, decrease energy consumption, improve en-

ergy-efficiency and convert apartment buildings into nearly zero-energy buildings (NZEBs) 

through the commissioning of the decentralized utility model in pipe repair renovation. The  



decentralized apartment building utility model contains solar photovoltaic, energy storage, 

and energy accumulator systems as well as smart control devices, an algorithm for optimal 

operation and data collection, and storage devices. The decentralized utility model is in ac-

cordance with the carbon-neutral building stock and climate goals of the EU.  

 

This Master’s thesis aims to develop the decentralized apartment building utility model 

within its protective demands and research its potential through the building energy simula-

tions conducted in the IDA ICE dynamic building simulation software. Energy simulations 

are conducted for the case buildings selected by Asennustekniikka Katajisto Oy. Simulations 

include three scenarios, which are the existing centralized utility model, pipe repair reno-

vated centralized utility model, and the pipe repaired decentralized utility model. In addition 

to E value calculations, total energy consumption, the life cycle costs, CO2 emission levels, 

renovation costs, and payback times of each scenario are conducted. Sensitivity analysis of 

the results are conducted as well.  

 

According to the results, the decentralized apartment building utility model has the capabil-

ity of reducing annual energy consumption by 53,8 % and CO2 emissions by 48,2 % on 

average compared to the centralized utility model. However, E-values changed little or none, 

and the total life cycle cost of the decentralized utility model was 7 % more than that of the 

pipe repair renovated centralized utility model. Respectively, payback times were 30 and 19 

years at the interest rate of 3% without any monetary support. In the end, the decentralized 

utility model commissioned in pipe repair renovation has a high potential to reduce build-

ings’ energy consumptions and CO2 emissions compared to the centralized utility model, 

although the decentralized utility model was not enough to convert apartment buildings into 

NZEBs alone. Nonetheless, the absolute annual energy consumption of the decentralized 

utility model was 18,5 % below the NZEB energy consumption level of the same building. 

The decentralized apartment building utility model can be considered as the better option 

from the sustainability and climate goals point of view if the CO2 emission level of electricity 

production is less than that of district heating production. However, the decentralized utility 

model might not be the better option from the economical point of view yet. Future re-

searches should be focused on the testing of the decentralized utility model in practice as 

well as on what should be developed more for the decentralized utility model to fulfill the 

NZEB criteria of apartment buildings. 
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1 INTRODUCTION  

 

40 % of the European Union (EU) energy consumption consists of the primary energy con-

sumption of the building stock, one of the most significant producers of greenhouse gas 

(GHG) emissions in the EU. Due to an expected increase in the construction of the building 

stock in the future, the share of CO2 emissions of the building stock is estimated to be 36 % 

of the total GHG emissions of the EU in the year 2050 if the energy efficiency of building 

stock was not improved. (European Directive, 30 May 2018/844/EU; European Directive, 

19 May 2010/31/EU recast.)  Nowadays, 75 % of the building stock in the EU is inefficient 

due to which a major part of the primary energy of buildings is lost through heat and energy 

losses (European Recommendations, 29 July 2016/1318/EU, article 1). Enhancing the en-

ergy efficiency of both existing and new buildings through development and design, is con-

sidered to be the most significant way to meet the goal of decreasing the amount of GHG 

emissions by from 80 % to 95 % compared to the level of that in the year 1990 (European 

Directive, 25 October 2012/27/EU, article 17). Improving the energy efficiency of the build-

ing stock is one part of the goal of the EU to create a sustainable and carbon-neutral energy 

system by the year 2050. (European Directive, 30 May 2018/844/EU, article 6). Renovation 

of the building stock would decrease the total primary energy consumption of the EU by 

from 5 % to 6 %, and the CO2 emissions would decrease by 5 % by the year 2050 (European 

Recommendations, 29 July 2016/1318, article 1). Included in the year 2050 goal, the EU´s 

strategic goal of climate strategy 2030 (2018/2002/EU) is to create an increase of 32.5 % in 

overall energy efficiency and the total share of 32 % of renewable energy use in total energy 

end-use (Komission suositus, 8 toukokuuta 2019/786/EU, artikla 1). 

 

For the EU to meet its long-term goals of carbon-neutral and energy-efficient building stock, 

national energy efficiency strategies concerning building stock should be created following 

the related directives in each member state (European Directive, 30 May 2018/844/EU). The 

improvement of energy efficiency and the decrease of energy consumption are major ways 

to decrease GHG emissions caused by the energy consumption of buildings (European Di-

rective 2012/27/EU).  The Member States should create and implement national strategies 

that aim to increase the number of almost zero-energy buildings (NZEBs) in society’s build-

ing stock (European Directive 2010/31/EU, 19 May article 1, subarticle 2d). In subarticle 1 

of article 9 in the 2010/31/EU Directive (European Directive, 19 May 2010/31/EU), it is 
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stated that buildings constructed after the 31st of December 2020 should fulfill the criteria of 

NZEBs.  

 

In national energy efficiency strategies, building stock information needs to be updated, ap-

plicable and cost-effective deep renovation methods should be researched, the legislation of 

member states should be updated to promote energy-efficient and cost-effective renovation 

and design of building stock. Furthermore, the amount of energy savings in buildings and 

other benefits achieved due to these implemented actions should be estimated. On top of 

this, guidelines for shareholders such as construction companies and institutions should be 

created and given. (European Directive 2012/27/EU, article 4.) National strategies should 

also include the procedures of converting existing building stock utilizing deep renovation, 

or major renovation, in such a way that the goals and definition of NZEBs were fulfilled 

after renovation. (European Directive, 30 May 2018/844/EU).   

 

The energy performance of both existing and new buildings should meet the minimum en-

ergy efficiency requirements that have been adjusted to the local climate conditions and set 

in a Member State’s national energy efficiency strategy (European Directive, 19 May 

2010/31/EU). Minimum energy efficiency requirements should be considered for buildings 

to be renovated and built, building envelope parts that have a significant effect on the energy 

efficiency of building stock, and the technical building systems of building stock. (European 

Directive, 19 May 2010/31/EU, article 1, subarticle 2c). Such technical building systems 

include the heating, air conditioning, cooling, domestic hot water heating, ventilation, and 

lighting systems of buildings (European Directive 2010/31/EU, article 2, subarticle 3). The 

Member States should also take the possibilities, integration, and development of decentral-

ized renewable energy production, co-production, heat pump systems as well as district heat-

ing and cooling systems into account in the fulfilling of the primary energy demand and 

requirements of the energy performance of building stock in the future (European Directive 

2010/31/EU, article 6, subarticle 1).  

 

Nowadays, the suitability, utilization, and successful integration of exhaust air heat pumps 

(EAHPs) into an apartment building technical building system to optimize both its energy 

consumption and heat recovery are not known well enough yet. More research on this topic 

needs to be conducted. On top of this, more research on the energy bank concept and the 
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development and utilization of the hybrid utility model of an apartment building should be 

conducted. From the buildings to be renovated point of view, the pros and cons of major 

renovation strategy aiming to implement a decentralized utility model improving the energy 

performance of a building and lowering the risks related to apartment building domestic hot 

water system would need to be researched more. Nevertheless, the need for developing en-

ergy storage systems and the energy efficiency and decarbonization of building stock are 

known public trends.  

 

To thoroughly research the topics previously mentioned, and to compare results, the most 

suitable indicators for measurements should be selected. These could, for example, be the 

E-values, life cycle costs, and the carbon dioxide emission levels of the specific solutions 

and buildings under study.  

 

The aims of this master’s thesis are  

1. To develop the building service technology protected by Asennustekniikka Katajisto 

Oy within its limits in such way that an apartment building would be converted from 

an energy consumer into an energy bank and fulfill the energy requirements of an 

almost zero-energy building.   

a. To create a decentralized apartment building utility model.  

b. To minimize or eliminate the heat losses of the current centralized building 

utility system and to minimize the heat gain of a building by developing a 

decentralized system according to the patent.  

c. To create an initial integration of solar photovoltaic-, energy storage-, and 

water heating systems into the building utility model protected by Asen-

nustekniikka Katajisto Oy.  

2. To conduct a literature research on how to transfer electricity inside the boundaries 

of an energy community 

3. To research the legislative possibilities of implementing and developing of energy 

communities and built environments that utilize the protected building utility model 

in Finland and Germany.  

 

In the second main chapter of this master’s thesis, the focus is on the centralized apartment 

building domestic hot water system. In the third and fourth main chapters, the focus is on 
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the renovation need of Finnish apartment buildings and pipe repair renovation in terms of 

what is required to do before, during, and after as well as what is included. In the fifth main 

chapter, the focus is on the energy efficiency and related legislation as well as on the motives 

behind the goals of improving building stock’s energy efficiency in the EU. In the sixth main 

chapter, the focus is on energy communities. In the seventh main chapter of this master’s 

thesis, the comparison between the centralized and decentralized apartment building utility 

models are conducted as the case part of the thesis. In the eight and nineth main chapters of 

the master’s thesis, the results are presented and analyzed. In the tenth main chapter, the 

potential of the decentralized apartment buildings domestic hot water utility model is dis-

cussed.  
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2 FINNISH APARTMENT BUILDINGS’ DOMESTIC HOT WATER 

SYSTEM  

 

District heating (DH) represented the share of 86,25 % of all apartment buildings’ space 

heating options used in the year 2018 (Tilastokeskus 2019; Rakennustieto Oy 2015, 68). 

Other space heating and DHW production option were boilers, heat pumps, and electric wa-

ter heaters (Seppänen and Seppänen 1996, 215). The deviation of the heat sources of resi-

dential buildings is presented in table 1 below. The energy consumption of DHW production 

of residential buildings was not categorized by building type and heat source in the public 

data offered by the StatFin (Tilastokeskus) database.  

 

Table 1. The energy sources and consumption of Finnish residential building stock in year 2018 (Tilastokeskus 

2019, 9). 

Source of  

Energy 

Heat 

energy  

[GWh] 

 

Share  

[%] 

Space 

heating 

[GWh] 

Space 

heating  

[GWh] 

 

Share 

[%] 

DHW 

heating 

[GWh] 

 

Share 

[%] 

Building type Residential Residential Residential Apartment Apartment Residential 

Wood (boiler) 14 554,00 22,16 10 963,00 43,00 0,40 434,00 4,35 

Peat (Boiler) 52,00 0,08 27,00 3,00 0,03 14,00 0,14 

Coal (Boiler) 2,00 0,003 1,00 - - - - 

HFO (Boiler) 31,00 0,05 22,00 22,00 0,20 9,00 0,09 

LFO (Boiler) 3 252,00 4,95 2 570,00 264,00 2,43 635,00 6,36 

Natural Gas 

(Boiler) 
359,00 0,55 220,00 116,00 1,07 59,00 0,59 

Heat Pumps 5 970,00 9,09 4 853,00 96,00 0,88 845,00 8,47 

DH 18 726,00 28,51 13 232,00 9 365,00 86,25 5 491,00 55,04 

Electricity 22 731,00 34,61 9 996,00 949,00 8,74 2 490,00 24,96 

Total 65 677,00 100,00 41 884,00 10 858,00 100,00 9 977,00 100,00 
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2.1 System Description 

 

An apartment building’s domestic water system is connected to a public municipal water 

distribution network through a site-specific cold-water supply line. The water supply line is 

equipped with a shut-off valve and is usually divided into building-specific supply lines con-

nected to the basement of a building. The supply line is equipped with a water flow meter 

for the measurement of water consumption. After passing the flow meter, cold supply water 

is distributed into individual water fixtures and appliances through distribution and connec-

tion domestic water pipes located inside the building. (Seppänen and Seppänen 1996, 211, 

212.) DHW produced from cold supply water by a heat source is distributed to indoor water 

fixtures and appliances through DHW distribution and connection pipes that are separated 

from cold domestic water (DCW) pipes (Rakennustieto Oy 2015, 69, 74, 75). Domestic wa-

ter pipes include cold, warm, and DHW circulation pipes. (Rakennustieto Oy 2015, 74). The 

circulation DHW pipe brings unused DHW from the apartments back to the DHW heater or 

heat exchanger to be reheated (Seppänen and Seppänen 1996, 212, 216). A simplified do-

mestic water system of an apartment building is presented in figure 1. 

 

 

 

Figure 1. Simplified process chart of a centralized domestic water system. (Seppänen & Seppänen 1996, 212; 

Rakennustieto Oy 2015, 74) 
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Descriptions of figure 1:  

 1. Municipal water network 9. DCW connection pipe 

 2. Site-specific shut-off valve 10. Water point 

 3. Building-specific shut-off valve 11. DHW circulation pipe 

 4. Flow meter  12. Municipal DH inlet pipe 

 5. DHW heat exchanger (and a CHDS) 13. Municipal DH outlet pipe 

 6. DCW circulation pump  14. Building-specific water line 

 7. DHW circulation pump  15. DHW distribution pipe 

 8. DCW distribution pipe  16. DHW connection pipe 

 

The pipes inside a raising shaft are cold domestic water pipe (1), sewage pipe (2), hot do-

mestic water distribution pipe (3), hot domestic water circulation pipe (4), and the inspection 

and maintenance gate (5) as presented in figure 2 (Seppänen and Seppänen 1996, 217).  

 

Figure 2. Pipes inside a vertical raising shaft. (Seppänen and Seppänen 1996) 

 

2.1.1 EN Standards of Domestic Water System  

 

EN standards of the domestic water system are presented in table 2. The related European 

standards (EN standards) created by the European Committee of Standardization (CEN) 

have been integrated into national standards, and contradictive national standards have been 

updated.   
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Table 2. EN standards for the domestic water systems of buildings. (EN 806-1) 

Code of Standard Name of Standard Published 

EN 806-1  Specifications for installations inside buildings conveying for human 

consumption. Part 1: General 
23/4/2001 

EN 806-2 Specifications for installations inside buildings conveying for human 

consumption. Part 2: Design 
5/9/2005 

EN 806-3 Specifications for installations inside buildings conveying for human 

consumption. Part 3: Pipe sizing 
6/11/2006 

EN 806-4 Specifications for installations inside buildings conveying for human 

consumption. Part 4: Installation 
6/9/2010 

EN 806-5 Specifications for installations inside buildings conveying for human 

consumption. Part 5: Operation and maintenance 
5/3/2013 

EN 1487- EN 1491 For domestic hot water system  

 

2.1.2 Pipe Routing 

In general, vertical domestic water pipes distributing water into the floors of a building have 

been and should be installed into the building’s raising shafts. Depending on the building, 

one or more raising shafts can exist if needed. From the raising shafts, horizontal distribution 

and connection pipes are installed by following the straightest and shortest path possible, in 

accordance with related regulations, to the water points. The DHW circulation pipe is in-

stalled into the raising shafts. (Rakennustieto Oy 2015, 75, 76.) Domestic water pipes and 

devices must be designed and installed in such a way that they are easy to be inspected and 

repaired (Ympäristöministeriön asetus rakennusten vesi- ja viemärilaitteistöistä 2018, 

section 13). During the ’70s and ‘80s, it was a common practice to connect heat radiators 

and floor heating piping into the DHW circulation pipe, but nowadays, such a practice is 

prohibited. Only radiators with a power of 200 W or less per room and used for drying are 

allowed to be installed and connected to the DHW circulation pipes (Rakennustieto Oy 2015, 

75; D1 Suomen rakentamismääräyskokoelma 2007, 8, 9). Domestic water pipe routing and 

installation must be done in accordance with the criteria of the Finnish national building 

standards RakMK C1, C2, and D1 in terms of maintenance, inspection, design, installation, 

and repair (LVI 20-10348:2004, 1, 2, 3). Installation and routing of domestic water pipes are 

further determined by LVI cards 12-10370, 12-10327, 12-10330, and 20-10328. Through-

hole installations of domestic water pipes are determined by LVI card 12-10217. (LVI 20-

10348:2004, 2, 3.) RT 84-10818, LVI 20-10348, and LVI 12-10370 give further guidelines 
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concerning domestic water pipe installation (RT 84-11093:2012, 11). The demands of the 

Finnish national building standard RakMK E1 should be notified in the selection of the ther-

mal isolation materials of domestic water pipes (D1 Suomen rakentamismääräyskokoelma 

2007, 9). The sizing of domestic water pipes is done by following the principles of the ap-

pendix 2 of the national building standard RakMK D1, and the designing of pipes is done by 

following the principles of the appendix 3 of the national building standard RakMK D1 (D1 

Suomen rakentamismääräyskokoelma 2007, 33, 44). According to the national building 

standard RakMK D1, there are seven ways by which domestic water pipes can be installed. 

Depending on the situation, pipes can be installed on the wall surface, inside a protective 

installation tube, inside a raising shaft or a portable installation module, inside a suspended 

inner ceiling or plate, inside wall structures (buried laying), inside the subfloor space, or into 

the ground. (D1 Suomen rakentamismääräyskokoelma 2007, 11.) 

2.1.3 Pipe Materials  

Since the 1970s, the most common material used in apartment buildings’ domestic water 

systems has been copper. In some cases, plastic materials such as polyethylene (PE-X) and 

polybutene (PB) have been used. (Rakennustieto Oy 2006, 230) According to the national 

building standard RakMK D1, the accepted materials to be used in domestic water piping 

are copper, stainless steel, and different types of plastics, as presented in table 3 below.  

Table 3. The standards and accepted materials of domestic water pipes. (D1 Suomen 

rakentamismääräyskokoelma 2007)  

Material Additional Information Description 

Stainless Steel EN 1.4401 

AISI 316 

Stainless steel 

Acid-resistant stainless steel 

Copper EN 1057 

ISO 2016: 1981 

7,5 < pH > 9,0 

EN 1400, EN 29453 

Standard for copper pipes 

Standard for welding 

pH value for domestic water 

Standards for welding 

Plastics 

• PE 

• PE-X 

• PP 

• Multilayer pipes  

 

EN 12201-1, EN 12201-2 

EN ISO 15875-1, EN ISO 15875-2 

EN ISO 15874-1, EN ISO 15874-2 

EN ISO 21003-1 - EN ISO 21003-5 

 

Standards for PE pipes 

Standards for PE-X pipes 

Standards for PP pipes 

Standards for multilayer pipes 
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2.2 Domestic Hot Water Requirements 

 

The temperature of DHW should not exceed the maximum temperature of 65 ̊C at any point 

under any circumstances. The maximum value of 65  ̊C has been set not to cause user dam-

ages resulting from high temperatures. (Seppänen and Seppänen 1996, 213; D1 Suomen 

rakentamismääräyskokoelma 2007, 9.) The minimum value of 55  ̊C has been set to limit the 

spreading of legionella bacteria in the DHW system (Seppänen and Seppänen 1996, 213; D1 

Suomen rakentamismääräyskokoelma 2007, 8). Continuous circulation of DHW does not 

only prevent the temperature of the water from decreasing below the 55  ̊C and decrease the 

ten second-waiting-time of domestic hot water but also prevent harmful bacteria from grow-

ing inside the system if the temperature is kept above 55  ̊C (Seppänen and Seppänen 1996, 

213). Stopping of a DHW circulation pump during the use of the system is prohibited. DHW 

temperature should not be less than 50  ̊C in any part of the system under any situation. 

(Rakennustieto Oy and Rakennustietosäätiö RTS sr 2007, 6.)  

 

2.3 Domestic Hot Water Production by District Heat 

 

District heating based central heating distribution system with combined DHW production 

and circulation pumps has been the most common heating and DHW production method 

used in residential apartment buildings from the 1960s to the 2000s. However, heating boil-

ers have been utilized to some extent as well. (Rakennustieto Oy 2006, 10, 11, 181, 230, 

2015, 68.) In 2018, DH represented the share of 87 % of all the heating methods used resi-

dential apartment buildings (Tilastokeskus 2019, 9). Part of the cold supply water is distrib-

uted to the domestic hot water (DHW) heat exchanger attached to the central heating distri-

bution station to be heated (Rakennustieto Oy 2015, 74, 75). The DHW circulation pipe 

brings unused and cooled DHW from the apartments back to the DHW heater to be reheated 

(Seppänen and Seppänen 1996, 212, 216).  
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2.3.1 Central Heating Distribution Station (CHDS) 

A central heating distribution station contains district heating pipes connected to the munic-

ipal district heating (DH) network, heat exchangers, circulation pumps, safety equipment, as 

well as the required measuring systems, valves, and pipes (Rakennustieto Oy 2015, 69). A 

central heating distribution station (CHDS) is usually equipped with two separate heat ex-

changers. The first heat exchanger is used for domestic hot water production, and the second 

one is used for heating water production. (Rakennustieto Oy 2015, 18, 74)  Heating water is 

used both in ventilation and heating systems (Rakennustieto Oy and Rakennustietosäätiö 

RTS sr 2007, 35). The process chart of a central heating distribution station containing sep-

arate heat exchangers for space heating, ventilation, and domestic hot water systems is pre-

sented in figure 3. Heat exchangers transfer heat energy from the district heating water taken 

from the municipal district heating network and flowing through the distribution station. 

(Figure 3.) 

Descriptions of figure 3: 

1. Outdoor thermostat   10. Heating system control valve 

2. Control center   11. Expansion tank 

3. Detection sensor   12. Heating water system 

4. DHW heat exchanger   13. DCW inlet pipe for DHW 

5. DHW circulation pump   14. DH outlet pipe and control valve 

6. DHW control valve   15. DHW circulation pipe 

7. Heating water system summer shut-off valve 16. DHW distribution pipe 

8. Heating water heat exchanger  17. DH inlet pipe and control valve 

9. Heating water pump   18. Heating water control valve 

Figure 3. A central heating distribution station (CHDS) process chart. (LVI 10-10398:2006, 3, 5)  
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A manufactured CHDS is equipped with all required devices such as heat exchangers, con-

trol devices, circulation water pumps, expansion and safety devices, piping, valves, and de-

tection devices by the manufacturer. A CHDS is delivered by the manufacturer and installed 

by an HVAC company, which means that the customer in question is neither responsible for 

the delivery nor ensuring that every required device is included. CHDSs and district heat 

heating systems are defined by K1/2013 District heating of buildings (Rakennustieto Oy and 

Rakennustietosäätiö RTS sr 2007, 4, 8.) A standard CHDS delivery package is always 

equipped with all the required standard pipes and devices. Required control valves, ther-

mometers, and motors are included as well. Also, the control center and devices to be at-

tached to the automation and inspection systems are included in the package. A central con-

trol unit of circulation water pumps and control devices capable of being attached to the 

estate’s electrical network is included as well. Use and maintenance instructions containing 

the process chart and manual of the CHDS unit are included. (Energiateollisuus Ry 2014, 

37, 38, 39.)  

 

2.4 Domestic Hot Water Production by Boiler  

 

The fuel used in a boiler can be either light fuel oil (LFO), heavy fuel oil (HFO), natural gas 

(NG or LNG), or solid fuel (SF) depending on the type of fuel available and boiler used. The 

boilers’technology varies depending on the fuel but the main principle of heating DHW by 

utilizing the heat generated in the boiler remains the same. (Rakennustieto Oy and 

Rakennustietosäätiö RTS sr 2007, 9, 10, 11.)  

 

2.4.1 Oil Boiler 

 

Apartment buildings heated by oil represents the share of 8 % of the total amount of build-

ings heated by oil in Finland (LVI 11-10394:2005, 1, 5).  From residential buildings’ point 

of view, HFO is only used in apartment buildings, whereas LFO is used in all types of resi-

dential buildings, as shown in table 1. The specific amount of LFO used for DHW heating 

in apartment buildings is unknown. (Tilastokeskus 2019, 9.) LFO is pumped from an under-

ground storage tank and burnt in the boiler. The fire chamber of the oil boiler is surrounded 

by a water tank where water is heated. DHW can be heated either in a water tank or in a 

separate external heat exchanger or water heater. (LVI 11-10394:2005, 5.) Oil boilers are 
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commonly made of either steel or cast iron. A DHW heater inside a small-scale steel-plate 

heating boiler is used for DHW production at small output powers, but a large-scale steel-

plate heating boiler does not include an internal DHW heater. In such a case, either a separate 

external DHW heater or a heat exchanger is required. In the case of a cast-iron heating boiler, 

an external DHW heater or heat exchanger is always needed. (LVI 11-10394:2005, 8.) In an 

external heater or heat exchanger, DHW is heated by utilizing the heat of hot water taken 

from the boiler water tank used for heating water production (LVI 11-10394:2005, 9). The 

maximum operating temperature of water inside an oil boiler is usually 120  ̊C 

(Rakennustieto Oy and Rakennustietosäätiö RTS sr 2007, 68). From the technical point of 

view, the boiler solutions used for HFO utilization are the same as that of LFO with the 

exception of HFO pre-treatment devices. Figure 4 presents a standard oil boiler system. (LVI 

11-10394:2005, 5.) 

 

 

 

 

 

 

Figure 4. Oil boiler system without a separate external DHW heater. (LVI 10-10397, 5) 
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Descriptions of figure 4:  

 1. Oil tank feed pipe  11. Expansion tank 

 2. Oil tank ventilation pipe  12. DCW distribution pipe 

 3. Underground oil storage tank 13. DHW distribution pipe 

 4. Oil feed pipe  14. DHW circulation pipe 

 5. Oil burner   15. Heating water distribution pipe 

 6. Oil boiler and fire chamber 16. Heating water return pipe 

 7. Boiler water tank  17. Heating water circulation pump 

 8. Building-specific water supply pipe 18. DHW circulation pump 

 9. DHW heating system  19. Chimney 

 10. Heating water heating system 

 

2.4.2 Natural Gas Boiler 

 

Natural gas (NG) is mostly used in the industry and combined heat and power (CHP) pro-

duction, but it can also be used in residential buildings’ central heating systems. NG contains 

98 % of methane, 1 % of ethane, and 1 % of other gases. (LVI 62-10463:2011, 1, 2.) The 

amount of natural gas used for apartment building space heating in the year 2018 was equal 

to 116 GWh, which was equal to the share of 1,07 % of apartment buildings’ space heating 

energy demand. The amount of NG used for DHW production in apartment buildings is 

Figure 5.  A natural gas boiler system after replacing an oil burner with a natural gas burner. 

(LVI 62-104 63, 2011; KH 23-00465, 2010; LVI 11-10394: 2005) 
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unknown. From the DHW production of all residential buildings, NG consumption was 59 

GWh, which is equal to the share of 0,59 % of all residential buildings’ DHW energy demand 

in year 2018. (Tilastokeskus 2019, 9.)  

 

Descriptions of figure 5:  

 1. NG distribution pipe  15. Boiler water tank 

 2. Connection pipe  16. Expansion tank 

 3. The main shut-off valve  17. Heating water heating system 

 4. Protective casing and marking plate 18. DHW heat exchanger 

 5. Protective through-hole casing 19. DHW circulation pump 

 6. Shut-off valve  20. DHW distribution pipe 

 7. Gas filter   21. DHW circulation pipe 

 8. Pressure control equipment 22. Chimney  

 9. Gas metering system  23. Heating water distribution pipe 

 10. Shut-off valve  24. Heating water return pipe 

 11. Control and monitoring unit  25. Heating water circulation pump 

 12. Ignition gas tank  26. DCW inlet and distribution pipe 

 13. Ignition gas valve  27. Fire chamber 

 

2.4.3 Natural Gas Burner 

 

Natural gas is delivered from a municipal NG distribution piping into a building through a 

connection pipe (KH 23-00465:2010, 1). Natural gas is transmitted through the main shut-

off valve, after which gas is filtrated in the gas filter. After filtration, gas pressure is adjusted 

by the control unit to meet the pressure inside the customer’s pipe system. (KH 23-

00465:2010, 3.) A shut-off valve is required before any gas device (LVI 62-10463:2011, 8). 

If the old oil boiler is in good enough condition, thermally well-enough isolated and suitable 

for use from the capacity of the burner point of view, the oil burner can be replaced by an 

NG burner converting the oil boiler into an NG boiler. This action is especially suitable for 

a water-based central heating system. Installation of a new NG boiler is an option, too. (LVI 

62-10463:2011, 12). In general, an NG boiler and heating system is defined by KH 23-00465 

and LVI 62-10463 (KH 23-00465:2010). Pipe system materials are defined by the standard 

SFS-EN 1775 (LVI 62-10463:2011, 6). Control and adjustment equipment, as well as burner 
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systems, are defined by standards SFS-EN 125, SFS-EN 126, SFS-EN 297, SFS-EN 298, 

SFS-EN 676, and FprEN 161 (LVI 62-10463:2011, 9, 10).  

 

2.4.4 Solid Fuel Boiler 

 

Solid fuels (SF) used in the heating boilers of residential buildings include wood, wood 

chips, pellets, and peat (Tukes n.d., 2). The three main types of solid fuel boilers for domestic 

use are categorized based on the feeding system, hand-fed boilers for wood, automatically-

fed boilers for other solid fuels, and automatically-fed boilers for pellets (Tukes n.d., 4). 

From the apartment building heating point of view, wood and peat were the only solid fuels 

used in the year 2018. The shares of wood and peat utilization in apartment buildings’ space 

heating were 0,40 % and 0,03 %, respectively. The shares of DHW production by wood and 

peat in apartment buildings are unknown. (Tilastokeskus 2019, 8, 9.)  

 

A wood boiler consists of a boiler, a water heater, and safety devices such as an expansion 

tank, safety valves, and control and measuring systems. Water heated in the water tank of a 

boiler is used for heating DHW and heating water in the water heater. DHW is heated by a 

heating coil. (Tukes n.d., 5.) The safety system includes overheating protection circulating 

heated water through a cooling coil (Tukes n.d., 13). A pellet and wood chip boiler consists 

of a fuel transmission line, a fuel feeding system, a boiler, a water heater, a fuel storage tank, 

control systems, and safety systems (Tukes n.d., 6, 7, 8). Safety systems include an extin-

guishing system (water-based for a wood chips boiler and powder-based for a pellet boiler), 

a feeder stopper, a thermometer, pressure meter, a flue gas fan, and a flame control system 

(Tukes n.d., 13, 14). A wood chip and pellet boiler heating system presented in the figure 6 

is defined by RT 52-10876  (RT 52-10876:2006, 1).  
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Descriptions of figure 6: 

 1. Ventilation pipe  10. Expansion tank 

 2. Fuel inlet pipe  11. Water heater  

 3. Fuel storage tank  12. DHW and heating water pipes 

 4. Maintenance gate  13. Feed-stopper  

 5. Transfer conveyor  14. Supply air valve  

 6. Pellet/wood chip burner  15. Water supply line  

 7. Pellet/wood chip boiler  16. Inlet water pipe  

 8. Chimney   17. Supply water pipe 

 9. Water pipes 

 

2.5 Domestic Hot Water Production by Heat Pump  

 

The term heat pump contains ground source heat pumps (GSHPs), air source heat pumps 

(ASHPs), and water source heat pumps (WSHPs) (Tilastokeskus 2019, 9). Depending on the 

source of heat, heat pumps can be categorized into ground source heat pumps (GSHPs) and 

air source heat pumps (ASHPs). A GSHP drives heat energy either from underground (bed-

rock or soil) or water body, most often a lake or a river, to the refrigerant of the heat pump. 

An ASHP drives heat energy from the air and releases the heat stored in the refrigerant of 

the device either into the air or water. (LVI 11-10332:2002, 3, 4, 7.) The third main category, 

Figure 6. The solid fuel boiler system. (RT 52-10876:2006; Tukes n.d) 
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under the category of ASHPs, is an exhaust-air heat pump (EAHP) which is used for recov-

ering heat energy from the exhaust air of a building (LVI 11-10332:2002, 3, 7). GSHPs, 

ASHPs, and EAHPs can be utilized in DHW and heating water production and cooling of 

buildings (LVI 11-10332:2002, 4, 7). The basic principle of a heat pump system is the same 

for every type of heat pump (LVI 11-10332:2002, 2). The basic principle of a heat pump is 

to transfer heat energy from the areas of higher temperature to the areas of lower temperature 

(LVI 11-10332:2002, 2).  

 

The basic principle and process chart of a heat pump is presented in figure 7. Heat energy 

recovered from the source of heat is transferred to the refrigerant in the evaporator, convert-

ing the refrigerant into the gaseous phase. After the evaporator, the refrigerant is compressed 

into a higher pressure level, increasing its temperature simultaneously. In the condenser, the 

refrigerant releases heat energy to the secondary fluid as the temperature decreases. The 

cooled refrigerant is converted into the liquid phase and expanded in the expansion valve. 

(Motiva Oy 2020b, 4.) Heat pump systems are defined by LVI card 11-10332 (LVI 11-

10332:2002, 1).  

 

Descriptions of figure 7: 

1. Inlet pipe from the heat source 6. Heat exchanger inlet pipe  

2. Evaporator  7. Expansion valve 

3. Compressor  8. Outlet pipe to the heat source 

4. Condensator  9. Source of heat (cooled) 

5. Heat exchanger outlet pipe 10. Sink of heat (heated) 

Figure 7. The basic principle of a heat pump. (Motiva Oy, 2020b) 



33 

 

A GSHP process chart is presented in figure 8.  

Descriptions of figure 8:  

1. Pipe from the heat source 11. DCW pipe to the superheater 

2. Evaporator  12. DHW pipe to the DHW heater 

3. Compressor  13. Heating water boiler’s supply pipe 

4. Superheater (in some models) 14. DHW preheater inlet pipe 

5. Condenser   15. DHW preheater 

6. Super-cooler (in some models) 16. Heating water heat exchanger 

7. Expansion valve  17. DHW heater supply pipe 

8. Pipe into the heat source  18. DHW electrical heating coil 

9. DCW supply pipe  19. DHW circulation pipe  

10. DCW distribution pipe to heaters.  20. DHW distribution pipe 

21. Heating water return pipe 25. GSHP 

22. Heating water distribution pipe 26. Heating water heater 

23. Heating water circulation pump  27. DHW heater 

24. DHW circulation pump 28. DCW distribution pipe 

 

Figure 8.  The basic process chart of a GSHP system connected to DHW and heating system. 

(LVI 11-10332:2002; Gebwell, 2020) 
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2.6 The Life Cycle of Domestic Water Supply System 

 

The technical life cycles of domestic water supply system parts have been estimated in KH 

90-00403 and LVI 01-10424 cards (Suomen Rakennusinsinöörien Liitto RIL ry 2017, 55). 

Technical life cycle is defined as a period of time after construction by which the installed 

building elements, technical systems, and devices fulfill the desired technical requirements 

of use. After the technical life cycle, replacement usually occurs. A checking interval refers 

to the period of time by which a building element must be checked. A maintenance interval 

refers to the period of time after which maintenance activity is repeated if needed. (RT 18-

10922:2002, 2.) The issues affecting the state and life cycle of the domestic water supply 

system of a building are divided into four categories which are the quality of water, material 

properties, installation and maintenance faults, and damages in pipes (Suomen 

Rakennusinsinöörien Liitto RIL ry 2017, 103, 104). According to RT card 18-10922 (RT 

18-10922:2002), the Finnish domestic water supply system includes pumps, valves, shut-off 

valves, adjustment and control valves, piping, pipe equipment, dirt separators, measuring 

devices, heat exchangers, and pressure control units. The average life cycles of typical do-

mestic water supply system devices categorized by TalotekniikkaRYL 2002 and Talo 2000 

building element categorizations are presented in table 4 on the next page. 
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Table 4. Life cycles of domestic water supply system devices. (RT 18-10922:2002, 13, 19–23) 

Name of the 

System Part 

Life Cycle 

[years] 

Checking 

Interval 

Maintenance 

Interval 

Notes 

Pumps 20-25 12 months 12 months  

Valves No mention 12 months 12 months Lack of measuring results in 

renewal in the case of ad-

justment need 

Shut-off valves 30-40 No data No data  

Line control valve 30 12 months 12 months Lack of measuring results in 

renewal in the case of ad-

justment need 

Control valve 15-20 No data No data  

Pipe equipment No data 12 months 12 months  

Heat exchanger 20 No data No data Checking and maintenance 

intervals depend on the age 

of the device 

Cold water pump 10-30 No data 12 months Depends of the quality of 

water and pump used 

Pressure increase units 20-30 No data 12 months Most affected by use 

Pressure decrease valves 10-20 No data No data  

Water meters  8-10 3-5 a No data Calibration accuracy deteri-

orates over time 

Copper water pipes In general: 40-50 

Indoors: 40-50 

In concrete: 40 

Not waterproof: 20 

12 months No data STMa 401/2001 

STMa 461/2000 

Steel water pipes 50-60 No data No data External acidic erosion by 

moisture 

Plastic water pipes 50 No data No data PEX pipes in inner tube 

Composite water pipes 50 No data No data  

Taps (all types) 10-25 1 months No data Affected by lime content of 

water  

Dirt separators 50 1-12 months 1-12 months Regular checking of autom-

atization system 

Sewage pipes (all types) 40-50 12 months No data Deterioration by acid water 

 

Corrosion of pipes caused by oxygen-rich domestic water is a major issue affecting the life 

cycles of the system parts, among other issues such as erosion-corrosion, leaks, other struc-

tural deterioration, and unbalanced adjustment and use of the system. In zincked DCW steel 
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pipes, mainly if the temperature, flow, and quality characteristics of domestic water differ 

from the standardized design values, the protective zinc layer deteriorates over time. Corro-

sion of steel pipe causes precipitation and accumulation of eroded steel resulting in block-

ages in pipes. The fatigue corrosion of pipe material caused by thermal expansion, if not 

taken into consideration in designing, might break the pipe structure in a couple of years. In 

DHW copper pipes, erosion-corrosion caused by water flow occurs, especially in pipe con-

nection joints and bends. Solder joints of copper pipes oxidize and lose zinc within 20 years. 

Plastics pipes used for both DHW and DCW are more resistant to erosion-corrosion than 

copper and zincked steel pipes because domestic water does not contain materials capable 

of corroding plastics used in piping. (Harju and Matilainen 2001, 97–100.)  

 

Control and shut-off valves made of brass tend to lose zinc similarly to steel and copper 

pipes over time. Leaks in valves tend to clog by themselves over time, due to which the 

replacement of the valve is not usually necessary. The condition of valves should be checked 

every five years. (Harju and Matilainen 2001, 101.) Corrosion of heat exchanger results in 

leaks over time, which causes a decrease in water temperature and pressure. Internal leakage 

results in increased energy and water consumption as the temperature of DH return water 

decreases due to pressure drop if the DH system pressure is lower than the domestic water 

system pressure. In the case of the DH pressure being higher than the system pressure, the 

temperature of DHW increases, and water becomes dirtier. The high usage rate of taps in-

creases the structural deterioration of taps due to increased water consumption and weakened 

sealings decreasing the life cycle from 15 years to 10 years in average. (Harju and Matilainen 

2001, 101, 102.) 
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3 APARTMENT BUILDING REPAIR CONSTRUCTION IN FIN-

LAND 

 

The concept of repair construction of a building is defined as a method the aim of which is 

either renewing or maintaining a part of or the entire building in such a way that its perfor-

mance, quality, and estate value would be either improved or remained equal compared to 

that what they were after construction. For instance, based on the definition, repairing or 

replacing of a domestic water pipe system, indoor walls, building structures, or technical 

building systems are considered as repair construction. (Tilastokeskus 2020a, 2020b)  

 

3.1 Renovation Definition and Categories  

 

The concept of renovation is divided into two categories based on the method and goal. The 

four subcategories under these are refurbishment, major improvement, rebuilding, and res-

toration. The first one belongs to the group defined by the method used, and the latter three 

belong to the group defined by the goal of repair construction. (Sanastokeskus TSK 2020a.) 

The aim of refurbishment is to renovate a building in such a way that its life cycle and estate 

value would be improved compared to that of it before the refurbishment. This usually in-

cludes either the replacement or updating of building elements and technical building sys-

tems. (Sanastokeskus TSK 2020c.) Major improvement, which is sometimes called retrofit-

ting or deep renovation, aims to decrease building’s energy consumption and improve its 

energy efficiency to a great extent in comparison to that of its past (IATE 2020.; European 

Directive 2012/27/EU). Rebuilding, sometimes called reconstruction, aims to change the 

visual look, structures, or use of a building to meet its future needs. Methods and goals of 

major improvement, retrofitting, or refurbishment can be involved together (Sanastokeskus 

TSK 2020b.) The aim of restoration is either maintaining or reconstructing the historical and 

cultural values of a building (Tilastokeskus 2020d). The refurbishment of buildings is di-

vided into six categories. Regular maintenance work is started after construction. Mainte-

nance and technical improvements should be started 15 years after construction. Renewal of 

roofs, external walls, balconies, and staircases should be started 30 years after construction. 

Pipe repair renovation should be started from 40 to 50 years after construction. Renewal of 

heating system and elevators, if exist in the building, should be started from 60 to 75 years 
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after construction. The automatization and communication systems of a building should be 

updated from 5 to 10 years after construction.  Every renovation activity mentioned below 

should be regularly continued later in the future if needed. (Suomen Rakennusinsinöörien 

Liitto RIL ry 2017, 19.) 

• Regular maintenance work     

• Maintenance and technical improvements 

• Renewal of roofs, external walls, balconies, and staircases 

• Pipe repair renovation (water and sewage pipes, electric and ventilation systems, 

kitchens, sanitary cabins) 

• Renewal of heating system and elevators 

• Updating of building automatization and communication systems 

 

3.2 The Finnish Building Stock in Year 2019 

 

The Finnish building stock of the year 2019 is presented in figure 9 below, where the per-

centage distribution of the building types of the Finnish building stock in the year 2019 is 

presented. The data was taken from the public Stat Fin database created by Tilastokeskus. 

The total number of people in Finland, and residents living in apartment building apartments 

33,9 %
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21,1 %

6,5 %

4,0 %

2,9 %

2,7 %

2,2 %

3,9 %
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Finnish Building Stock Distribution by Floor-area in Year 2019

Detached houses

Row and chain houses
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Industrial buildings
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Figure 9. Finnish building stock 2019 (Rakennukset ja kesämökit, Tilastokeskus).  
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were 5 399 397 and 1 994 450 in the year 2019, respectively (StatFin, 2020). Data used was 

imported to Excel and modified into figures, tables and graphs.  

 

Table 5. Finnish building stock by floor-area in year 2019. (Asuinrakennukset ja kesämökit, Tilastokeskus) 

Table 6. Apartment buildings in Finland in 2019. 

(Asunnot ja asuinolot, Tilastokeskus) 

 

 

 

 

 

3.3 Renovation Need of Apartment Buildings 

 

The share of 47 % of all apartments in Finland are apartment buildings (Tilastokeskus, Asun-

tokanta 2018). Buildings built in the 1960s have been renovated in the past, but the majority 

of buildings built in the 1970s and 1980s are being renovated in the 2020s and 2030s (Paiho 

Type of Building Floor-area [m2] 

Detached houses    167 797 494  

Row and chain houses      35 337 890  

Apartment buildings    104 376 205  

Commercial buildings      31 972 096  

Office buildings      19 699 390  

Traffic buildings      14 546 593  

Care buildings      13 317 036  

Meeting buildings      10 686 985  

Educational buildings      19 532 796  

Industrial buildings      52 525 076  

Storehouses      22 795 016  

Other buildings        2 039 379  

Total    494 625 956  

Type of Building Apartments 

[quantity] 

Floor-area 

[m2] 

Detached buildings 1 165 339  167 797 494 

Row and chain buildings  415 249  35 337 890 

Apartment buildings  1 442 543  104 376 205 

Other buildings  52 497  Unknown 

Total  3 075 628  307 511 589 

Figure 10. Finnish residential building stock in 2019. (Asunnot ja asuinolot, Tilastokeskus) 

38 %

13 %

47 %

2 %

Percentage Distribution of Finnish Residential Buildings in 2019 

(Table 6)

Detached houses

Row and chain houses

Apartment buildings

Other buildings

http://pxnet2.stat.fi/PXWeb/sq/1fccd772-a89d-4ea6-be8d-deaf412e4a40
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et al. 2009, 8). In the 2040s and 2050s, the majority of buildings built in the 1990s and 2000s 

are being renovated, respectively (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 17, 18). 

The share of 84,2 % of the existing residential apartment buildings have been constructed 

after the 1960s, as shown in table 7.  

Table 7. Constructed and existing apartment building apartments in Finland since the year 1920. (Rakennukset 

ja kesämökit, Tilastokeskus) 

The most common renovation target of apartment buildings is pipe repair renovation due to 

their age, but other parts such as technical building systems can be renovated as well 

Decade of 

Construction 

Apartments 

[quantity] 

Share 

[%] 

Apartments built  

afterwards [%] 

Floor-area 

[m2] 

Share 

[%] 

Floor-area built 

afterwards [%] 

- 1920 26 547 1,8 100,0 2 712 666 2,6 97,4 

1921 - 1939 64 317 4,5 98,2 5 066 897 4,9 92,5 

1940 - 1959 130 640 9,1 93,7 9 120 170 8,7 83,8 

1960 - 1969 230 469 15,9 84,6 15 978 958 15,3 68,5 

1970 - 1979 336 316 23,3 68,7 23 677 259 22,7 45,8 

1980 - 1989 168 600 11,7 45,4 12 293 140 11,8 34,0 

1990 - 1999 151 165 10,5 33,7 10 953 922 10,5 23,5 

2000 - 2009 131 028 9,1 23,2 10 238 407 9,8 13,7 

2010 - 203 027 14,1 14,1 14 284 901 13,7 0,00 

Total 1 442 543 100,0  104 326 320 100,0  
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Figure 11. Decade of construction of existing apartment buildings in year 2019. (Asunnot ja asuinolot, Ti-

lastokeskus) 
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(Pakarinen 2017, 4). The need for pipe repair renovation in apartment buildings is estimated 

to reach its highest value in the mid-2020s. This is mainly because of the aging of the ma-

jority of the existing apartment building apartments that have not been renovated yet were 

built in the 70s and 80s. (Paiho et al. 2009, 20, 21, 22.) In table 8, the reasons for renovation 

work between the years 2015 and 2019 are presented as percentage values compared to all 

cases. Annual sums are not equal to 100 %.  

Table 8. Reasons of apartment building renovation expressed as percentages of cases. (Tilastokeskus 2020c)  

Reason of renovation 2015 2016 2017 2018 2019 

Ageing and deterioration of a building 89,0 % 92,0 % 92,0 % 92,0 % 92,0 % 

Prevention of a severer damage 19,0 % 16,0 % 15,0 % 20,0 % 21,0 % 

Improvement of aesthetics of a building 3,0 % 3,0 % 3,0 % 3,0 % 3,0 % 

Improvement of quality or equipment of a building 13,0 % 12,0 % 12,0 % 12,0 % 13,0 % 

Change of use or functionality of a building 4,0 % 4,0 % 3,0 % 3,0 % 2,0 % 

Pipe malfunction, flooding etc.  16,0 % 16,0 % 14,0 % 14,0 % 17,0 % 

Mould or moisture damage 6,0 % 5,0 % 5,0 % 5,0 % 6,0 % 

Damages caused by vandalism  6,0 % 5,0 % 5,0 % 5,0 % 6,0 % 

Other damages 11,0 % 10,0 % 10,0 % 11,0 % 14,0 % 

Bad indoor quality 3,0 % 3,0 % 3,0 % 2,0 % 3,0 % 

Construction and/or design faults 2,0 % 2,0 % 2,0 % 2,0 % 3,0 % 

Improvement of energy efficiency 8,0 % 6,0 % 5,0 % 6,0% 4,0 % 

Extension of building 0,0 % 0,0 % 0,0 % 0,0 % 0,0 % 

Other reason 4,0 % 5,0 % 4,0 % 5,0 % 5,0 % 

Use and maintenance mailfunctions 3,0 % 3,0 % 4,0 % 4,0 % 3,0 % 

 

Table 9. The heat balance of an average apartment building in relation to the incoming total energy. (Motiva 

Oy 2016) 

System Value Unit Type 

Ventilation 25 – 35 % Heat loss 

Roof 3 – 6 % Heat loss 

Exterior walls 10 – 20 % Heat loss 

Windows and exterior doors 15 – 25 % Heat loss 

Base floor 4 – 6 % Heat loss 

Solar + people (heat gains) 10 - 20 % Heat gain 

Equipment (heat gain) 10 – 20 % Heat gain 

DHW (energy usage) 15 – 20 % Energy usage 

Heating (energy usage) 60 – 70 % Energy usage 
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3.4 Renovation Costs and Plans 

 

The total national renovation need of apartment buildings is estimated to be equivalent to 

3,7 billion euros between the years 2016 and 2025. The annual need for renovation in Hel-

sinki, Tampere, Turku, and Oulu were 1 543, 352, 295, and 166 million euros in the year 

2016, respectively. The share of the cities’ in comparison to the national need were 42 %, 

10 %, 8 %, and 4 %, respectively. (Pakarinen 2017, 3.) There are variations in the total 

renovation costs because of regional variations in the age of building stock, the scale of 

renovation work, gross floor area of buildings, values of buildings, and future development 

of local regions. In the case of renovation costs being between 20 000 and 35 000 euros per 

apartment, it might be economically unsustainable, compared to the estimated value of the 

estate, to conduct renovation. (Pakarinen 2017, 4, 5.) Deconstruction might be a solution in 

such a case if the costs of renovation would increase too much as the need for renovation 

and improvement of energy efficiency of a building are tried to be met. (Ympäristöministeriö 

2020a, 27). From the pipe repair renovation of apartment buildings point of view, the 

planned pipe repair renovations are presented in figures 12 and 13. In figure 14, the total 

annual renovation costs of apartment buildings in Finland between the years 2009 and 2019 

categorized by the decade of construction are presented. In figure 15, the total renovation 

costs of apartment buildings are shown.  
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Figure 13. Domestic water pipe repair renovation. (Korjausrakentaminen, Tilastokeskus) 
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3.5 Pipe Repair Renovation Targets and Methods 

 

In a traditional pipe repair renovation, the renovation of water and sewage pipes is conducted 

(Suomen Rakennusinsinöörien Liitto RIL ry 2017, 19, 20). In most cases, electrical technical 

building systems are renovated as well. Besides, HVAC systems and sanitary cabins can be 

renovated as well if needed (Suomen Rakennusinsinöörien Liitto RIL ry 2017, 19, 20, 160). 

Also, it is recommendable, if possible, to improve the energy efficiency of a building as well 

as to develop smart technical building systems through the means of pipe repair renovation, 

in which case, the process is called advanced pipe repair renovation (Suomen 

Rakennusinsinöörien Liitto RIL ry 2017, 20).  

 

The need for pipe repair renovation can notified in many ways. Such ways include, for in-

stance, moisture damages, leaking pipes or the risk of leaking pipes, improvement of the 

energy efficiency of a building, internal deteriorations of water and sewage pipes, improve-

ment need of ventilation, desired renewal of sanitary cabins, or malfunctioning of the HVAC 

system (RT 10-10813:2003, 4). Depending on the building, several reasons can occur. The 

need for pipe repair renovation is determined by RT 18-10813 (Suomen 

Rakennusinsinöörien Liitto RIL ry 2017, 55). 

 

Figure 15. The total annual apartment building renovation costs. (Rakennukset ja kesämökit, Tilastokeskus; 

Asunto-osakeyhtiöiden talous, Tilastokeskus) 
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3.5.1 Water Pipes 

 

Deteriorated water pipes can be renovated in three ways. The first way includes the removal 

and replacing of the old existing pipes with new pipes as well as the installation of new pipes 

either into the same or a different position. The second way includes the repairing of the 

existing pipes without removing them. (RT 84-11093:2012, 14.)  The third way includes the 

installation of new pipes without the removal of the old pipes (Paiho et al. 2009, 24, 25). In 

every water pipe repair work, the appropriate renovation method should be selected based 

on the material, age, location, and condition of pipes. The selected method must be both 

technically and economically suitable for the specific building. In addition, it must be en-

sured that the selected method does not cause health risks. (RT 84-11093:2012, 14.)   

 

Repairing of an old pipe without removal can be done, for instance, by plaiting. Plaiting is a 

process in which the internal surface of the pipe is first mechanically cleaned, after which a 

coating substance, such as epoxy, is sprayed on the internal surface of the pipe. (Jaakkola et 

al. 2010, 35.) Plating creates a new internal surface of the pipe extending its life cycle, but 

the pipe is not equally good to a new pipe (RT 84-11093:2012, 14). Plaiting is a method 

mostly used for repairing both vertical and horizontal sewage pipes but not commonly used 

for domestic water pipe repairing (Jaakkola et al. 2010, 35). 

 

The installation of new pipes must be done in such a way that it minimizes the transportation 

of fluid noises generated in the pipes and makes them soundproof. If pipes are installed 

through the walls, through-hole installations must be made airtight to ensure soundproof 

conditions. Furthermore, the pipes must be separated from the structures by soundproof seal-

ing. (RT 84-11093:2012, 14.) Domestic water pipes must be installed in such places where 

the pipes neither freeze nor water condensates on the surface. Condensed water and leaks, if 

occur, must be delivered away from the pipes. In indoor spaces, the pipes are usually in-

stalled inside the structures by means of casing or buried laying. In the case of buried laying, 

the possibility of observing leaks and easy access to the pipes must be ensured. Casing, or 

panel mounting, allows an easy repair and exchange of water pipes. Installation of water 

pipes must be done in accordance with the principles of LVI 20-10328, 12-10217, 12-10370, 

20-10348, and RT 84-10818. (RT 92-10913:2008, 10.) Installation of heating and domestic 
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water pipe systems must fulfill the requirements of the national building standards RakMK 

C1, C2, and D1 (RT 84-11093:2012, 11).  

 

In the case of not removing old pipes while installing new pipes, the new pipes must be 

installed in new raising shafts. New shafts can be placed, for instance, in sanitary cabins, 

staircases, or inside internal walls. Shafts must be equipped with maintenance and inspection 

gates as well as with bilge water pools on every floor. The walls of the shafts must be sound-

proof and heavily built by using materials such as concrete or bricks. (RT 92-10913:2008, 

7, 8.)  Water pipe materials used in raising shafts must be either plastic, composite, or copper 

(RT 92-10913:2008, 10). Regulations concerning the fire safety, soundproof and other re-

quirements of inspection and maintenance gates, as well as raising shaft requirements in 

terms of water pipe installation, are determined by the Finnish national building standard 

RakMK D1 (RT 92-10913:2008, 11).  

 

From the insurance point of view, it is recommended either to renew piping completely or 

repair by following the principles of both the VTT certificate and related Rakennustieto 

(RT), Kiinteistöhuolto (KH), and HVAC (LVI) cards of related specific cases (RT 84-

11093:2012, 14). Pipe repair renovation results in an increased risk of leaks, due to which 

making a written announcement to the insurance company before the renovation is required 

(RT 10-10813:2003, 9). The owner of the building is responsible for the costs of damage 

caused by a failure if the failure is due to faulty renovation work. If the VTT certificate has 

been followed and the inspection of renovation work has been sufficient enough, insurance 

usually covers the costs of the possible and sudden failure of the piping system. (RT 84-

11093:2012, 14). Such a failure can be, for instance, moisture damage caused by a leaking 

valve or pipe (RT 84-11093:2012, 14).   

 

3.5.2 Sewage Pipes 

 

There are three main ways in which sewage pipes can be renovated. The first one of these is 

the complete replacement of the old pipes with new pipes. The second one is the partial 

replacement of the old existing pipes with new pipes. The third one is the complete or partial 

repair of the old existing pipes without the removal of them, and the installation of new 
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pipes. The partial or complete repairing of sewage pipes include either plaiting or inner tube 

installation. (RT 84-11093:2012, 13.)  

 

Existing sewage pipes can be repaired by utilizing two main methods: installation of an ad-

ditional inner tube of glass fiber, and plaiting. The first one is a process the aim of which is 

to install a new pipe inside the old existing pipe without the removal of the old pipe. 

(Jaakkola et al. 2010,  36.) A pressurized sock, most often made of PVC or PE plastic, is 

injected into the pipe. The sock is expanded by pressure and let hardened afterward, creating 

a new pipe. (RT 84-11093:2012, 13.) This method is primarily used for basement sewage 

pipes if their condition is considered good enough for plaiting  (Jaakkola et al. 2010,  36). 

The state of a sewage pipe can be checked, for instance, by a video inspection (RT 84-

11093:2012, 11). Due to the expensive renewal of the basement sewage pipe, it is usually 

repaired without installing a new one providing that the diameter of the sewage is large 

enough from the future need of the building point of view. Repairing can be done, for in-

stance, by plaiting it with an epoxy or fiberglass-based plastic plaiting mixture. (RT 92-

10913:2008, 11.)  

 

New sewage pipes must be installed in such a way that the freezing of the pipes, the conden-

sation of water onto the pipes and corrosion of the pipes are prevented. Installation of pipes 

through structures, especially in sanitary cabins, must be made waterproof. Installation of 

pipes in other structures must be as soundproof and airtight as possible to lower sound levels 

caused by the pipes. In such cases, the supporting structures and through-holes of the pipes 

must be equipped with rubbery soundproof isolation. Places that have the risk of leaks must 

be equipped with leak detection sensors. In apartments, pipes are usually installed by buried 

method. In this case, easy access to the pipes and observation of leaks must be ensured in 

the case of future repair and detection of leaks by installing enough maintenance gates. (RT 

92-10913:2008, 10.)  

 

In the upper parts of a building, vertical sewage pipes are usually installed either into the old 

raising shafts or into new ones depending on the building. Raising shafts must be made 

heavily built and soundproof in a similar way as in the case of the installation of new do-

mestic water pipes in shafts. (RT 92-10913:2008, 11.) Domestic water pipes and sewage 

pipes are usually installed into the same raising shafts of the building (RT 84-11093:2012, 
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12). Raising shafts must fulfill the requirements of the Finnish national building standard D1 

(RT 84-11093:2012, 13). Horizontal sewage pipes are installed either into the intermediate 

floor or into the pipe duct located in the false ceiling (RT 84-11093:2012, 12). Sewage pipes 

in the building are capsulated and isolated by mineral wool but also made fireproof according 

to the principles of the Finnish national building standard E1 (RT 92-10913:2008, 11).  

 

The installation of sewage pipes is determined by LVI cards 12-10370, 12-10217, 20-10348, 

06-10426, 20-10328, 50-10344, and 50-10345 (RT 92-10913:2008, 10, 11, RT 84-

10913:2012, 12). RT card 92-10913, KH card 90-00402, and the Finnish national building 

standard D1 contain regulations on the installation of sewage pipes as well (RT 84-

11093:2012, 12, 13). The repair methods of sewage pipes, including inner tube installation 

and plaiting, are determined by SFS standards SFS-EN 13566-2, SFS-EN 13566-3, and SFS-

EN 13566-4 (RT 84-11093:2012, 13).  

 

3.5.3 Electrical Systems  

 

Generally speaking, the renovation of a building electrical system, if needed, is economically 

practical to be simultaneously conducted with pipe repair renovation (RT 92-10913:2008, 

14). This is because of the decreased need for reopening and reclosing electric systems inside 

the structures (Jaakkola et al. 2010,  43). In general, electric systems such as cables, centers, 

lightings, electrical heating systems, wall sockets, and switches are either repaired, renewed, 

or installed during pipe repair renovation either because of the deterioration or the need for 

renewal of building electrical systems. Safety issues are usually improved as well. (Suomen 

Rakennusinsinöörien Liitto RIL ry 2009, 118, 119, 120.) 

 

Cables are most often placed inside cable canals or vertical raising shafts. Raising shafts 

should be equipped with maintenance gates and sized in terms of volume in such a way that 

the possible future installations of additional electric cables could be done more easily with-

out the need of building new raising shafts. The location and good design of raising shafts 

are important because it is common not to relocate them afterward. It is also possible to place 

cables inside the same raising shafts as water and sewage pipes, but, generally speaking, it 

is recommended to place cables into separate raising shafts because of the possible occur-

rence of electrical interference in the shafts. (RT 92-10913:2008, 14.) Horizontal 
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installations of electrical cables are placed in the inner ceiling of indoor spaces, in which 

case cables can be placed inside cable canals, inside structures in terms of buried laying, or 

on a cable rail. (RT 92-10913:2008, 14, 15.) From the fire safety point of view, it is not 

allowed to install electric cables between fire sections without installing a fire safety lock 

separating fire sections from each other (RT 92-10457:1991, 4). Regulations concerning the 

installation and repair of electrical building systems include RT cards 92-10913, 73-10616, 

92-10774, 92-10457, and 93-10561 as well as SFS 3209 standard (RT 92-10457:1991, 1, RT 

92-10913:2008, 14, 15, RT 84-11093:2012, 8).  

 

3.5.4 Sanitary Cabins 

 

In pipe repair renovation, sanitary cabins are usually renovated as well because of the bene-

fits achieved by co-renovation (Suomen Rakennusinsinöörien Liitto RIL ry 2017, 55). From 

the energy efficiency and water consumption of a building point of view, the suggested ren-

ovation target is renewing water plumbing fixtures and appliances with more water-efficient 

ones (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 112). Before the replacement of 

indoor plumbing fixtures and appliances, shut-off routing valves, or fixture specific shut-off 

valves, are closed. Structures are deconstructed to the required extent and the old fixtures 

are removed before the installation of the new ones. (RT 84-11093:2012, 4.)  The selection 

and replacement of indoor plumbing fixtures and appliances and other devices of sanitary 

cabins are determined by RT 93-10932, LVI 06-10439, and RT 93-10950 (RT 84-

11093:2012, 5).  

 

The requirements and technical solutions related to buildings’ moisture conditions, which 

can be utilized in renovation work as well, are determined by the Finnish national building 

standard C2 (RT 84-11093:2012, 7). Both floor covering and wall coating in sanitary cabins 

must be waterproof. If not waterproof, a water isolation layer strong enough from the instal-

lation strain and movement of use point of view must be installed beneath. (C2 Suomen 

Rakentamismääräyskokoelma 1998, 15.) The layer should completely cover the floor and 

reach the walls at least 100 mm above the floor level to prevent moisture from migrating 

into the structures (RT 84-11093:2012, 7). No water leaking joints between the walls and 

floor should exist in the layer (C2 Suomen Rakentamismääräyskokoelma 1998, 15). Further 
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information on water isolation requirements is given by the RIL 107-2012 guidance (RT 84-

11093:2012, 7).  

 

If water isolation needs to be renovated, floor tiling is renewed after the renewal of water 

isolation. If water isolation is not needed to be renovated, floor tiling is repaired either by 

retiling or injection repair. In retiling, new floor tiles are installed on the top of the old tiles. 

In injection repair, loose tiles are attached to the floor structure by using a plastic-based 

injection substance as a clue that forms a waterproof layer after drying. The injection holes 

through which the substance has been injected are seamed by plaster afterward. (RT 84-

11093:2012, 9.) Materials used in sanitary cabin water isolation renovation should be either 

VTT or CE certified to ensure the quality (RT 84-11093:2012, 7). The renovation methods 

of the wall and floor structures of sanitary cabins are determined by and presented in Ra-

kennustuote (Ratu) cards Ratu F6-0329 (updated by Ratu 0473), Ratu F61-0330 (updated by 

Ratu 0474), Ratu F61-0321 (updated by Ratu 0470), and Ratu F63-0322. The properties and 

quality requirements of water isolation in sanitary cabins are determined by RIL 107-2012 

and building standard SisäRYL 2000 Rakennustöiden yleiset laatuvaatimukset. (RT 84-

11093:2012, 7.) Information and regulation on the selection and installation of water-based 

heating systems in sanitary cabins are determined by RT 52-10801, LVI 20-10348, and LVI 

13-10261 (RT 84-11093:2012, 14). Renovation of the electrical systems of sanitary cabins 

must be conducted in accordance with the principles of standards SFS-EN 6000-7-701, SFS-

EN-6000-8-802, and SFS 6000 muutokset 2007 (RT 84-11093:2012, 16).  

 

3.5.5 Advanced Pipe Repair Renovation 

 

If the pipe repair renovation goal is also the improvement of energy efficiency, utilization of 

spaces, or smart building systems, renovation is called advanced pipe repair renovation. The 

advanced pipe repair renovation process is similar to traditional pipe repair renovation: only 

the goals of improvements mentioned earlier are added. (Suomen Rakennusinsinöörien 

Liitto RIL ry 2017, 20, 21.) The energy efficiency of a building is improved through the 

renovation of building structures, HVAC systems, or changing the building’s energy pro-

duction and sources to reduce both its energy consumption and GHG emissions (Suomen 

Rakennusinsinöörien Liitto RIL ry 2017, 22).  
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In terms of water and sewage pipe systems, water and indoor plumbing fixtures are recom-

mended to be replaced with more water-efficient ones. Furthermore, the optimization of wa-

ter flows, pressure, and temperature of the system is recommended to improve energy effi-

ciency. In terms of improving the energy efficiency of heating and ventilation systems, heat 

recovery units (HRUs), adjustment and optimization of the system, selection of the source 

of energy, production and utilization of on-site renewable energy (solar power and heat 

pumps etc.), and utilization of advanced smart control systems are recommended to imple-

ment if possible. In terms of improving the energy efficiency of electrical systems, the re-

placement of lighting with more energy-efficient lights and smart control systems are rec-

ommended to be enabled if possible. (Suomen Rakennusinsinöörien Liitto RIL ry 2017, 25, 

26.)  

 

3.6 Related Legislation 

 

The Land Use and Building Act (The Land Use and Building Act, 5 February 132/1999), 

initially set by the Finnish Parliament in the year 1999 and amended by 222/2003 in the year 

2003, regulates the utilization of and construction in water and land regions (The Land Use 

and Building Act, section 2). As stated in section 2 of the Act (132/1999), the more informa-

tive and detailed descriptions of the contents of the sections of the Act are given in specified 

decrees and guidelines set either by the Ministry of the Environment, authorities, or related 

institutions. Detailed descriptions concern technical building solutions, regulation, as well 

as materials and methods used in specific construction, planning, and renovation activities.  

(The Land Use and Building Act, section 2.) Instructions and regulations mentioned in the 

Act (132/1999) are given in the Finnish National Building Code that contains the standards, 

guidelines, and regulations of construction. The Finnish National Building Code is mainly 

designed for the construction of a new building, but it can also be applied to the renovation 

of existing buildings depending on the type of a specific case (Ympäristöministeriö 2020b, 

The Land Use and Building Act, 5 February 1999/132, section 13).  The Land Use and 

Building Act (132/1999) and the detailed descriptions, guidelines, and instructions given by 

the Finnish National Building Code standards, are the main laws and guidelines of construc-

tion and renovation activities. On top of the previously mentioned national legislation, Ra-

kennustieto (RT) Tietoväylä database created by both Rakennustieto Oy and Rakennustie-

tosäätiö RTS sr. Rakennustieto Oy aims to publish professional literature, guidelines, and 
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information on construction and renovation work. The RT, Ratu, LVI, and KH cards are 

published by Rakennustieto Oy. (Rakennustietosäätiö RTS sr and Rakennustieto Oy 2020.)  
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4 PIPE REPAIR RENOVATION PROCESS 

 

Before conducting pipe repair renovation, specific issues concerning the responsibilities of 

the people in charge, permits, and activities determined by related national regulations must 

be researched. Such issues include, for instance, assessment of renovation need, planning, 

and distribution of the responsibilities of people involved in renovation work. The pipe repair 

renovation process shown in figure 16 below is discussed in this chapter.  

 

4.1 Assessment of Renovation Need 

 

The people in charge of the estate’s maintenance are responsible for checking the condition 

of the pipes, related devices, and technical building systems. Also, the people in charge are 

responsible for researching the development possibilities as well as the desires and needs of 

the owners and inhabitants of the estate concerning estate development. (RT 18-10813:2003, 

3) The need for pipe repair renovation can be notified in many ways. For example, pipes can 

leak due to bad conditions, the HVAC system of a building might function improperly, or 

moisture isolations in sanitary cabins are not waterproof anymore, causing moisture damage. 

The assessment of the need for pipe repair renovation is determined by RT card 18-10813. 

It is recommended to conduct the assessment of renovation need every 3 to 5 years. (Suomen 

Rakennusinsinöörien Liitto RIL ry 2009, 54.)  

 

 

Figure 16. The pipe repair renovation process. (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 32, 35; RIL 

18-11004, 1) 
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4.1.1 Estate Strategy 

 

An estate strategy is created by the shareholders of an estate and accepted by the board of 

the house. In the strategy, the shareholders define the desired future development goals of 

the estate. The estate strategy gives the guidelines for the actions that could be implemented 

in the estate. (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 53, 54.) The time of pipe 

repair renovation is determined based on the estate strategy. In most cases, balancing be-

tween the costs of renovation and possibly occurring damages in pipes is conducted. Bal-

ancing whether or not to conduct pipe repair renovation before the occurrence of damages. 

(RT 18-10813:2003, 3.) Annually accepted in the board of house meeting, the estate strategy 

together with the long-term maintenance plan determines the base of the decision-making 

process when it comes to deciding the way by which, if any, the estate in question should be 

developed (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 53, 54).   

 

4.1.2 Assessment of Condition  

 

Assessment of condition is a procedure the aim of which is to evaluate, for instance, the 

current condition and need for the renovation of building structures, heating, plumbing, air 

conditioning systems (HVAC system), electric, and other technical building systems 

(Lappalainen 2012, 12; Suomen Rakennusinsinöörien Liitto RIL ry 2009, 57, 58). Assess-

ment of condition should be regularly conducted at least by three experts utilizing the meth-

ods of neither deconstructing any structures nor taking any field measurements within the 

building under study. The experts should be in the field of HVAC, electric, and construction 

technology. (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 57, 58.)  

 

An assessment of the condition of a building is conducted by following both the inspection 

plan made by the shareholders of the estate and the principles of RT 18-10760. Sections to 

be inspected can include the yard, building structures, HVAC systems, electrical systems, 

indoor space conditions, technical building systems, and energy-economic state of a build-

ing. Systems must be inspected one by one to observe the current state of them, but also to 

observe related damages and risks related. (Lappalainen 2012, 13.) The assessment of con-

dition together with the long-term maintenance plan does not only determine the overall 

condition of the estate and the targets and methods of possible future renovation but also 
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make the decision-making process of the future renovation of the estate easier (Suomen 

Rakennusinsinöörien Liitto RIL ry 2009, 58).  

 

4.1.3 Additional Measurements 

 

If the experts conducting the assessment of condition cannot evaluate all issues affecting the 

current state of the building, and if the owner of the building wants to, additional condition 

surveys can be conducted (Lappalainen 2012, 12). If either further research on or more spe-

cific evaluation of the energy-economic state is required, an additional energy inspection in 

accordance with RT card 18-10785 can be conducted (Lappalainen 2012, 13, 14). Further-

more, the experts can evaluate and suggest renovation strategies or schedules based on the 

documents of the estate in question (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 57, 

58). 

 

Additional measurements can be conducted if the technical building systems need further 

research. In terms of piping, for instance, issues to be defined can be the condition of con-

necting joints, thickness, cracks, corrosion, or movements of pipes within the building under 

study. (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 58.) Additional measurements may 

also include the x-ray and video inspections of the pipes and the collection of water samples. 

X-ray and video inspections are used to observe damages in the pipes, and water samples 

are used to examine water quality and corrosivity. (Suomen Rakennusinsinöörien Liitto RIL 

ry 2009, 59, 60.)  

 

Before the renovation, asbestos inspection needs to be conducted if there is no certain infor-

mation on not having asbestos in the building. If renovation work is started without an as-

bestos inspection, or if asbestos is observed during renovation, the entire renovation work 

should be conducted as asbestos work. Asbestos work and inspection are determined by RT 

08-10521, KH 90-00181, and LVI 00-10218. Asbestos might have been used in moisture 

and heat isolation of pipes and other structures. (RT 18-10813:2003, 6.) 
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4.1.4 Long-term Maintenance Plan 

 

The long-term maintenance plan (PTS in Finnish) of a building is created based on assess-

ment of condition, possible additional measurements, and maintenance instructions of the 

building in question. The long-term maintenance plan aims to define the suggestions, esti-

mations of costs, and schedules of the possible future renovation activities and scenarios of 

a building. (Suomen Rakennusinsinöörien Liitto RIL ry 2017, 60.) The cost and suitable 

dates of renovation suggestions should be included in PTS. PTS gives information on suita-

ble renovation investment alternatives, in terms of renovation targets and costs, for the board 

of house to choose from. (Lappalainen 2012, sec. 15) 

 

Updating the PTS is recommended to conduct simultaneously with the assessment of condi-

tion because, in which case, it is possible to specify the needed inspection targets before 

conducting the assessment of condition and to correct maintenance suggestions. PTS should 

be updated every ten years at the latest. Nevertheless, in some cases, renovation experts 

manage to give suitable suggestions for specific renovation activities without conducting an 

assessment of condition. (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 61.)  

 

4.1.5 Renovation Program  

 

A renovation program is created based on the long-term maintenance plan of the estate. The 

renovation program of a building is a document that contains the desires of the owners and 

inhabitants of the building as well as the financial program and plan of renovation work. 

Such desires can be, for instance, the expansion, development, and change of the purpose of 

the building. In general, a renovation plan is divided into subchapters depending on the type 

of renovation work. (Lappalainen 2012, 16; Suomen Rakennusinsinöörien Liitto RIL ry 

2009, 63.)  

 

4.2 Planning   

 

The builder is to ensure the design of a building as well as the designing and the implemen-

tation of the construction and renovation work to occur in accordance with related legislation 

and regulations. The builder must ensure the successful completion of a construction and 
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renovation project independent of the scale and difficulty of the project. The builder must 

also ensure the foremen, designers, and workers needed in the project to meet the require-

ments of expertise, knowledge, and qualification.  (Maankäyttö- ja rakennuslaki, 5 February 

1999/132, section 119.) Renovation must be conducted in a way that fulfills the technical 

requirements mentioned in sections 117 a-g (Maankäyttö- ja rakennuslaki, 5 February 

1999/132, section 117). The Land Use and Building Act (The Land Use and Building Act, 

5 February 132/1999) determines the responsibilities and duties of people involved in reno-

vation work and planning.  

 

4.2.1 Project Planning 

 

Project planning is considered as a pre-planning, the aim of which is to define possible so-

lutions for the renovation work. These solutions often referred to as renovation alternatives, 

include the needs, content, and implementation of pipe repair renovation alternatives. If pro-

ject planning has been properly conducted, the shareholders and owners of the building can 

make a fair comparison between the possible renovation alternatives to select the most suit-

able one. (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 67.) In other words, what is 

desired or needed to be renovated, and what are the scale and methods of renovation 

(Suomen Rakennusinsinöörien Liitto RIL ry 2009, 67, 69). In a project planning process, 

multiple renovation alternatives are presented. The board of house and shareholders select 

the most suitable renovation alternative from the target, cost, and method point of view. 

Further surveys can be requested and conducted if needed. (Suomen Rakennusinsinöörien 

Liitto RIL ry 2017, 66.)   

 

The board of the house selects a project manager for the renovation work based on the pro-

posal made by the house manager. After signing the contract, the project manager creates a 

project plan draft which also contains the required reports of health and safety issues of the 

renovation. If the board of house accepts the draft, the project manager creates a project 

survey which is commented on by authorities, shareholders, and experts involved. The pro-

ject survey contains, for instance, the assessment of condition, and other surveys previously 

conducted in the estate during the assessment of renovation need. After the acceptance of 

the project survey, the project manager creates a project program draft which is analyzed 

and commented on by shareholders. If the board of house accepts the project program draft 
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and decides to invest in the selected renovation work, the technical planning of renovation 

work can be started. If not accepted, the renovation is either canceled or further researches 

are conducted. (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 67, 68, 69, 70.)  The result 

of a project planning procedure before the final board of house meeting is an investment 

report. In the investment report, each renovation alternative, the content of which is pre-

sented in figure 17, is discussed. Based on the investment report, the board of house deter-

mines whether to invest in the renovation or not and what would the selected renovation 

alternative be in the case of investing. (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 

69.)   

 

 

 

 

 

Figure 17. Issues gathered on each renovation alternative and presented in the investment report. 

(Suomen Rakennusinsinöörien Liitto RIL ry 2009, 69) 

 .  
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4.2.2 Technical Planning 

 

The next phase in pipe repair renovation work after project planning is technical planning, 

which is divided into two phases. The two phases are draft and implementation planning. 

The results of a technical planning process are the project program and the tender documents 

created based on the technical and financial documents. (Suomen Rakennusinsinöörien 

Liitto RIL ry 2009, 71, 75, 76.) Technical documents contain the detailed drawings of reno-

vation work, and financial documents contain the agreements and contracts of the project 

(Suomen Rakennusinsinöörien Liitto RIL ry 2017, 76). If no technical drawings of the estate 

exist or such drawings differ significantly from the current state of the estate, measurements 

to create new estate drawings before the creation of technical documents must be conducted 

(RT 84-11093: 2012, 2). The process chart of the technical planning procedure is presented 

in appendix I. In the case of having bought the technical planning process from an outside 

organization, the draft phase can be left out, in which case, the implementation planning 

phase is the only phase to be conducted. (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 

71.)  

Figure 18. Issues related to determination of the content, method, and extent of pipe repair renovation. 

(Suomen Rakennusinsinöörien Liitto RIL ry 2009, 67) 
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Before the first meeting in the draft phase, the designers are surveyed and proposed by the 

project manager (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 72). In every renovation 

work, the main designer must exist (Maankäyttö- ja rakennuslaki, 5 February 1999/132, 

section 120, subsection a). In the case of pipe repair renovation, the main designer must be 

an HVAC designer and fulfill the requirements of knowledge, experience, and specified 

technical degree stated in the national building standard RakMK A2 (RT 18-10813:2003, 5). 

The main designer is responsible to ensure the fulfillment of the quality, related legislation 

and regulation of the renovation work (Maankäyttö- ja rakennuslaki, 5 February 1999/132, 

section 120, subsection a). If electric work is conducted, an electric designer must be nomi-

nated. A construction designer is needed if structures are modified either by making holes 

into supporting structures or cut (RT 18-10813:2003, 5). The needs, requirements, and re-

sponsibilities of designers and people involved in a renovation planning project and work 

are determined by the Land Use and Building Act and related guidances (Maankäyttö- ja 

rakennuslaki, 5 February 1999/132). 

 

In technical planning, the main designer, special designers, an architect, and a construction 

designer must be involved (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 71). In the first 

meeting, where the project team is involved as well, the background information, surveys, 

schedule, and implementation of renovation work are discussed. The need for possible fur-

ther investigations concerning the state of the estate is determined as well. (Suomen 

Rakennusinsinöörien Liitto RIL ry 2009, 72.) After the first meeting, building’s technical 

document drafts are created based on the available data, project program, estate strategy, and 

given instructions (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 73). 2D drawings are 

considered good enough from the piping point of view, but 3D CAD drawings are the rec-

ommended format because give the most information of all types of drawings and are also 

easy to be modified (RT 18-10813:2003, 6). Drafts are inspected by the main designer and 

presented by the designing team in the following meetings. The project team and the board 

of house decide whether the documents are accepted or further research and meetings are 

needed. Shareholders are informed during the process. The documents are also commented 

on by the local building inspector authority. (Suomen Rakennusinsinöörien Liitto RIL ry 

2009, 73.) If the created documents are accepted, the main designer applies for a construction 

permit if needed. Applications of required permits are created based on the drawing docu-

ments. (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 73.)  Project tender documents are 
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created afterward by the project manager together with the designers. Project tender docu-

ments are utilized in the creation and application of tender offers. (Suomen 

Rakennusinsinöörien Liitto RIL ry 2017, 75, 76.) The deviation of project documents created 

in technical planning divided into subcategories is presented in figure 19. The project tender 

documents are discussed in chapter 4.3.2.  

 

4.3 Preparation  

 

The preparation phase has three main sections, which are the selection of the main project 

inspector, processing of received tender offers, and the decision-making process concerning 

the project contract agreement and the renovation decision (Suomen Rakennusinsinöörien 

Liitto RIL ry 2009, 77). The preparation process is shown in appendix 2. 

  

4.3.1 Selection of Inspectors 

 

For every renovation project, a technical inspector must be selected (RT 18-10813:2003, 7). 

The responsibility of the inspector, or inspectors if multiple inspectors are needed, is to 

Figure 19. The project documents of technical planning procedure. (RIL 252-1-2009, 73; Suomen ra-

kennusinsinöörien liitto RIL ry 2017, 76) 
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ensure that renovation project as whole fulfills the quality requirements and is conducted in 

accordance with the related legislation and the project plan (Suomen Rakennusinsinöörien 

Liitto RIL ry 2009, 44). The inspectors selected for the renovation project should have ade-

quate knowledge on building construction and HVAC or other relevant technologies (RT 

18-10813:2003, 7).  

 

The main inspector, or inspectors if multiple are needed for the renovation, should be se-

lected at the as early stage of the project as possible, but at the planning stage at the latest 

(Suomen Rakennusinsinöörien Liitto RIL ry 2009, 77). From the fair and neutral observation 

and reporting of possible faults and imperfections of renovation work point of view, it is 

recommended not to choose the inspector from the same company that conducts the renova-

tion because of possible misuses. The inspector should be selected based on the received 

tender offers. (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 77, 78.) If considered nec-

essary from the selection process point of view, inspector candidates can be interviewed to 

investigate further their knowledge, experience, education, and suitability for the project. 

After the selection, a written contract between the inspector, or multiple inspectors, and the 

builder by following the principles of RT 80 282, RT 16-10745, KH X4-00302, and LVI 03-

10321 should be done. (RT 18-10813:2003, 7.) 

 

4.3.2 Contractor Selection, Tender Offers, and Project Contract 

 

The first step is conducting research on suitable contractor candidates by the project man-

ager, designers, and inspectors, followed by the board of the house meeting (Suomen 

Rakennusinsinöörien Liitto RIL ry 2017, 80). After the nomination of the most suitable con-

tractor candidates at the meeting, the tender offers created by the project manager are sent 

to the selected contractor candidates. Received tender offers are processed to select the three 

most suitable contractor candidates for the renovation work after comparing the candidates. 

Negotiations concerning the details of the renovation project are held both between the se-

lected candidates and people involved in the project. The negotiations are documented. 

(Suomen Rakennusinsinöörien Liitto RIL ry 2009, 77, 78, 79, 80, 81.)   
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After contractor negotiations, the project manager creates a renovation decision draft for the 

board of the house. An information situation for the shareholders concerning the selection 

of the contractor is usually held as well. If the board of the house accepts the renovation 

decision draft made by the project manager, the proposed contractor is selected, and a reno-

vation contract in which the responsibilities and duties of all parties of the renovation project 

are determined is signed. (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 77, 78, 79, 80, 

81.) The selected contractor, and other contractors as well, must be informed about the de-

cision. The project contract is made in accordance with the principles of RT 800260, YSE 

1998, RT 16-10669, KH X4-00257, LVI 03-10285, RT 16-10660, KH X4-00241, and LVI 

03-10277 cards. After the signing of the contract, shareholders, project team, designers, in-

spectors, and other relevant people involved in the renovation project must be informed. (RT 

18-10813:2003, 9.) The implementation phase of renovation work can be started (Suomen 

Rakennusinsinöörien Liitto RIL ry 2009, 77, 78, 79, 80, 81). The processing of tender offers 

and the selection process of the contractor among the selection process of inspectors are 

presented detailed in the appendix 2.  

 

4.4 Renovation 

 

During construction and renovation work issues guided by related regulations must be done 

in order to ensure a safe and qualified renovation project. Such issues include, for instance, 

inspections, and inspection document as well as minimization and prevention of damages 

during construction and renovation. (Suomen Rakennusinsinöörien Liitto RIL ry 2017, 79.) 

Figure 20. The list of tender offer documents. (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 74) 
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4.4.1 Start-up Meeting 

 

Depending on the characteristics of renovation such as its type, the level of difficulty, crafts-

manship and expertise of workers and designers involved, and the desired result of the con-

struction or renovation, the local building inspector authority can, if seen necessary, demand 

a meeting to be organized before the start of construction or renovation work. The main 

purpose of a start-up meeting is to research whether the renovation project planned to be 

conducted fulfills the requirements of the legislation. The persons who must, at the mini-

mum, be present at the start-up meeting are the main designer, building inspector, the 

builder, and the main foreman of the project. (Maankäyttö- ja rakennuslaki, 5 February 

1999/132, kohta 121; Ympäristöministeriön ohje, 12. maaliskuuta YM5/601/2015)   

 

A start-up meeting record, which is also the commitment of the builder to meet the respon-

sibility of care in the renovation, is prepared (RT 18-10813:2003, 8). The duties of the 

builder, all parties involved, inspectors of renovation, and people in charge are determined 

and marked into the meeting record (Suomen Rakennusinsinöörien Liitto RIL ry 2009, 84). 

Also, further researches and actions to ensure the quality and legislative requirements of 

renovation work, if needed, are determined and marked into the meeting record. Procedures 

and issues that have been agreed on in the meeting must be followed in the renovation pro-

ject. (Maankäyttö- ja rakennuslaki, 5 February 1999/132, section 121; Ympäristöministeriön 

ohje, 12. maaliskuuta YM5/601/2015, 7, 8). As stated in moment 3 in section 149c of the 

Act (132/1999), construction or renovation work is prohibited from being started before the 

nomination and acceptance of the main and other foremen needed in the project. If one or 

more foremen accepted at the start-up meeting resign, the construction must be stopped until 

new foremen have been nominated.  (Maankäyttö- ja rakennuslaki, 5 February 1999/132, 

section 149, subsection c.) The date of the first inspection is determined in the start-up meet-

ing (Ympäristöministeriön ohje, 12. maaliskuuta YM5/601/2015, 8).  

 

4.4.2 Inspections and Inspection Document 

 

Ensuring the sufficient quality and supervising of construction and renovation work as well 

as organizing inspections are considered as the responsibilities of the builder 

(Ympäristöministeriön ohje, 12. maaliskuuta YM5/601/2015, 3). During the renovation 
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work, the local building inspector authority is also responsible for supervising that renova-

tion is done in accordance with the related laws, permits, and regulations. To ensure this, the 

local inspector authority has the option to demand inspections during the renovation if seen 

necessary. (Maankäyttö- ja rakennuslaki, 5 February 1999/132, section 150, subsection a.) 

Such inspections can include, for instance, the inspection of the location, structures, and 

HVAC devices of the building (Maankäyttö- ja rakennuslaki, 5 February 1999/132, section 

150). 

 

The builder is responsible for the enablement of an inspection document at the worksite from 

the very early renovation stage. An inspection document must embody the inspections con-

ducted by foremen and authorities at the worksite during the renovation. (Maankäyttö- ja 

rakennuslaki, 5 February 1999/132, section 150, subsection f.) Marking of the inspected 

construction or renovation phase into the inspection document must be done by the foreman 

responsible for the specific phase (Ympäristöministeriön ohje, 12. maaliskuuta 

YM5/601/2015, 9, 10). In the best-case scenario, an inspection document would form a com-

plete and detailed description of the renovation project (Ympäristöministeriö 2015, 10). Pos-

sible discrepancies from the original project plan should be notified in the inspection docu-

ment as well (Maankäyttö- ja rakennuslaki, 5 February 1999/132, section 150, subsection f). 

 

During inspections, the designers and special supervisors of specific construction phases 

must be present if their knowledge is needed. Typically, the people required to be present at 

the inspections are determined in the start-up meeting of the project. (Maankäyttö- ja 

rakennuslaki, 5 February 1999/132.) According to the section of MRA, it is the responsibility 

of the foremen in charge to ensure that inspections are both terminated and conducted at the 

right stage during the renovation. If violations of legislation are observed during inspections, 

the local authority must demand the builder correct the observed violations. (Maankäyttö- ja 

rakennuslaki, 5 February 1999/132, section 150, subsection a.) The main foreman is respon-

sible for not continuing the project before the violations observed in the inspection have been 

corrected, inspected and reconfirmed into the inspection document (Ympäristöministeriön 

ohje, 12. maaliskuuta YM5/601/2015, 10).  
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4.5 Acceptance of Renovation  

 

4.5.1 Final Inspection and Acceptance 

 

A building is prohibited from being taken on use before the acceptance of its condition con-

ducted by the building inspector authority in the final inspection of the building is done. The 

six demands that must be fulfilled before the final inspection of renovation work can be 

conducted. According to the six demands, the construction and renovation of the building 

must be completed, earlier inspections must be done, and possible violations corrected, the 

inspection document must be completed and delivered to the local building inspector author-

ity. Furthermore, the maintenance instruction of the building, if required, must be completed 

and delivered to the owner of the building, and the permit of environmental protection, if 

needed in terms of the usage of the building, must be implemented before the final inspection 

can be conducted. A record of the final inspection must be written afterward. (Maankäyttö- 

ja rakennuslaki, 5 February 1999/132, section 153.)  

 

The people who are required to be present at the final inspection include the main foreman 

in charge and the builder, but the special designers and foremen of the project should also 

be present if their knowledge is needed during the inspection. If the space where the final 

inspection is supposed to be conducted a place of contemporary living, the inspection can be 

conducted only if it is the only way. (Ympäristöministeriön ohje, 12. maaliskuuta 

YM5/601/2015, 17.) The content of the record of the final inspection is not standardized, but 

it is recommended to have the target, date, and result of the final inspection documented. 

Other possible contents concern the notifications and possible deviations from the original 

building renovation design plans as well as the maintenance instructions of the building and 

the summary of the final inspection. If violations of regulations are observed, the local build-

ing inspector authority has to demand the builder to correct the violations by a given date as 

stated in moment 3 in section 153 of the Act (132/1999).  (Ympäristöministeriön ohje, 12. 

maaliskuuta YM5/601/2015, 17.) After checking of corrected violations, or if the violations 

were insignificant, the space of renovation can be taken on use (RT 18-10813:2003, 10). 

Economical inspection of renovation project is conducted after the final inspection to solve 

possibly occurring disagreements between the parties involved (Suomen 

Rakennusinsinöörien Liitto RIL ry 2009, 91).   
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4.5.2 Insurance Period  

 

The common period of insurance is equal to two years, starting after the end of the renova-

tion. In the case of water isolation, the insurance can be negotiated to last up to ten years. 

After the final inspection and the acceptance of renovation work, the state of renovated 

spaces is notified in the inspection document. ( RT 18-10813:2003, 10.) If damages during 

the period of insurance after renovation are observed, the contractor is responsible for cor-

recting them. If significant or severe damages within the renovated parts occur ten years 

after the end of the period of insurance because of the intended action of the contractor, the 

contractor is responsible for correcting them (Suomen Rakennusinsinöörien Liitto RIL ry 

2009, 92). In general, insurance inspections are recommended to be conducted and docu-

mented in accordance with the principles of RT 80283, RT 80275, RT 16-10733, KH X4-

00307, and LVI 03-10313, both one and two years after the acceptance of renovation. (RT 

18-10813:2003, 10.) 
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5 EU LEGISLATION AND THE ENERGY EFFICIENCY OF BUILD-

INGS  

 

The baseline of the EU legislation concerning the energy efficiency of building stock is de-

fined by the Energy Efficiency (EED) 2012/27/EU and the Energy Performance of Buildings 

(EPBD) 2010/31/EU Directives. Furthermore, the EU has implemented a set of related rec-

ommendations, amending directives, and Energy Performance of Buildings (EPB) standards 

that give the framework, recommendations, amendations, and guidelines concerning issues 

mentioned in the EPBD and EED. (European Directive, 30 May 2018/844/EU.) The EPB 

standards defined by the European Committee for Standardization (CEN) are ISO standards 

52000-1, 52003-1, 52010-1, 52016-1, and 52018-1 (EPB Center 2020).  From the perspec-

tive of the energy policy of the EU, the Clean Energy for All European Package includes all 

the directives and legislation on the topics of the energy performance of buildings, renewable 

energy, overall energy efficiency, regulation, and electricity market design (European 

Commission 2020e).  

 

5.1 The Energy Efficiency Directive (EED) 

 

The Energy Efficiency Directive (EED 2012/27/EU), first published in the year 2012, gives 

a general framework and requirements for member states to promote their energy efficiency 

in all fields of energy usage by at least 20 % by the year 2020, but also beyond the year 2020 

(European Directive, 25 October 2012, article 1).  

 

5.1.1 General 

 

According to Article 3, every member state should have created national plans aiming to 

decrease national primary energy consumption by the year 2020 (European Directive, 25 

October 2012/27/EU, article 3). In Article 4, the framework for creating a national long-term 

renovation strategy, further amended by the 2018/844/EU and 2010/31/EU Directives, was 

set (European Directive 2012/27/EU, 25 October 2012/27/EU, article 4). According to Arti-

cle 9, the metering of the consumption of electricity, district heating and cooling, domestic 

hot water, and natural gas should be conducted in such a way that the more realistic amount 
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and time of consumption are metered and documented by the consumer-specific smart me-

tering system if it is possible from technical, economical, and functionality point of view. In 

multi-apartment buildings with a central heating or cooling system, consumer-specific me-

ters of DHW, heating, and cooling should have been installed by the 31st of December 2016, 

if possible, from the technical, economic, and functionality point of view. Besides, the allo-

cation of the costs of DHW and thermal heating energy consumption is promoted. (European 

Directive 2012/27/EU, 25 October 2012/27/EU, article 9.) Articles 10 and 11 concern energy 

billing procedures (European Directive 2012/27/EU, 25 October 2012/27/EU, article 10, ar-

ticle 11). Articles 14 and 15 concern energy efficiency improvement procedures and trans-

formation of national energy production and distribution systems (European Directive 

2012/27/EU, 25 October 2012/27/EU, article 14, article 15). Articles from 16 to 19 concern 

both energy service and related education and accreditation systems (European Directive 

2012/27/EU, 25 October 2012/27/EU, article 16, article 17, article 18, article 19.) According 

to Article 28, the content of the EED 2012/27/EU Directive should have been integrated into 

the national legislation of each Member State by the 5th of June by 2014 (European Directive 

2012/27/EU, 25 October 2012/27/EU, article 28).  

 

5.1.2 Energy Efficiency Plans and Strategies 

 

From the energy efficiency targets of 2030 point of view in the 2018/844/EU Directive, the 

Member States should create long-term national integrated energy and climate plans (NECP) 

for the years between 2021 and 2030 by following the principles of Annex I of the 

2018/1999/EU Directive and update created plans every ten years (European Regulations, 

11 December 2018/1999/EU, article 3, subarticle 1). Member states should also create na-

tional long-term strategies that are in accordance with the Paris 2015 Agreement (United 

Nations 2015), the EU climate neutral by 2050 long-term strategy (European Commission 

2020d), and the Green Deal (COM/2019/640). The submission of the first national long-term 

strategy was due by the 1st of January 2020. (European Commission 2020c)  
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Table 10.  Integrated NECP, and national and EU long-term strategies. (European Commission 2020d; Euro-

pean Parliament Resolution, 14 March 2019/2582/(RSP); European Directive, 11 December 2018/2008/EU; 

European Regulations, 11 December 2018/1999/EU; European Commission 2020c) 

Integrated National Energy and 

Climate Plan (NECP) 

(for years 2021-2030) 

National Long-term Strategy 

(till the year 2050) 

EU Long-term Strategy 

(till the year 2050) 

Topics: 

- National objectives and targets 

    - Decarbonization 

         - GHG emissions reduction 

         - Renewable energy  

    - Energy efficiency 

    - Energy security 

    - Internal energy market 

        - Electricity interconnectivity 

        - Transmission infrastructure 

        - Integration of markets 

        - Energy poverty 

- Research and investigation 

- Reduction of GHG emissions 

- Policies and measures  

- Current situation 

- Impact assessment 

Topics: 

- Total GHG emission reduction 

- Emission reductions of    indi-

vidual sectors 

- Conversion towards a low 

GHG emission economy 

- Observation of related effects 

of implemented actions 

- Linking the strategy to other 

national strategies 

- Long-term renovation strategy 

Topics: 

- Total GHG emission reduction 

- Emission reductions of indi-

vidual sectors 

- Conversion towards a low 

GHG emission economy 

- Observation of related effects 

of implemented actions 

- Linking the strategy to other 

EU strategies 

Updated in every 10 years New strategy every 10 years. 

Updated in every 5 years 

 

 

5.1.3 The Amending 2018/2002/EU Directive 

 

The Energy Efficiency Directive 2012/27/EU was amended by the 2018/2002/EU Directive 

in December 2018 to meet the needs and goals of and to be in accordance with the Paris 

2015 Agreement by the United Nations (UN) and the Energy Union Strategy by the EU that 

were both published in the year 2015. Extensions of long-term goals, such as reducing na-

tional GHG emissions and primary energy consumption as well as increasing the usage and 

share of renewable energy by and beyond the year 2030, were added as a part of achieving 

a carbon-neutral and energy-efficient Union by 2050. (European Directive, 11 December 

2018/2002/EU.) The amended version of the 2012/27/EU Directive and the changes made 

by the 2018/2008/EU and 2018/1999/EU Directives were to be integrated into the national 
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legislation by the 25th of June 2020 except Article 1 (5-10) and Annex (3, 4) that should be 

integrated by the 25th of October 2020. (European Directive, 11 December 2018/2002/EU.) 

 

5.2 Energy Performance of Buildings Directive (EPBD) 

 

The EPBD 2010/31/EU Directive was first published on the 19th of May in the year 2010 

and amended afterward on the 30th of May 2018 by the 2018/844/EU Directive (European 

Directive, 30 May 2018/844/EU, article 1; European Directive, 19 May 2010/31/EU, article 

1).  

 

5.2.1 General  

 

According to Article 1, the EPBD includes requirements and guidelines concerning the def-

inition and calculation methods of the energy efficiency of buildings, the national minimum 

energy efficiency demands of buildings, the implementation of minimum energy demands, 

plans of increasing the amount of zero-energy buildings (NZEBs) in each Member State, 

procedures and implementation of a national energy efficiency certificate systems, as well 

as energy system inspection and reporting procedures of building. (European Directive, 19 

May 2010/31/EU, article 1.) The main goal of the EPBD (2010/31/EU) together with the 

EED (2012/27/EU) is not only to help transform the European building stock into carbon-

neutral and energy-efficient through the means of construction and major renovation activi-

ties of new and existing buildings by the year 2050 but also to give information on energy 

efficiency to its shareholders (European Commission 2019b; European Directive, 19 May 

2010/31/EU recast). Member states should also take the possibilities, integration, and devel-

opment of decentralized renewable energy production, co-production, heat pump systems, 

and district heating and cooling systems into account in the fulfilling of the primary energy 

demand and requirements of the energy performance of building stock in the future 

(European Directive, 19 May 2010/31/EU recast, article 6, subarticle 1). According to Arti-

cle 28, the issues mentioned in articles 2-18, 20 and 27 of the EPBD (European Directive, 

19 May 2010/31/EU recast) should have been integrated into the national legislation in terms 

of laws, provisions, and regulations needed to comply with the Articles, and implemented 

by each Member State by the 9th of July 2012 (European Directive, 19 May 2010/31/EU 

recast, article 28). 
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5.2.2 Energy Efficiency and Energy Performance of Buildings 

 

Each Member State was supposed to create a national calculation method and set national 

cost-optimal minimum levels of energy efficiency from the entire life cycle point of view 

for buildings and building elements that have a remarkable effect on the energy performance 

of a building following the guidelines presented in the EPBD Annex I, unless the type of 

building was among the ones mentioned in table 12 on page 69 (European Directive, 19 May 

2010/31/EU recast, article 4, subarticle 1, article 3). National calculation methods were sup-

posed to have been created in accordance with the Energy Performance of Buildings (EPB) 

standards ISO 52000-1, 52003-1, 52010-1, 52016-1, and 52018-1, published by the Euro-

pean Committee for Standardization (CEN) (European Directive, 30 May 2018/844/EU). In 

addition, local conditions such as climate conditions, age and function of buildings, energy 

demands, technical building systems, building type, and building-specific data should be 

taken into account in the calculation of energy performance and energy efficiency levels of 

buildings (European Directive, 19 May 2010/31/EU recast, Annex I).  

 

Buildings and building elements that the minimum energy performance requirements con-

cern, are defined by Article 4 subarticle 2 (a-e) in the EPBD (2010/31/EU) (European 

Directive, 19 May 2010/31/EU recast, article 4, subarticle 2 (a-e)). Building element is a 

term that refers either to a building envelope part or to a technical building system (European 

Directive, 19 May 2010/31/EU recast, article 2, subarticle 9). The types of buildings the 

minimum energy efficiency levels of which are not required to be defined, but the energy 

efficiency of which needs to be calculated, are presented in table 12 (European Directive, 19 

May 2010/31/EU recast, article 4, subarticle 2 (a-e)). From the new buildings point of view, 

the national minimum levels of energy efficiency should be fulfilled in each Member State, 

as stated in Article 4 of the EPBD (European Directive, 19 May 2010/31/EU recast, article 

6, subarticle 1). From the existing buildings to be renovated point of view, the levels of 

minimum energy efficiency for the entire building or building elements, as stated in Article 

4 in the EPBD, should be met after renovation, and ensured by measurements if needed, if 

it is possible from the technical, economical, and the functionality point of view (European 

Directive, 19 May 2010/31/EU article 7). The major renovation of buildings provides the 

most significant possibility to improve the energy performance of buildings and decrease 

related GHG emissions through cost-effective renovation activities (European Directive, 19 
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May 2010/31/EU recast). The energy efficiency of a building should be presented by a clear 

primary energy performance indicator in the unit of kWh/(m2a) (European Directive, 30 May 

2018/844/EU, Annex I). 

Table 11. EPB Standards. (EPB Center, 2020) 

Code of Standard Name of Standard 

ISO 52000-1:2017 Energy Performance of Buildings. Overreaching EPB assessment:  

Part 1: General Framework and Procedures 

ISO 52003-1:2017 Energy Performance of Buildings. Indicators, requirements, ratings and certificates. 

Part 1: General aspects and application to the overall energy performance 

ISO 52010-1:2017 Energy Performance of Buildings. External climatic conditions.  

Part 1: Conversion of climatic data for energy calculations 

ISO 52016-1:2017 Energy Performance of Buildings. Energy needs for heating and cooling, internal 

temperatures and sensible and latent heat loads. Part 1: Calculation procedures 

ISO 52018-1:2017 Energy Performance of Buildings. Indicators for partial EPB requirements related to 

thermal energy balance and fabric features. Part 1: Overview of options 

 

Table 12. The types of buildings the minimum energy performance levels of which are not required to be 

determined. (European Directive, 19 May 2010/31/EU recast, article 4, subarticle 2 (a-e))  

 

5.2.3 National Nearly Zero-Energy Buildings (NZEBs) Strategy 

 

According to Article 9 in the EPBD (2010/31/EU), each Member State must create and im-

plement a national strategy to increase the amount of NZEBs in its building stock. The strat-

egies should contain a national definition of an NZEBs, including specific and detailed de-

scriptions, conditions, and primary energy indicator limit values modified to national condi-

tions in the unit of kWh/m2a related to the definition. The intermediate goals of the improve-

ment of the energy efficiency of buildings should be included as well. Reports on accepted 

national policies, financial measures, and requirements related to the utilization of renewable 

Building types excluded from energy efficiency classification of buildings 

Officially protected buildings. 

Buildings of religious and worship usage. 

Buildings of temporary usage of no more than two years in total. 

Buildings of residential usage of no more than four months a year in total. 

Residential buildings with energy consumption of no more than 25 % of the annual value. 

Buildings of no more than 50 m2 of useful floor-area. 



74 

 

energy in new buildings and in existing buildings that are major renovated, are included. By 

the 31st of December 2020, all new buildings should fulfill the criterion of an NZEB, mean-

ing that new buildings built after the date should be NZEBs. (European Directive, 19 May 

2010/31/EU recast, article 9, subarticles 1 and 3.) Each member state should report on the 

national progress of increasing the amount of NZEBs in building stock to the European 

Commission every three years (European Directive, 19 May 2010/31/EU recast, article 9, 

subarticle 5). Recommendations on NZEBs are given by the 2016/1318/EU Directive 

(European Recommendations, 29 July 2016/1318/EU). 

 

A nearly zero-energy building refers to a building the energy efficiency of which, also called 

energy performance, is significantly high and the non-renewable energy consumption of 

which is significantly low and covered, to a great extent, by renewable energy either deliv-

ered or produced nearby or on-site (European Recommendations, 29 July 2016/1318/EU). 

A high energy performance rate indicates that primary energy need is almost zero or very 

low and mostly covered by renewable energy (ECOFYS 2013, 7). Primary energy refers to 

the amount of energy needed to produce the amount of energy delivered to and consumed in 

a building. The primary energy includes both renewable and non-renewable energy and 

energy losses, referred to as the total primary energy. (Commission Recommendations, 16 

January 244/2012/EU, chapter 2.) An increase in the number of NZEBs would quite likely 

increase renewable energy usage and decrease the GHG emissions of national building 

stocks, which are part of the EU’s goals of achieving its climate targets and a carbon-neutral 

building stock by 2050 but also under the climate goals of the Paris 2015 Agreement 

(ECOFYS 2013, 26; European Commission, February 2015 COM(2015), 6; United Nations 

2015, article 4) 

 

The level of what is considered as “ high energy efficiency”, “significantly low”, or “great 

extent” are determined by each Member State based on their national building code and 

legislation as well as on factors affecting indoor space conditions and total energy need for 

buildings at the local scale. Energy performance, expressed by a primary energy indicator, 

is correspondent to the total primary energy need, also referred to as the final energy need 

for a building, that is required to cover the typical energy use of the building in such a way 

that the national minimum energy use requirements related to the achievement and mainte-

nance of national minimum indoor space, comfort, quality, and health conditions are 
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fulfilled. In other words, the energy need of a building is equal to the total amount of energy 

needed for heating, cooling, domestic hot water production, lighting, and ventilation, includ-

ing also energy losses, to achieve desired indoor climate conditions. (European Recommen-

dations, 29 July 2016/1318/EU.) 

 

From the majority of the Member States of the EU point of view, the primary energy indi-

cator limit value has been set to 50 kWh/(m2a) for residential NZEBs, but the range of limit 

values varies from 0 to 270 kWh/(m2a). Values are not comparable because the local condi-

tions and calculation methods of Member States vary. (European Directive, 30 May 

2018/844/EU.) The NZEB strategies of member states presented in table 13 and submitted 

to the European Commission from the year 2011 to the year 2018 were published and are 

available online at the European Commission’s web page both in English and Native lan-

guages. The webpage was last updated on the 28th of January 2020. (European Commission 

2020c.)   

 

Table 13. Country and the Time of Publication of 

National NZEB Strategies (European Commission 

2020c). 

Member State Month and Year 

Austria December 2012 

Belgium September 2012 

Bulgaria Unknown, 2015 

Croatia October 2013 

Cypros Unknown, 2017 

Denmark November 2012 

Finland October 2012 

France Janunary 2013 

Germany January 2013 

Greece December 2017 

Hungary January 2013 

Ireland November 2012 

Italy October 2013 

Lithuania September 2012 

Luxembourg July 2013 

Malta August 2015 

Netherlands September 2012 

Portugal Unknown, Unknown 

Romania October 2013 

Slovakia Unknown, Unknown 

Slovenia April 2015 

Spain November 2014 

Sweden March 2012 

United Kingdom September 2012 

5.2.4 National Energy Performance Certificate (EPC) System  

 

Each Member State should have created a national energy performance certificate system 

for buildings (European Directive, 19 May 2010/31/EU recast, article 11, subarticle 1). As 
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stated in Article 12 in the recast EPBD (2010/31/EU recast) Directive, an energy certificate 

is needed for a building that is major renovated, constructed, owned by a public authority 

and has more than 250 m2 of floor area, is either sold or rent to a new owner or a tenant, or 

the certificate of which either does not exist or the previous one is invalid. (European Di-

rective, 19 May 2010/31/EU recast, article 12.) The certificate should contain the energy 

performance indicator value and other necessary additional measurements of the building. 

For instance, the minimum energy efficiency requirements and the average annual primary 

energy consumption of a reference building, and the share of renewable energy. This allows 

the tenants and owners of the building to evaluate the energy performance of the building. 

Recommendations concerning the cost-effective improvements of energy performance 

should also be included in the certificate if significant improvements cannot be made due to 

previously established legislation. From the range and coverage of recommendations point 

of view, actions conducted during the major renovation of a building element should be 

considered. The source of additional information on the issues mentioned in the energy cer-

tificate should be stated. A single energy certificate is valid only for ten years at the maxi-

mum. (European Directive, 19 May 2010/31/EU recast, article 11, subarticles 1, 2, 4 and 8.) 

Energy performance certificate is defined by clause 11 of the EN ISO 52003-1 standard (EN 

ISO 52003-1: 2017). 

 

5.2.5 National Long-term Major Renovation Strategy 

 

According to Article 1 moment 2 of the 2018/844/EU Directive that amended the EPBD 

2010/31/EU Directive, each Member State should create a national long-term strategy of 

renovation, the aim of which would be the investigation of cost-effective deep renovation 

possibilities within the Member State’s building stock converting national building stock 

into carbon-neutral and energy efficient by the year 2050 through the conversion of existing 

buildings to almost zero-energy buildings (NZEBs) (European Directive, 30 May 

2018/844/EU, article 1; European Directive, 25 October 2012/27/EU, article 4.) National 

long-term renovation strategies included in national energy efficiency action plans 

(NEEAPs) updated every three years are created in accordance with the Articles 4 and 24 of 

the EED (2012/27/EU) by each Member State (European Directive, 30 May 2018/844/EU, 

article 2; European Directive, 25 October 2012/27/EU, article 4, article 24).  
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National long-term major renovation strategies, the frameworks of which are presented in 

appendix 6, the supporting guidelines of which are defined by chapter 2 of the EU 2019/786 

Recommendation on Building Renovation and defined by the 2018/844/EU Directive, should 

also contain the utilization strategy of smart technology and the energy community principle. 

Through the utilization of smart technologies and the energy community principle, the en-

ergy use of buildings could be optimized, the maintenance of technical building systems 

made easier, the needs of the residents of a building could be better fulfilled, and the share 

of the elasticity of the demands of electricity could be increased due to the higher portion of 

on-site renewable energy production. (Commission Recommendation, 8 May 2019/786/EU, 

chapter 2.) A carbon-neutral building stock has not been defined by the EU yet. Nevertheless, 

the main goal in the reduction of the GHG emissions of building stock, and achieving the 

2050 carbon neutrality goal of building stock, is to decrease the energy consumption of 

buildings, for instance, through major renovation, and cover the remaining energy need with 

renewable energy as much as possible taking local renewable energy resources and possibil-

ities into account. From observing the progress of GHG emissions reduction point of view, 

numerical indicators and intermediate goals for the years 2030, 2040, and 2050 in national 

energy efficiency plans are needed. (Commission Recommendation, 8 May 2019/786/EU, 

chapter 2.3.2.) According to Article 10 subarticle 6 of the EPBD (2010/31/EU), the improve-

ment of the energy performance of a building is recommendable and should be measured by 

an energy performance indicator in terms of the achieved and desired energy consumption, 

GHG emissions, or costs of a building after renovation in comparison to the reference value 

of the pre-renovation state by one or more method and criteria mentioned in Article 1 sub-

article 6 in 2018/844/EU (European Directive, 30 May 2018/844/EU, article 1, subarticle 6.)  
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Table 14. Identification of the energy efficiency improvements of a building due to renovation. (European 

Directive, 30 May 2018/844/EU, article 1, subarticle 6 (a-e)) 

Article 10 (6(a-e)) 2010/31/EU 

(Article 1 (6(a-e)) 2018/844/EU) 
Content 

1(6a) Materials and equipment used in renovation must be installed by a 

professional installer having enough expertise. 

1(6b) In energy calculations, standardized values must be used. 

1(6c) After renovation, possible improvements of energy efficiency are re-

searched by conducting comparisons of energy performance certifi-

cate values before and after renovation.  

1(6d) Energy audit results. 

1(6e) Comparing energy efficiency results to a relevant reference building 

to observe the occurrences of possible energy efficiency improve-

ments. 

 

5.2.6 The Amending EPBD 2018/844/EU Directive 

 

At the meeting of the European Commission held on the 1st of January in the year 2017, the 

achieved progress of the implementation and application of the content of the EPBD 

(2010/31/EU) in each Member State was inspected, which led to the development, improve-

ment, and modification of the EPBD (2010/31/EU) Directive based on the data gathered 

from the Member States. The EPBD (2010/31/EU) Directive was amended by the 

2018/844/EU Directive on the 30th of May in the year 2018. (European Directive, 30 May 

2018/844/EU.) Amendments were related to national long-term major renovation strategies, 

technical building systems, smart readiness, and inspections as stated in Article 1 in the 

amended EED (2018/844/EU) Directive (European Directive, 30 May 2018/844/EU, article 

1). 

  

5.3 Energy Performance and Efficiency of Buildings  

 

An energy feature, often referred to as an EPB feature, is defined as any element of a building 

that influences the building’s energy performance (ISO 52000-1:2017, chapter 3.5.6). An 

energy performance indicator is used as a numerical representation of the energy perfor-

mance of a specific energy feature. In the case of considering the energy performance of an 

entire building, the energy performance indicator is referred to as an overall energy 
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performance indicator. If the parts of a building envelope or technical building systems, or 

a mixture of them, instead of an entire building, are considered, the indicator is called a 

partial energy performance indicator. (ISO 52003-1:2017, chapter 7.1.) Partial energy per-

formance indicators are the calculated or measured numerical values of the energy needs and 

usages of either the entire or partial specific technical building systems or building envelope 

(ISO 52003-1:2017, chapter 7.3.2). In the case of overall energy performance, the E-value 

indicator representing the difference between the weighted delivered and exported primary 

energy of a building is the most commonly used one to indicate the energy efficiency of 

buildings (ISO 52003-1:2017, chapter 7.3.1). E-value can be divided into subcategories 

based on the type of energy (renewable, non-renewable, delivered, or exported) and allocated 

into partial energy performance values (ISO 52003-1:2017, chapter 7.3.1). Energy perfor-

mances can also be quantified and expressed by several different numerical indicator units 

depending on the case (ISO 52003-1:2017, chapter 6).  

 

Partial and overall energy performance indicator values are classified by conducting a com-

parison between them and relevant reference values. The energy performance classification 

system includes seven classes, from class A to class G, which are defined by a nonlinear 

scale function and a reference value. The proportion of the calculated or measured energy 

performance value in relation to the reference value determines its energy performance class. 

Energy performance classes may also have subclasses such as B+ or C++, for instance. (ISO 

52003-1:2017, chapter 10.2.) The unit is usually kWh/(m2a) (ISO 52003-1:2017, chapter 

7.1). Overall and partial energy performance could also be weighted by several weighting 

factors and calculated in terms of the GHG emissions (GHG weighting factor) or costs (cost 

weighting factor) of a building or building element under study (ISO 52000-1:2017, chapter 

9.6.1).  

 

5.3.1 Energy Performance Assessment  

 

Each Member State has national calculation methods for the determination of the energy 

efficiency, performance, and minimum energy need of buildings. However, national meth-

ods are in accordance with the content of the EPB standards. Before conducting an energy 

performance assessment, the preparation parameters according to the EN ISO 52000-1 (EN 
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ISO 52000-1:2017) must be determined. These parameters determine and specify the energy 

performance assessment. (SFS-EN ISO 52000-1:2017, chapter 5.2, chapter 6.)  

 

5.3.2 Energy Balance of a Building 

 

From the overall energy performance assessment point of view, the system boundary of the 

building or buildings in question must be determined (ISO 52000-1:2017, chapter 9.5). The 

system boundary of the energy use of a building or buildings defines the borders of on-site, 

nearby, and distant energy production but also the energy system boundary across which 

energy flows, either calculated or measured, are divided into on-site, delivered, and exported 

energy flows (ISO 52000-1:2017, chapter 9.5.1; Kurnitski 2013, 24, 25).   

 

The energy need of a building includes the energy needs of heating, ventilation, cooling, 

DHW, lighting, and appliances, excluding energy losses. The energy use of a building in-

cludes the energy need of the building as well as the on-site renewable energy production 

and all energy losses within the building system boundary. Energy flows inside the system 

boundary are divided into heating energy, cooling energy, electricity, and energy losses. 

From the system boundary point of view, delivered energy is divided into electricity, district 

heating energy, district cooling energy, and fuels. Exported energy is divided into electricity, 

heating energy, and cooling energy. Furthermore, internal and external heat gains, losses, 

and loads such as those originated from the sun, lightning, electrical appliances, and people, 

must be taken into account as well. (Kurnitski 2013, 23, 25.) Furthermore, energy flows can 

be divided into renewable and non-renewable energy sections by utilizing renewable and 

non-renewable primary energy factors (Kurnitski 2013, 26).  

 



81 

 

 

Descriptions of figure 21:  

1. Building’s energy need  13. On-site RE electricity 

2. Building’s net energy use  14. On-site RE cooling energy 

3. Building’s energy use  15. On-site RE heating energy 

4. On-site renewables   16. External heat gains 

5. On-site energy system  17. Heat losses  

6. Exported electricity   18. Heating energy 

7. Exported cooling energy 19. Cooling energy 

8. Exported heating energy  20. Electricity (lighting)  

9. Delivered fuels   21. Electricity (appliances) 

10. Delivered electricity  22. System boundary 

11. Delivered cooling energy 23. Internal heat loads 

12. Delivered heating energy   

    

Weighted primary energy indicator value for each exported and delivered energy carrier i 

can be calculated by utilizing the specific national primary energy factor and specific quan-

tified energy flow value for each specific energy carrier i. The total primary energy values 

of delivered and exported energy are the sums of every form of delivered and exported en-

ergy, respectively. (Kurnitski 2013, 24.)  The total weighted primary energy value is equal 

Figure 21. The energy boundary system of a building. (SFS-EN ISO 52000-1:2017; 

Kurnitski 2013) 
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to the difference between the weighted delivered and exported total primary energy at the 

annual level. The total primary energy can be divided into the sections of renewable and 

non-renewable primary energy. (EN ISO 52000-1:2017, chapter 9.6.1, chapter 9.6.2.) The 

primary energy divided by the net floor area of a building is the building’s energy perfor-

mance in the unit of kWh/m2a of either renewable, non-renewable, or total primary energy 

per unit floor area. (Kurnitski 2013, 24). The weighted primary energy equivalent value of a 

single energy carrier flow i is calculated by multiplying the quantified flow value Ei of an 

energy carrier i by the energy carrier-specific primary energy factor fi (Kurnitski 2013, 24). 

There are weighted renewable, non-renewable, and total primary energy factors for each 

possible energy carrier form i listed in table B.16 in Annex B in EN ISO 52000-1 standard. 

In the same table, there are also relevant CO2 emission factors for each energy carrier i. (EN 

ISO 52000-1:2017.) The difference between exported and delivered primary energy is the 

primary energy of the building. For example, the non-renewable primary energy per unit 

floor area of a building is the building’s E-value. The energy performance of a NZEB ex-

pressed as the non-renewable primary energy consumption per unit floor area is presented 

by equations 1 and 2 below. (Kurnitski 2013, 24.)  

 

 𝐸𝑃.𝑛𝑟𝑒𝑛 = ∑ (𝐸𝑑𝑒𝑙.𝑖𝐹𝑑𝑒𝑙.𝑛𝑟𝑒𝑛.𝑖)𝑖 − ∑ (𝐸𝑒𝑥𝑝.𝑖𝑓𝑒𝑝𝑥.𝑛𝑟𝑒𝑛.𝑖)𝑖    (1) 

  𝐸𝑃𝑃 =  
𝐸𝑃.𝑛𝑟𝑒𝑛

𝐴𝑛𝑒𝑡
   (2) 

𝐸𝑃.𝑛𝑟𝑒𝑛  = Non-renewable primary energy  

𝐸𝑑𝑒𝑙.𝑖 = Delivered primary energy for energy carrier i 

𝐸𝑒𝑥𝑝.𝑖  = Exported primary energy for energy carrier i 

𝑓𝑑𝑒𝑙.𝑛𝑟𝑒𝑛.𝑖 = Non-renewable primary energy factor for delivered energy carrier i 

𝑓𝑒𝑥𝑝.𝑛𝑟𝑒𝑛.𝑖 = Non-renewable primary energy factor for exported energy carrier i 

𝐸𝑃𝑃 = Primary energy   

𝐴𝑛𝑒𝑡 = Net floor-area of a building 
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5.4 Energy Community   

 

To an increasing extent, the energy systems of nowadays’ world are being evolved from 

centralized systems into decentralized smart energy systems better capable of utilizing re-

newable energy sources (RES), storage systems of energy (ESS), and demand-side response 

(DSR). The plan of the decarbonization of society is likely to result in a significant decrease 

in fossil fuel-based centralized energy production and an increase in decentralized renewable 

energy production. (Ghiani et al. 2019, 1, 2). As a part of the smart energy system, the con-

cept of energy community is presented in the Clean Energy Package for All European Res-

idents created by the EU Commission (Ghiani et al. 2019, 2). Energy communities can be 

divided into renewable and citizen energy communities, as described in the Renewables and 

the recast Electricity Directives. However, definitions might still evolve in the future. 

(Ghiani et al. 2019, 2). A renewable energy community (REC) applies only to an energy 

community utilizing renewable energy as stated in the Renewable Energy Directive 

(2018/2001/EU), and a citizens’ energy community applies for any type of energy as stated 

in the Internal Electricity Market Directive (2019/944/EU) (Caramizaru and Uihlein 2020, 

7).  

 

5.4.1 Types of Energy Communities 

 

A renewable energy community (REC), defined by Article 2 subsection 16 of the 

2018/2001/EU Directive, consists of legal or natural persons independently and significantly 

influenced by its close shareholders associated with projects. Shareholders can, for instance, 

include municipalities and legal and natural persons. The members of a REC are voluntarily 

involved in the renewable energy (RE) projects of their own. (European Directive, 11 

December, 2018/2001/EU,section 2, subsection 16.) A REC is capable of producing, storing, 

consuming, distributing, and selling renewable energy by utilizing the resources of its own 

(Ghiani et al. 2019, 3). The primary purpose of a REC is not to gain profit but to give eco-

nomic, social, and environmental benefits to its shareholders and local region. (European 

Directive, 11 December 2018/2001/EU, article 2, subarticle 16). The definition of a citizen 

energy community defined by the 2019/944/EU Directive is almost the same as that of a 

REC. A citizen energy community can also produce, distribute, supply, and store on-site 

generated renewable energy and provide related services, such as charging points for electric 
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cars, to their shareholders and members. (European Directive, 5 June 2019/944/EU, article 

2, subarticle 11.) The difference is, by its definition, that a citizens’ energy community is 

allowed to utilize any type of energy, both renewable and non-renewable energy. In contrast, 

a REC is allowed to utilize only renewable energy. (Caramizaru and Uihlein 2020, 7.)  

 

An energy community can be further divided into a local and decentralized energy commu-

nity. A local energy community being either cross-building or building-specific consists of 

one or more buildings. A decentralized energy community consists of several buildings sit-

uated over great distances. (Airaksinen et al. 2019, 22, 25; Pahkala et al. 2018, 19.) Similarly, 

Energy Communities: an Overview of Energy and Social Innovation (Caramizaru and 

Uihlein 2020) publication states the three types of energy communities to be a building-

specific (housing association) energy community within a building, a local cross-boundary 

(across estate borders) energy community consisting of several nearby buildings, and a de-

centralized cross-boundary energy community consisting of several buildings regardless of 

the distance between them.  

 

5.4.2 Concept and Promotion 

 

The basic principle of a smart energy system network, sometimes called a smart distribution 

network, is to create a decentralized and intelligent energy network system not only capable 

of transferring energy from the regional grid to end-consumers through the local network 

but also capable of transferring energy generated from local decentralized renewable energy 

sources (RESs) and ESSs, such as small scale solar PV plants and battery storages, to the 

participants of the energy system. Energy transfer would be fully automatized and optimized 

by the local network operator and distribution management system (DMS or EMU) distrib-

uting energy based on consumers’ energy demand. Another responsibility of the central en-

ergy management unit (EMU) is to balance occasionally occurring power fluctuations due 

to the variable power production of RESs in the system. Excess energy can be either trans-

ferred upstream to the public grid, stored into decentralized energy storage systems (ESSs), 

or transferred to consumers within the energy system. (Ghiani et al. 2019, 6, 7, 8.) 

  

Every building is considered as an individual part of a smart energy system equipped with a 

smart automatization system of demand-side response. An individual building is either a 
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passive energy user, energy user with RES production, energy user with an ESS, or energy 

user with a combination of these previously mentioned. Every building in a smart energy 

system has an EMU of the user location of its own regulating and optimizing the building’s 

energy use. Smart meters (SMs) are used to collect consumption data and sent it to the EMU 

to create forecasts of the following days’ energy needs. If a building has an ESS or on-site 

RE production, the EMU both discharges and charges the ESS, based on the current on-site 

RE production and building’s energy need, store produced on-site renewable energy and 

discharges stored energy for the use or into the smart grid to be used by other consumers. 

The produced on-site RE neither able to be used nor stored, is imported to the grid. (Ghiani 

et al. 2019, 7, 9, 10.) Nevertheless, neither specific definitions nor principles of smart energy 

systems have been implemented in the EU legislation yet. However, the Clean Energy Pack-

age (CEP), containing the On the Promotion of the Use of Energy from Renewable Sources 

(2018/2001/EU), the On Common Rules for the International Market for Electricity 

2019/944/EU and the amending 2012/27/EU Directives, include the main ideas of an energy 

community and a smart energy system. (Ghiani et al. 2019, 2.) The simplified process chart 

of a smart local energy community from the perspective of a single smart building is pre-

sented in figure 22 on the next page. 
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The Article 22 of the RES Directive (2018/2001/EU) defines the national promotion and 

consumers’ rights of renewable energy communities. According to the Article 22 of the Di-

rective, the participation of households in renewable energy communities (RECs) should be 

promoted by the Member States. RECs should be allowed to generate, store, consume, and 

sell electricity generated by production facilities owned by themselves, and distribute the 

electricity within the renewable energy community. Member States should remove possibly 

occurring legislative contradictions and barriers concerning RECs from national legislation 

and enhance the fair and equal treatment of the members of RECs. Being a member of a 

REC should not cause any harm for final consumers’ from legislative rights and conditions 

point of view making it more difficult or impossible to be involved in community activities. 

(European Directive, 11 December 2018/2001/EU, article. 22.)   

 

  

Figure 22. A Smart Local Energy Community. (Ghiani et al., 2019) 
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6 ENERGY COMMUNITIES IN FINLAND AND GERMANY  

 

In this chapter, the transmission of electricity inside an energy community (building-specific, 

local, and decentralized) consisting of one or more apartment buildings utilizing the pro-

tected decentralized apartment utility model in Finland and Germany are researched.  

 

6.1 The Protected Decentralized Apartment Building Utility Model 

 

According to the protective demands of the decentralized utility model defining the technical 

system boundaries of the model, the main components of are a solar PV system for electricity 

generation, an energy storage system (ESS) for storing generated electricity, a decentralized 

energy accumulator system for DHW production, and control units for the control and opti-

mization of the operation of the system. The model contains four different types of energy 

accumulators to choose from, as stated in the second protective demand.  The protection 

documents can be found in Finnish PatInfo (Patentti- ja rekisterihallitus 2020) and German 

databases. The protective demands are presented in table 15 on the next page. The system 

charts of both centralized and decentralized utility models are presented in appendices 12 

and 13.   

 

 

Table 15. The protective demands of the decentralized apartment building domestic hot water utility model. 

(Katajisto Hannu 2018, 9, 10)  

Protective 

Demand 

Content 

1. The four systems included in the utility model are: 

      - a solar PV system 

      - an energy storage system (ESS) 

      - a decentralized energy accumulator system (EAS) 

      - control systems 

2. The energy accumulators used are selected among the four types of accumulators that are 

      - water heater 

      - double-casing energy accumulator 

      - hybrid energy accumulator 

      - exhaust air heat pump (EAHP) 

3. The decentralized ESS contains multiple storages 
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4. The utility model contains inverters for alternative current (AC) generation 

5. The utility model contains equipment for charging electric cars 

6. The utility model contains equipment for wireless data transmission through IoT 

7. The utility model contains a database of collected data 

8. The utility model contains equipment for electricity measuring 

9. The utility model contains equipment for heating and cooling energy measuring 

10. The utility model contains equipment for defining apartment specific energy-efficiency 

11. The utility model contains an algorithm used for the adjustment of electricity distribution 

in accordance with the electricity demands of apartments 

12. The utility model contains an algorithm used for the operation and optimization of the so-

lar PV, ESS, and EAS systems 

 

6.2 Electricity Transfer in an Energy Community  

 

In the case of the apartment building’s domestic hot water utility model, referred to as the 

decentralized apartment building utility model or decentralized utility model in this thesis, 

the excess energy of a building generated either by a heat recovery or photovoltaic (PV) 

system could be stored either in ESSs including building-specific centralized battery system, 

apartment-specific decentralized energy accumulators, or electric car batteries connected to 

the building’s electrical system through charging points. The excess energy could also be 

transferred to other smart buildings inside the energy community with a smart central energy 

management unit (EMU) that balances the energy consumption and production of connected 

buildings and apartments. (Katajisto Hannu 2018, 8.) A community consisting of several 

interconnected smart buildings utilizing the decentralized utility model would form a smart 

energy community as a part of a smart energy grid the ideas of which have been promoted 

by the Clean Energy for All Europeans Package, the recast Renewables Directive 

(2018/2001/EU), and the Electricity Directive (2019/944/EU) helping in the creation of a 

carbon-neutral and energy-efficient decentralized smart energy system (Ghiani et al. 2019, 

2; European Directive, 5 June 2019/944/EU, chapter 1, subchapter 1).  
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6.2.1 Situation in Finland 

 

From the Finnish legislation point of view, the Finnish Electricity Market Act (The Finnish 

Electricity Market Act, 9 August 2013/588) is the law that regulates the production, transfer, 

import, export, and distribution of electricity in Finland (The Finnish Electricity Market Act, 

9 August 2013/588, section 2). However, there is currently no specific definition either on 

an energy community or electricity transmission procedures within such a community in the 

Electricity Market Act (The Finnish Electricity Market Act, 9 August 2013/588) although ‘a 

community’ is mentioned as an acceptable applicant of an electrical network permit in Sec-

tion 6 subsection 1. Only legal or natural persons licensed and granted a specific electrical 

network permit by the Finnish Energy Authority are considered as legal producers of elec-

tricity allowed to operate in the Finnish electric network (The Finnish Electricity Market 

Act, 9 August 2013/588, section 3, subsection 15, section 4). The requirements and granting 

of an electrical network permit are stated in Sections 5 and 6 of the Electricity Market Act 

(The Finnish Electricity Market Act, 9 August 2013/588, section 5, section 6).  

 

The Act (The Finnish Electricity Market Act, 9 August 2013/588) does not currently 

acknowledge an energy community as an individual or a separate small producer of electric-

ity in the same way as an individual household owned by a natural person and capable of 

transferring excess electricity upstream to the public grid is acknowledged. As the result of 

this, if not otherwise decided, communities of apartment buildings as well as single apart-

ment buildings producing some of their electricity by themselves and distributing the excess 

electricity either inside an energy community to consumers or upstream to the grid would be 

treated in the same way than high and ultra-high voltage distribution network companies. 

(Lappeenrannan Energia Oy 2019; The Finnish Electricity Market Act, 9 August 2013, 

section 11.) The separate legal status and definition of an energy community from the cur-

rently acknowledged producers of electricity are not defined by the Finnish legislation, but 

the recast Renewables Directive (2018/2001/EU) and the Electricity Directive 

(2019/944/EU), the content of which should be integrated into national legislation by the 

end of the year 2020, define an energy community as a legal person (Airaksinen et al. 2019, 

44). The definitions of a renewable energy and a citizens’ energy community are discussed 

in chapter 6.4. The average components and shares of an average household electricity con-

sumer price of 17,34 c/kWh in Finland are presented in table 16. 
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Table 16. The shares of the electricity components of an average household consumer in Finland. (The 

European Union 2020) 

Component of the price Share [%] Value [c/kWh] 

Electricity generation 35 6,07 

Electricity purchase 7 1,21 

Grid transmission fee 2 0,35 

Area network transmission fee 1 0,17 

Distribution network transmission fee 26 4,51 

(Total transmission fees) 29 1,91 

Electricity tax 11 3,29 

Value-added tax (VAT) 19 6,07 

Total 100 17,34 

 

6.2.1.1 Building Specific Energy Community  

 

In a single apartment building in a situation similar to the utilization of the building utility 

model developed by Asennustekniikka Katajisto Oy, apartments are considered as separate 

estates and consumption points the electricity consumption of which are separately measured 

by meters owned by the local distribution network company. As the result of measuring 

consumption by the same meters than the delivered electricity is measured, both delivered, 

and on-site produced electricity are treated in the same way in terms of related taxes and fees 

regulated by the Act (The Finnish Electricity Market Act, 9 August 2013/588). (Airaksinen 

et al. 2019, 32.) The transmission of electricity in a building specific internal distribution 

network, if the electricity crosses estate borders, is considered as an action of electricity 

transmission business that requires both a license and permit (The Finnish Electricity Market 

Act, 9 August 2013/588, section 4). In such a case, the same principles of electricity trans-

mission business in terms of taxes and fees regulated by the Act (The Finnish Electricity 

Market Act, 9 August 2013/588) than in the case of distributing electricity between a pro-

ducer and consumer over the distribution network owned by a distribution network company 

applies even though the produced electricity would never be transferred in the public distri-

bution network. (The Finnish Electricity Market Act, 9 August 2013/588, section 3, 

subsection 7.) This means that the electricity produced and consumed on-site, although not 

transferred through the public external distribution network but distributed inside the build-

ing, would be subject to the same taxes and transmission and service fees than electricity 
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delivered from the grid into the building by the local distribution company. (Airaksinen et 

al. 2019, 32)  

 

From the electricity transmission point of view, an energy community of the residents of an 

apartment building would need to be created to legally distribute self-produced electricity 

inside a building, to another building, or upstream to the grid. Currently, the electricity 

bought at the electricity market could be measured by a building specific electrical energy 

meter owned by the local distribution network company and distributed to apartments the 

consumptions of which would be measured by apartment-specific meters owned by the en-

ergy community. In this method, which is called ‘takamittarointi’ in Finnish, electricity is 

bought by a building specific energy community formed by its estates in which case the 

entire building would be considered as a one actor at the electricity market having only one 

electrical network service and electricity retail contract. (Airaksinen et al. 2019, 33, 34.) A 

solar PV system would be connected to the internal estate grid behind the main link decreas-

ing the amount of electricity needed to be purchased from the grid (Auvinen 2020). Apart-

ment-specific meters would be used as the base of electricity billing. Utilization of this 

method would prevent the payment of taxes and transmission fees for the on-site produced 

and utilized electricity and convert the building into an individual household-like producer 

of electricity from the legislative point of view (Airaksinen et al. 2019, 33, 34). In existing 

buildings, this method requires the use of apartment-specific meters the unit price of which, 

including all costs, if needed to be bought and installed, varies from 200 € to 500 €. The 

method is most suitable for new buildings because of the costs of changing existing SMs 

owned by the local the distribution company to SMs owned by the condominium in an ex-

isting building. (Auvinen 2020.)  

 

However, in the Section 72 of the Electricity Market Act (The Finnish Electricity Market 

Act, 9 August 2013/588), the freedom of a final consumer of electricity in a distribution 

network to choose the supplier of electricity and sign the contract of electrical network ser-

vice and electricity retail contract is stated. The creation of an energy community of a single 

apartment building making estates under the same supplier of electricity is currently in con-

tradiction with the Section 72 of the Act. (Airaksinen et al. 2019, 34.) According to the 

Section 16 subsection 1 (a-b), taking part in and leaving an energy community should be 

voluntarily from the final consumer point of view (European Directive, 5 June 2019/944/EU, 



92 

 

 

article 16, subarticle 1 (a-b)). Every individual apartment having a contract of electricity 

purchase electrical network service contract of their own separately from the energy com-

munity, should be equipped with a meter owned by the local distribution network company 

supplying electricity (Airaksinen et al. 2019, 34). According to the Section 71 of the Act 

(The Finnish Electricity Market Act, 9 August 2013/588), the holder of a real estate has to 

organize the metering of electricity of a single estate in such a way that the consumption of 

electricity could be either included or excluded from the total electricity consumption of the 

building if the final consumer is willing to have or has a separate of change the supplier of 

electricity. 

 

An alternative for the building specific energy community previously described is the net 

billing method and the utilization of estate specific microinverters in the distribution of on-

site generated electricity to the estates. In the net billing method, on-site production would 

be divided between estates based on electricity consumption. The excess on-site generated 

electricity would be calculatively reduced from the primary electricity consumption of the 

estates and compensated by the local distribution company in relation to the on-site electric-

ity shares of apartments predetermined by the board of house. In the net billing method, 

every estate could maintain their individual electric energy meters and supply contracts with-

out making any changes to them because the deviation calculation of electricity consumption 

would be done calculatively and separately afterwards. The utilization of the net billing 

method and meters in the measuring and the net billing deviation calculation of electricity 

consumption of separate consumption points within a building is not currently acknowledged 

by Valtioneuvoston asetus sähkötoimitusten selvityksestä ja mittauksesta 66/2009. 

(Airaksinen et al. 2019, 34, 45.) Furthermore, the 2014/32/EU Directive concerning meas-

uring devices states in Section 10.5 in Annex I one of the requirements of measuring devices 

to be that the measured result must be easily readable from the display screen, without using 

any tools, by the consumer under every situation regardless of whether the metering device 

is remotely usable or not. The reading on the screen should be used as the base of the billing 

of consumer. (European Directive, 26 February 2014/32/EU, Annex I) This currently pre-

vents the utilization of the calculative net billing method in the deviation of both the deliv-

ered primary and on-site produced electricity consumption between the estates of a building-

specific energy community in the case of having one building-specific meter as previously 

mentioned. (Airaksinen et al. 2019, 44).  
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Profits gained by selling the excess electricity, in the case of an energy community, are sub-

ject to value added tax (VAT) but it might not be the case in the future because of lawsuits 

and updates of national legislation. Nowadays, because of paying taxes and fees for the use 

of on-site produced electricity, selling of excess electricity might not be a profitable action 

creating savings in overall costs. (Airaksinen et al. 2019, 32, 33.) The Ministry of Economic 

Affairs and Employment in Finland purposed in the year 2018 that electricity not transferred 

over the grid connection point from nor into the external public distribution network would 

not be subject to the network service fees paid to the local distribution network company 

(Pahkala et al. 2018, 20). The Ministry of Economic Affairs and Employment is currently 

developing regulation concerning energy communities and electricity transmission. The 

VAT of the utilization of on-site generated electricity within an apartment building is likely 

to be removed in the future. (Airaksinen et al. 2019, 32, 33.) 
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6.2.1.2 Local and Decentralized Energy Communities 

 

A local and decentralized energy community refers to a community the production and con-

sumption of electricity of which can be situated either on the same (a local energy commu-

nity) or separate (a decentralized energy community) location (Airaksinen et al. 2019, 38). 

This type of utilization is similar to an energy community consisting of apartment buildings 

utilizing the protected apartment building utility model. Transmission of electricity across 

estate borders, or between estate groups, is considered as a licensed electrical network busi-

ness action regulated by the Act (The Finnish Electricity Market Act, 9 August 2013/588) 

(Pahkala et al. 2018, 21.) Separate estates or estate groups of separate buildings could be 

connected to each other through the existing public distribution network. If apartments lo-

cated separate buildings, it would be referred to as a decentralized energy community. The 

Figure 23. A building specific energy community from the perspective of a single building. 

(Pahkala et al. 2018, 20) 
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second option would be to construct a distribution network separate from the public distri-

bution network, in which case, it would be referred to as a local energy community. 

(Airaksinen et al. 2019, 37.) From the construction of an internal distribution network point 

of view, as stated in Section 13 moment 3 and Section 14 in the Act (The Finnish Electricity 

Market Act, 9 August 2013/588), the permission of the local distribution network company 

is not required for the construction if the network is an internal network of an estate or an 

estate group (The Finnish Electricity Market Act, 9 August 2013/588, section 13, 

subusection 3, section 14). However, if the permission of the local distribution network com-

pany is required in other cases, and depending on the different strategies of distribution net-

work companies, it might result in slowing down the process of the creation of energy com-

munities and causing inequality between regions in terms of establishing communities 

(Airaksinen et al. 2019, 37). Transmission of electricity through the public grid is subject 

both to electricity tax, if the nominal power of the production facility is more than 100 kVA, 

and transmission fees inside a community (Airaksinen et al. 2019, 38).  

 

From the perspective of an energy community consisting of several apartment buildings, the 

transmission of electricity between buildings is currently possible under certain circum-

stances, as in the case of a closed and isolated energy community of a business or industrial 

region having work-related reasons for electricity supply and not supplying electricity to 

final consumers as stated in the Act (The Finnish Electricity Market Act, 9 August 

2013/588). Currently, the same legislative problems that concern the metering of electricity, 

energy community definition, regulation of electricity transmission, regulation of related 

taxes and fees, distribution of electricity between residents of buildings as well as profitabil-

ity and achieved savings than in the case of a single apartment building energy community, 

occurs both in local and decentralized energy communities. Nevertheless, as the Finnish na-

tional legislation is being updated in the following years, the situation is likely to change 

promoting the creation and utilization of electric energy communities removing contradic-

tions from the national legislation. (Airaksinen et al. 2019.)  
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6.2.1.3 Legislative Development 

 

Profits gained by selling the excess electricity, in the case of building-specific, local and 

decentralized energy community, are subject to VAT but this might not be the case in the 

future because of lawsuits and legislation updates. In addition, nowadays, because of paying 

taxes and fees for the use of on-site produced electricity, selling of excess electricity might 

not be a profitable action creating savings in costs. The Ministry of Economic Affairs and 

Employment in Finland is currently developing regulation concerning the service fee of en-

ergy communities. The VAT of the utilization of on-site generated electricity within an 

apartment building is quite likely to be removed in the future due to the related on-going and 

solved lawsuits. (Airaksinen et al. 2019, 32, 33.)  

 

From the update of Valtioneuvoston asetus sähköntoimitusten selvityksestä ja mittuksesta 

annetun asetuksen muuttamisesta 66/2009 (Työ- ja elinkeinoministeriö 2020), Ehdotus 

sähköntoimitusten selvityksestä ja mittauksesta annetun valtioneuvoston asetuksen 66/2009 

muuttamiseksi (Työ- ja elinkeinoministeriö 2020), and the integration of the content of the 

Clean Energy for all Europeans Package points of view, the definition of a local energy 

community, production and selling of on-site electricity, the definition of an end user, the 

update of electricity metering procedure as well as the definition, principle and utilization of 

the net billing method in the case of the having an on-site electricity production facility of 

no more than 100 kVA in terms of nominal power will be added to the national legislation 

by the new purposal, which is done in accordance with the content of the 2019/944/EU and 

the 2018/2001/EU directives, and implemented by the 1st of June 2022 at the latest.  (Työ- 

ja elinkeinoministeriö 2020, 1–4, 2020a, 1–6) After the update of the law, energy communi-

ties established by condominiums are given the status of a small-scale electricity producer 

equal to individual households as the definition of a local energy community considered as 

a legal person is added. The net billing calculation method will be allowed to be used. Also, 

as a result of the update, estates are allowed to establish a group of end users considered as 

a legal person. The update of laws allows the individual estates of a building to both join and 

resign from the energy community without having any influence on their freedom of choice 

to choose the supplier of electricity of their own. (Tuomi 2020; Työ- ja elinkeinoministeriö 

2020, 1–2)  
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6.2.2 Situation in Germany 

 

From the German energy market point of view, The Renewable Energy Sources Act 2017 

(Erneuerbare-Energien-Gesetz, EEG 2017) is the principle Act regulating the use and inte-

gration of renewable energy sources in the German energy field (Federal Ministry for 

Economic Affairs and Energy 2020c). The Energy Industry Act (EnWG 2005) first published 

in the year 2005 and amended in the year 2017, regulates the German gas and electricity grid 

integrating the content of the 2012/27/EU Directive into national legislation. From the Ger-

man electric grid legislation and action plans point of view, the Act on the Digitalization of 

the Energy Transition (Digitalisierungsgesetz), the Electricity Grid Action Plan published 

in the year 2018, and the Electricity 2030 are the current main laws and action plans con-

cerning German electric grid’s future transformation. (Herbold and Mainz 2020, chap. 6) 

From the German building sector energy conservation legislation point of view, the Building 

Energy Act, the Energy Conservation Act (EnEG), the Renewable Energies Heat Act 

(EEWärmG), the Energy Conservation Ordinance (EnEV) and the Heating Cost Ordinance 

regulate and promote the energy use and transition of the building sector integrating the 

relevant content of the 2010/31/EU and 2012/27/EU Directives into national legislation 

(Federal Ministry for Economic Affairs and Energy 2020a). Metering point operation is de-

fined by the Metering Point Operation Act (EEG 2017, section 10, subsection a).  

 

According to the Apartment Ownership Act (WEG 2014), multi-apartment buildings can be 

owned by a single natural or legal person (landlord), associations of apartment owners (nat-

ural or legal persons) of the building or co-owned by natural or legal persons having separate 

ownership each (Koepp et al. 2017, 34). The types of electricity systems are citizens’ energy, 

the landlord-to-tenant, closed distribution, self-sufficient, self-supply, and the public elec-

tricity supply network system (Federal Ministry for Economic Affairs and Economics 2015, 

59, 60). According to the Section 13 of the WEG 2014 (WEG 2014), an apartment owner is 

allowed to rent the apartment of its own to a third party, becoming the landlord of the tenant 

in question itself.  

 

The term tenants’ electricity describes the situation in which the electricity produced by a 

PV system owned by the operator (landlord or an energy service company) of the system is 

sold and supplied to final consumers who most often are the tenants of the building. 
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Electricity can also be supplied to nearby buildings and facilities connected both to the build-

ing and the local internal grid providing that connections are not done through the public 

power grid. (Federal Ministry for Economic Affairs and Economics 2015, 60.) Excess elec-

tricity not consumed in the customer energy system is sold upstream to the grid (Federal 

Ministry for Economic Affairs and Energy 2020b), in which case, supplying electricity gen-

erated from RESs to the grid, the Low Voltage Connection Ordinace Act is followed (EEG 

2017, section 10, subsection 3). If the protected decentralized apartment building utility 

model would be used in a multi-apartment building having landlord and tenants, according 

to the tenants’ electricity model definition (Koepp et al. 2017, chapter  1.2.5), the landlord-

to-tenant electricity supply model would apply. (Koepp et al. 2017, chapter 2.7.2). As a re-

sult, from the utilization of the decentralized model and on-site generated PV electricity in 

one or more multi-apartment or other buildings having one or more landlord and tenants 

point of view, the landlord-to-tenant model is the current model which the decentralized 

utility model in Germany would be considered as. The utilization of the decentralized apart-

ment building utility model in a residential apartment building either co-owned by residents 

or owned by a housing association would follow the housing co-operative model if a housing 

co-operative was established. The composition and shares of the average household electric-

ity price of 30,43 c/kWh in the case of not being in a citizens’ energy community in Germany 

are presented in table 17. 

   

Table 17. The components and shares of household price outside a customer energy system electricity in Ger-

many in 2019. (Ellen and Benjamin, 2020) 

Component of the price Share [%] Value [c/kWh] 

Acquisition 23,0 7,00 

Grid fee 24,0 7,30 

Value-added tac (VAT) 16,0  4,87 

Concession fee 6,0  1,83 

Renewables surcharge (EEG surcharge) 21,0  6,39 

Electricity tax 7,0  2,13 

CHP surcharge 0,1  0,03 

Other surcharges 2,4  0,73 

Total 100,0 30,43 
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6.2.2.1 Landlord-to-Tenant Electricity Supply Model 

 

The term landlord-to-tenants electricity supply model, in which tenants and landlord are 

considered as separate parties, is often used when it comes to generating and supplying elec-

tricity to final consumers in areas consisting of one or more interconnected facilities or multi-

family buildings, or both (Argyropoulos et al. 2016, 12). The term ‘tenant’ refers to a natural 

or legal person having a rental agreement of an apartment or a building, and the term ‘land-

lord’ refers to a natural or legal person who has a rental agreement with the tenant and is the 

owner of the apartment or building in question. Landlord-to-tenant model applies for rental 

agreements both in commercial and residential buildings (Koepp et al. 2017, chapter 1.2.5.) 

The term ‘own system’ refers to installations used for electricity generation to cover own 

needs without the presence and operation of energy supply companies (EnWG 2005, section 

3, subsection 13). The term ‘energy system’ refers to a system capable of generating, storing, 

transmitting and delivering energy (EnWG, 7 July 2005, section 3, subsection 15). The term 

‘customer’s energy system’ which is a combination of an energy system and an own system, 

refers to the energy system owned by a customer and used either for in-house or inter-build-

ing energy distribution. Customer systems are connected either to the public grid or a gen-

erating plant of their own. (EnWG, 7 July 2005, section 3, subsection 24 (a-b).)  

 

The Landlord-to-Tenant Electricity Act was accepted and implemented in the year 2017. If 

the landlord-to-tenant electricity supply concept was utilized in a building, the tenants pur-

chasing tenants’ electricity would not need to pay related feed-in tariffs, grid fees, concession 

fees and electricity tax for the electricity generated on-site as they would need to do in the 

case of purchasing electricity from the grid. (Federal Ministry for Economic Affairs and 

Energy 2020b) From the taxation of electricity fed through a customer’s energy system point 

of view, according to the Section 9 of the Electricity Tax Act (StromStG), taxation is required 

only in the case of not extracting renewable sources originating electricity, called green elec-

tricity, from the customer’s energy system and the public grid. If the energy need of a cus-

tomer system can be covered at all times without the need of buying external non-renewable 

electricity, the exemptation of electricity tax stated in Section 9 in the StromStG applies. 

(Koepp et al. 2017, chapter 1.2.2, subsection a.) From an end user in a customer energy 

system point of view, this means that the utilization of electricity generated inside a cus-

tomer’s energy system and not taken from the public grid is not subject to the same grid fee, 



100 

 

 

concession fees, levies and surcharges than electricity purchased from the grid. Conse-

quently, this decreases the electricity costs of an end user by one third promoting the devel-

opment and utilization of landlord-to-tenant model (Koepp et al. 2017, chapter 1.2., 

subsection d-e.) As the tenants benefit from this, in terms having reduced bills in costs, so 

does the landlord as well. (Federal Ministry for Economic Affairs and Energy 2020b)  

 

For electricity down streamed from the public grid outside the customer energy system by 

an end user is subject to network charges, concession fee, network-side levies (CHP and 

AbLaV surcharges and off-shore liability levy) and the license and network fee. From the 

self-supply definition stated in Section 3 subsection 19 in the EEG 2017 (EEG 2017) point 

of view, tenants being supplied with electricity in the landlord-to-tenant model by a landlord, 

are required to pay the full EEG surcharge for the electricity if the tenants are not the instal-

lation operators of the PV system of the landlord. In such a case, the electricity supply and 

consumption would not be considered as self-supply and -consumption being in accordance 

with the Section 3 subsection 19 and Section 61 of the EEG 2017 (EEG 2017; Koepp et al. 

2017, chapter 2.1.1). Self-generation and -sufficiency of electricity requires that the pro-

ducer, referring to the installation operator, and consumer of electricity are the same person 

(Koepp et al. 2017, chapter 1.2.5, subsection b). An installation operator refers to any party 

generating electricity from RESs through the installation (EEG 2017, section 3, subsection 

2). An installation is defined as any facility generating electricity by utilizing RESs or gas 

but also as any facility being supplied with or storing RE to generate electricity from (EEG 

2017, section 3, subsection 1). RESs defined by the Section 3 moment 21 of the EEG 2017 

include hydropower as well as solar, geothermal, biomass and wind energy (EEG 2017, 

section 3, subsection 21).  

 

In the landlord-to-tenant electricity supply model, the landlord in question, if being the op-

erator of the installation, will be paid a remuneration, also called the landlord-to-tenant sup-

ply premium, the amount of which varies from 2,2 c/kWh to 3,8 c/kWh per on-site produced 

PV electricity sold to the tenants inside the customer energy system (Federal Ministry for 

Economic Affairs and Energy 2017b). According to the Section 21 subsection 3 of the EEG 

2017 (EEG 2017), a landlord, if being the operator of the installation, is entitled to the land-

lord-to-tenant supply premium if the installation capacity is less than 100 kW and the elec-

tricity generated by the installation installed on or in the building is consumed in the building 
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or in close proximity of the building in other buildings or facilities without being transmitted 

through the public grid. However, according to the Section 21 of the EEG 2017 (EEG 2017), 

the landlord-to-tenant supply premium is not considered for the electricity stored in a storage 

installation within the building. The Section 23b of (EEG 2017) determines the starting day 

of the payment of the landlord-to-tenant supply premium. Before payment, if entitled to it, 

the landlord must be registered at the German Federal Network Agency (Bundesnetzagentur, 

BNetzA), conditions of the system mentioned in the Section 21 (EEG 2017) must be met, 

the form of excess electricity sale for every installation in accordance of the Section 21b, 

subsection 3 (EEG 2017) must have been selected and the annual capacity of installation 

must not excess 500 MW. According to the Federal Ministry of Economic Affairs and En-

ergy (2020b), premium is not paid for installations installed before the 25th of June 2017. 

 

From the ensurance of a continuous supply of electricity to end users within the landlord-to-

tenant model point of view, also in the case of utilizing the decentralized apartment building 

domestic hot water utility model (Katajisto 2018), the landlord might need to supply the 

tenants with electricity taken from the grid, reserve and additional electricity, in the case of 

the solar PV system not being able to produce enough electricity for consumers at all times 

due to variations of production. In such cases, the amount of electricity taken from the grid 

must be measured and documented. (Koepp et al. 2017, chapter 2.5.1.) From the tenant’s 

choice of selecting the supplier of electricity point of view, the landlord being the operator 

of the customers’ energy system of the building is not legally allowed to force any tenant 

under the tenants’ electricity supply model. Tenants have the freedom to choose any supplier 

of electricity. Thus, the landlord must allow everyone to be connected to or disconnected 

from the customers’ energy system of the building free of charge according to their will 

regardless on the type of the supplier of electricity. The freedom to join and resign a tenants’ 

electricity supply free of charge should be allowed as well. (EnWG 2005, article 3, subarticle 

24a.) 

 

From the measuring of the transmitted electricity point of view, there are two main ways by 

which measuring can be done. The first one is called the totalizer model (Summenzäh-

lermodell) and the second one is called the double busbar model (Doppelte Sammelschiene). 

In the totalizer model, the amount of electricity produced by the solar PV system is meas-

ured, and a bidirectional meter installed between the customer system and the grid is used to 
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measure the amount of electricity both fed into (excess solar PV electricity) and taken from 

the public grid over the grid connection point. The difference is the amount of electricity 

taken from the grid. Behind the bidirectional main meter, there are apartment-specific sub-

meters for final consumers. Submeters are used for metering electricity consumption of ten-

ants. Electricity consumption of tenants’ electricity participants is a sum of tenants’ electric-

ity and electricity taken from the grid. As the result of this, tenants’ electricity is allocated 

between the tenants under supply. The electricity consumption of tenants not being under 

tenants’ electricity supply but being supplied by third parties, are recorded by submeters, 

reduced from the total amount of electricity taken from the grid, and dealt separately. (Koepp 

et al. 2017, chapter 2.5.2.) In the double busbar model, there are two separate busbars, the 

first one of which is used for connecting final consumers using solar electricity (tenants’ 

electricity), and the second one of which is used for connecting final consumers not using 

solar electricity (tenants’ electricity) to the grid. The double busbar connection type might 

be more beneficial and practical in the case of connecting to or disconnecting customers 

from the tenants’ electricity supply but it usually results in higher costs compared to the 

totalizer model. (Koepp et al. 2017, chapter 2.5.2.) Since the tenants’ electricity is not trans-

mitted through the grid, and the amount of electricity consumed by each consumer must be 

able to be measured and categorized based on the source of electricity supply, consumer-

specific electric energy meters are connected behind the grid link in the customers’ system 

in the landlord-to-tenant model (Koepp et al. 2017, chapter 2.5.1). From the metering point 

operation in a building point of view, it is still unclear whether the landlord of the customer 

facility or the operator of the customer system is responsible for measuring and operation of 

electricity taken from the grid. However, metering systems and devices should be in accord-

ance with the Measurement and Verification Act and the section 21e of the EnWG (Koepp 

et al. 2017, chapter 2.5.1.)  
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Landlord-to-tenant electricity supply model is further discussed in the “Mieterstorm: Recht-

liche Einordnung, Organisationsformen, Potenziale und Wirtschaftslichkeit von Mieter-

strommodellen” paper (Koepp et al. 2017) published by the Federal Ministry of Economic 

Affairs and Energy in the year 2017 (Bundesministerium für Wirtschaft und Energie, 

BMWi) (Federal Ministry for Economic Affairs and Energy 2020b).  

 

 

 

Figure 24. The landlord-to-tenant electricity supply model with a totalizer model from a single building point 

of view. (Koepp et al. 2017) 
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6.2.2.2 Energy Co-operative and Citizens’ Energy Company  

 

The concept of a citizens’ energy company mentioned in the Agora Energiewende (2016), 

is defined in the EEG 2017 (EEG 2017) as a company having ten or more natural persons 

capable of voting and having a combined voting right share of 51 percent or more in the 

company in accordance with Sections 21 and 22 of the Federal Registration Act. However, 

the member-specific voting right share should be less than 10 percent (EEG 2017, section 3, 

subsection 15 (a-c)). As a subcategory of citizens’ energy company, the definition of an 

energy co-operative also includes solar PV installations owned by the energy co-operative 

of the residents of a building and situated on the rooftop of a building generating electricity 

for its own need (Clean Energy Wire 2018). From an energy co-operative point of view, in 

the case of a single building, and as the result of the amendation of the Cooperative Societies 

Act (Gesetz betreffend die Erwerbs- und Wirtschaftsgenossenschaften –Genossen-

schaftsgesetz, GenG) implemented in the year 2006, only three legal or natural people are 

needed for establishing an energy co-operative (Janzing 2020).  

 

Consequently, in the case of having landlords and tenants involved, the landlord-to-tenant 

electricity supply model applies. In the case of having neither landlords nor tenants but in-

dividual natural and legal persons forming an energy co-operative instead, citizens’ energy 

company and housing energy co-operative models apply. In the case of a single building, the 

energy co-operative is called the housing co-operative model. Consequently, the situation of 

having one or more multi-family buildings co-owned by people, either natural or legal peo-

ple, or housing associations, legally utilizing the solar PV electricity generation of the pro-

tected decentralized utility model in Germany, without the presence of landlords and tenants, 

would be under the housing co-operative model if the number of people involved in the co-

operative of a building is between three and 40. If the number of members is more than 40, 

the citizens’ energy company model that is similar to the building specific energy commu-

nity discussed in chapter 5.4.1. applies.  
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7 CASE STUDY 

 

The case study of this master’s thesis focuses on the comparison of the centralized and de-

centralized apartment building utility models. The comparison of the two models includes 

energy performance as well as energy efficiency comparison in terms of the E-value indica-

tor. Also, a life cycle cost comparison from the housing association point of view between 

the centralized and decentralized utility models over the life cycle of 30 years is conducted. 

In addition, the energy saving potential of decentralized utility model is researched through 

energy demand calculations conducted in accordance with Energiatehokkuus: Rakennuksen 

energiankulutus ja lämmitystehontarpeen laskenta [Energy Efficiency: the Calculation of 

the Energy Consumption and Heating Energy Demand of a Building] (Ympäristöministeriö 

2018a) Decree. The fulfillment of the NZEBs and energy-bank criteria and the heat loss 

decrease potential of the decentralized utility model are researched through energy simula-

tions conducted in the IDA ICE dynamic building simulation software. Furthermore, the 

payback times of the utility models are calculated as well. The sensitivity analysis of the 

simulation results and a literature research on the legislative possibilities and barriers of the 

utilization and implementation of the protected decentralized apartment building utility 

model in Finland and Germany is conducted.  

 

According to the ISO (EN ISO:52003-1: 2017, chapter 7.3.1) as mentioned in chapter 2.3, 

the E-value indicator is a standardized method used for the evaluation of the energy effi-

ciency of buildings. From a building to be renovated point of view, the NZEB criteria in 

terms of energy efficiency are the same as the energy efficiency requirements of the new 

building of the same building class (Ympäristöministeriö 2020a, 34). In Finland, the mini-

mum energy efficiency requirements of new building are determined by the Decree of the 

Ministry of the Environment on the Energy Performance of a New Building 1010/2017 

(Ympäristöministeriön asetus uuden rakennuksen energiatehokkuudesta, 29 Joulukuuta 

1010/2017, section 3, section 3, subsection 1, section 4). According to Energiatodistusopas 

(Ympäristöministeriö 2018b), the E-value of an existing building is calculated by following 

the same standardized E-value calculation method determined by the Decree of the Ministry 

of the Environment on the Energy Performance of a New Building 1010/2017 than in the 

case of calculating the E-value of a new building. The current minimum E-value requirement 

for a category 2 building, which refers to apartment buildings having at least three stories, is 
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90 kWhE/m2a (Ympäristöministeriön asetus uuden rakennuksen energiatehokkuudesta, 7 

December 1010/2017, section 3, section 3, subsection 1, section 4). The detailed description 

of the standardized E-value calculation method of a building is determined by the appendix 

I of Ympäristöministeriön asetus rakennuksen energiatodistuksesta 1048/2017 [the Decree 

of the Ministry of Environment on the Energy Certificate of a Building 1048/2017] 

(Ympäristöministeriön asetus rakennuksen energiatodistuksesta, 28 Joulukuuta 1048/2017 

section 1). In the case of the E-value calculations of the case buildings, the standardized E-

value method is used. In the case of conducting energy simulations for buildings in terms of 

energy consumption and heating energy demand outside the E-value method to research 

more realistic energy consumptions of case buildings, the principles of Energiatehokkuus: 

Rakenuksen energiankulutus ja lämmitystehontarpeen laskenta (Ympäristöministeriö 

2018a) are applied. Renovation of the building envelope is excluded from the energy simu-

lations as well as from energy performance and cost analyses. In energy and life cycle cost 

analyses, the general principles of payback times and life cycle cost calculations are applied. 

In material cost calculations, the average expenses of the materials and devices needed in 

pipe repair renovation work of the case buildings are utilized. In work cost calculations, the 

principles of Ratu work cost calculation methods stated in the Ratu Aikataulukirja 2016 

(Rakennustietosäätiö RTS sr et al. 2015) are applied.  

 

7.1 Case Buildings 

 

To compare the centralized and decentralized apartment building utility models, apartment 

buildings for the case study were needed to be selected. Since there was no actual suitable 

renovation work of an apartment building going on during which the decentralized utility 

model could have been installed and tested in practice, Asennustekniikka Katajisto Oy se-

lected a group of three apartment buildings built in the 1970s and 1980s from their archive 

of renovated buildings. Location of the buildings close to each other, as in the case of a local 

energy community, simulates the utilization of the decentralized utility model both in a 

building-specific and local energy community.  
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7.1.1 The Existing System  

 

The three apartment buildings were built between the years 1974 and 1984. The original 

heating option of the buildings were two mutual LFO boilers located in the oldest one of the 

buildings. Heating water DHW, both centrally produced in two LFO boilers, were delivered 

to the other two buildings through regional underground heat canals. The heat source of the 

buildings was changed from the LFO boilers to a CDHS connected to the local DH distribu-

tion network by Asennustekniikka Katajisto Oy in the year 2019. During the previous reno-

vation, domestic hot water and heating water systems were checked and repaired. 

(Asennustekniikka Katajisto Oy 2020a, 1.)  

Table 18. Basic information on the three case buildings. (Katajisto, 2020a, 2020b; YMa 1010/2017)  

Data Building A Building B Building C Unit 

Year of construction 1974 1974 1984 - 

Net floor area 845,30 845,30 1 211,00 m2 

Gross floor area 845,30 845,30 1 813,05 m2 

Cubic volume 2 328 2 182 5 320 m3 

Building envelope  1 404,0 1 525,6 3 854,7 m2 

Surface area of windows, north 19,0 27,0 97,4 m2 

Surface area of windows, east 1,5 1,7 5,0 m2 

Surface area of windows, south 52,1 53,6 100,3 m2 

Surface area of windows, west 12,9 1,6 2,4 m2 

Number of floors 3 3 3 - 

Floor height  2,6 2,61 2,6 m 

Surface area of external walls 529,5 499,9 895,6 m2 

Surface area of external doors 33,0 32,8 74,3 m2 

Source of heat District heat District heat District heat - 

Source of electricity 
Purchased elec-

tricity 

Purchased elec-

tricity 

Purchased elec-

tricity 
- 

Weather region (III) for energy sim-

ulation outside the E value method 

Jyväskylä TRY 

2012  

Jyväskylä TRY 

2012 

Jyväskylä TRY 

2012 
- 

Weather region (I) for the E value 

method 

Helsinki Vantaa 

TRY 2012 

Helsinki Vantaa 

TRY 2012 

Helsinki Vantaa 

TRY 2012 
- 

Temperature setpoint for heating 

(YMa 1010/2017) 
+21 +21 +21 C 

Temperature setpoint for cooling 

(YMa 1010/2017) 
+27 +27 +27 C 



108 

 

 

Sizing outdoor temperature 

(YMa 1010/2017) 
-32 -32 -32 C 

Current utility model type Centralized  Centralized Centralized - 

New utility model type Decentralized Decentralized Decentralized - 

 

Combined, the apartment buildings contain 44 residential apartments, three public saunas 

for residents, three laundry rooms, and one commercial apartment for business use. Since 

the previous renovation, the buildings have had a standard central heating distribution sys-

tem (CHDS) containing both DHW and heating water heat exchangers located in the oldest 

one of the buildings. (Asennustekniikka Katajisto Oy 2020a, 1, 2.)  

 

7.1.2 The Utility Model in the Case Buildings 

 

From the decentralized utility model and energy community perspective, it is assumed that 

every apartment in each building would become a member of the energy community formed 

by the residents of the three case buildings. From the energy accumulator perspective, and 

due to having a limited amount of time available for the research and simulation of the utility 

model in the selected case buildings, one type of energy accumulator is selected for simula-

tions. According to the manual (Nilan Oy 2019a) of EC9 EAHP, Nilan is a device capable 

of operating space heating, ventilation, cooling, and DHW production in apartments com-

pared to the other energy accumulators that would need additional devices to be able to op-

erate equally. As a result, the installation of Nilan EC9 requires less space. Nilan EC 9 ex-

haust air heat pump (EAHP) has an integrated DHW heater, a heating water heater, and a 

heat recovery unit (HRU) used for heat energy recovery from the exhaust air of apartments. 

Furthermore, the selected Nilan EC9 is also capable of transferring recovered heat energy to 

supply air and reducing indoor temperatures by cooling. (Nilan Oy 2019a, 6, 22; Nilan Oy 

Suomi 2020). The control and operation of the decentralized utility model with an algorithm 

are excluded from the thesis due to the lack of resources. 

 

In the selected case buildings, DHW would be decentralized produced in apartment-specific 

EAHPs, and existing DHW circulation pipes would be removed due to the lack of future 

need (Asennustekniikka Katajisto Oy 2020a, 2). According to Katajisto (2020), a hydronic 

central heating distribution system equipped with hydronic radiators is seldom replaced with 
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a floor heating system during the pipe repair renovation of an apartment building. Also, ac-

cording to Katajisto (2020), the installation of a hydronic floor heating system replacing 

hydronic radiators could be done more easily in the case of the construction of a new building 

than in the case of the pipe repair renovation of an existing apartment building. The radiators 

will be connected to the apartment-specific hydronic heating system operated by the EC9 

EAHPs.  

 

7.2 3D Modelling and Energy Simulation of Case Buildings 

 

According to Energiatodistusopas (Ympäristöministeriö 2018b), initial data for the stand-

ardized E-value calculation of a building should be taken from the documents and technical 

drawings of the building in question in the first place. However, according to Energiatodis-

tusopas (Ympäristöministeriö 2018b), the Decree of the Ministry of the Environment on the 

Energy Performance of a New Building 1010/2017 (Ympäristöministeriön asetus uuden ra-

kennuksen energiatehokkuudesta, 29 Joulukuuta 1010/2017) and the Decree of the Ministry 

of the Environment on the Energy Certificate of a Building (Ympäristöministeriön asetus 

rakennuksen energiatodistuksesta, 28 Joulukuuta 1048/2017) the building standards of the 

year of construction, observation results of the building, and average values presented in the 

1048/2017 Decree can be utilized for missing information.  

 

The 3D CAD models of the buildings were created with the MagiCAD software. The original 

HVAC and architectural drawings of the case buildings, the building standard of the year of 

construction, the measured consumption data of electricity and district heat, as well as aver-

age data taken from the 1048/2017 Decree for missing data were utilized in the creation of 

simulation models. The created 3D models were imported as building information models 

(BIM) in the form of IFC files to the IDA ICE dynamic building simulation software, where 

energy performance simulations were conducted. The first one was the existing centralized 

apartment building utility model, and the second one was the decentralized apartment build-

ing utility model. In the IDA ICE software, the models of the case buildings were simulated 

both in accordance with the standardized E value calculation and the energy consumption 

and heating energy demand methods, as well as in accordance with related Finnish national 

building standards and legislation.   
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The Nilan EC9 EAHPs needed were modelled in the IDA ICE software based on the instal-

lation manual (Nilan Oy 2019a), software manual (Nilan Oy 2020), and the user guide (Nilan 

Oy 2019b) of the Nilan EC9. In the IDA ICE software, primary and secondary systems were 

included. However, due to the problems of having successfully replaced the primary system, 

the modelling of the decentralized utility model was divided between the primary and sec-

ondary systems. The primary system included space heating, DHW heating, space heating, 

and solar PV systems, whereas the apartment-specific secondary systems included ventila-

tion and heat recovery units. The number of secondary systems was equal to the number of 

Nilan EC9 EAHPs needed. Both primary and secondary systems contained necessary control 

devices. Systems were modified to be as identical to the Nilan EC9 EAHP as possible. From 

the functionality and objectivity of the decentralized utility model point of view, the separa-

tion of EAHPs did not have an effect because the operation of secondary systems was inde-

pendent of each other. In addition, the operation of systems was based on fulfilling the heat-

ing and cooling demands as well as on the indoor climate conditions of individual spaces. 

Regardless of the separation into two systems, the energy performance of meeting the re-

quired indoor climate conditions in the decentralized and centralized apartment building util-

ity models could be simulated. 

 

Energy performance simulations of centralized and decentralized apartment building utility 

models were conducted similarly to each other in both methods. In the standardized E-value 

calculation method, the principles of the and the Decree of the Ministry of the Environment 

on the Energy Certificate of a New Building (Ympäristöministeriön asetus rakennuksen en-

ergiatodistuksesta, 28 Joulukuuta 1048/2017) were applied. In the case of having conducting 

energy simulations for buildings in terms of energy consumption and heating energy demand 

outside the E-value method to research the more realistic energy consumptions of case build-

ings, the principles of Energiatehokkuus: Rakennuksen energiankulutus ja lämmitystehon-

tarpeen laskenta (Ympäristöministeriö 2018a) were applied.  
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7.2.1 Space Heating System 

 

In the decentralized utility model, the hydronic radiators were retained due to the seldom 

replacement of radiators with floor heating, as mentioned in chapter 7.1.2. The heating water 

heat exchanger of the CHDS would be replaced with apartment-specific exhaust air heat 

pumps with integrated water heaters providing heating water for hydronic radiators. Existing 

heating water pipes were removed and replaced with new ones. Underground heating water 

distribution pipes were removed from the regional underground heating canals. The connec-

tion type of hydronic radiators is the apartment-specific single-pipe connection. From the 

sizing of the hydronic space heating systems point of view, the maximum space heating 

demands were determined for each space by following the principles of Energiatehokkuus: 

Rakennuksen energiankulutus ja lämmitystehontarpeen laskenta (Ympäristöministeriö 

2018a) Decree.   

 

The heat loss of the apartment-specific hydronic space heating system is calculated based on 

the average annual efficiency of the insulated hydronic radiator system given in table 6.1. 

The average efficiency of the system is 90 %, including the heat losses of the distribution 

and heat transfer of the hydronic system. (Ympäristöministeriö 2018a, 39, 40, 41, 42) The 

value of the specific electricity consumption of the system given in the same table 6.1 was 

excluded from the calculation because the electricity consumption of the space heating sys-

tems of the buildings were included in the electricity consumption of the Nilan EC9 EAHPs. 

The heat loss of the storage of heating water was included in the specific stand-by heat loss 

of the Nilan EC9 EAHP.  

 

7.2.2 Domestic Hot Water System 

 

DHW would be decentralized produced by apartment-specific EAHPs, and existing DHW 

circulation pipes would be removed due to the lack of future need (Asennustekniikka 

Katajisto Oy 2020a, 2). As a result of this, underground DHW distribution pipes and major-

ity of indoor distribution pipes were removed. The existing DCW and DHW pipes were 

removed and replaced with stainless steel pipes. New DHW pipes were connected to the 

apartment specific EAHPs. The heating demand and heat losses of DHW production, stor-

ing, and distribution in the utility models were calculated in accordance with the 
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Energiatehokkuus: Rakennuksen energiankulutus ja lämmitystehontarpeen laskenta [En-

ergy Efficiency: the Calculation of the Energy Consumption and Heat Energy Demand of a 

Building] (Ympäristöministeriö 2018a) and Ympäristöministeriön asetus rakennuksen ener-

giatehokkuudesta [the Decree of the Ministry of the Environment on the Energy Certificate 

of a Building] (Ympäristöministeriön asetus rakennuksen energiatehokkuudesta, 28 Decem-

ber 1048/2017) (Ympäristöministeriö 2017b). According to SFS-EN 15316-3-2:2007 stand-

ard, as stated in Lämmitysjärjestelmän laskentaopas 2012 (Ympäristöministeriö 2011), the 

heat loss of the DHW pipes of a building can be calculated based on the total pipe length 

and the average specific heat of 0,05 kWh/day/m. To have calculated the heat loss of DHW 

pipes, DHW pipes were drawn in the MagiCAD program. Based on the total pipe length, 

average heat loss, and floor areas, the heat loss of DHW pipes was 0,189 W/m2. In the case 

buildings. This calculation method was used because no specific data on domestic water 

consumption and schedule of usage was available. Values were added to the simulations as 

initial data.  

 

7.2.3 Ventilation System 

 

The fulfillment of the requirements of Opas asuinrakennusten ilmanvaihdon suunnitteluun 

[Guidance on the Design of the Ventilation of Residential Buildings] (Suomen LVI-liitto 

SuLVI ry et al. 2019) and the Ympäristöministeriöin asetus uuden rakennuksen sisäilmasto-

sta ja ilmanvaihdosta [Decree of the Ministry of Environment on the Indoor and Ventilation 

of a New Building (1009/2017)], that substituted the national building standard RakMK D2 

in the year 2019, concerning ventilation systems is essential in ensuring good indoor climate 

conditions. According to Ilmanvaihtolaitteistojen paloturvallisuusopas (Suomen LVI-liitto 

SuLVI ry 2012), apartment-specific ventilation systems are allowed to be installed into 

apartment buildings. The extract and supply air flows of apartment-specific ventilation sys-

tems must fulfill the requirements of the Ympäristöministeriöin asetus uuden rakennuksen 

sisäilmastosta ja ilmanvaihdosta (1009/2017) implemented in the year 2018. As a result of 

this, the air flows of the case buildings must fulfill the requirements of Opas asuinra-

kennuksen ilmanvaihdon mitoitukseen [Guidance on the Sizing of the Ventilation of Resi-

dential Buildings] that replaced the appendix I of the national building standard RakMK D2 

concerning minimum air flow requirements in buildings. (Suomen LVI-liitto SuLVI ry et al. 

2019.)  
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The current centralized mechanical exhaust air ventilation systems of the case buildings were 

replaced with apartment-specific mechanical ventilation systems created by the Nilan EC9 

EAHPs not only capable of supplying and extracting air but also cooling supply air. The 

waste air ducts of apartments were funneled to the roof through the existing vertical waste 

air shafts. The installed hatch hoods equipped with active-carbon filters replaced the current 

range hoods in kitchen spaces. 

  

The apartment-specific ventilation systems of the decentralized utility model were designed 

in accordance with the Opas asuinrakennuksen ilmanvaihdon mitoitukseen (Suomen LVI-

liitto SuLVI ry et al. 2019), Ilmanvaihtolaitteistojen paloturvallisuusopas [Guidance on the 

fire safety of Ventilation Devices] (Suomen LVI-liitto SuLVI ry 2012), Ympäristöminis-

teriön asetus rakennusten paloturvallisuudesta (848/2017) [the Decree of the Ministry of the 

Environment on Fire Safety of Buildings (848/2017)], and the Ympäristöministeriön asetus 

uuden rakennuksen sisäilmastosta ja ilmanvaihdosta (1009/2017). The designing of the ven-

tilation system includes the balancing of air flows designing and sizing of ducts, as well as 

the modelling of EAHPs, after which air flow data was transferred to the IDA ICE software 

for simulations.   

 

7.2.4 Solar Photovoltaic System   

 

In the IDA ICE simulation software, solar photovoltaic (PV) panels could be modelled only 

as one single panel for each building. Due to this, panels were installed on the roof of the 

building facing south to maximize the production of solar electricity. The surface area of a 

single solar panel of each building was set to be equal to the total surface area of separate 

solar panels installed on the roof. In addition, the installation heights, orientation angles, and 

declination angles of the panels were modified to match the geometry and locations of the 

roofs of the case buildings. Also, the efficiencies of the panels were modified to match those 

of the solar PV panels used.  

 

Based on the architectural drawings of the case buildings (Asennustekniikka Katajisto Oy 

2020b), the roof surface areas of the buildings A, B, and C available for solar PV panel 

installations are 200 m2, 200 m2, and 370 m2, respectively. The solar PV panel model ZXP6-

LD60-280/P manufactured by ZNShine solar company which is the world’s leading 
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manufacturer of solar panels (ScanOffice Oy 2020a), was selected. According to the 

datasheet (ZNShine Solar 2020), the panel is capable of operating between the temperatures 

of -45 and +85 degrees Celsius with an efficiency of 17,02 %. Given the maximum power 

of 280 W of a single panel and the roof surface areas of the buildings, the installation capac-

ities of the case buildings A, B, and C were 22,15 kWp, 22,15 kWp, and 63,04 kWp, respec-

tively. The combined installation capacity was 107,34 kWp.  

 

For the inverters, Fronius Symo WLAN inverters (ScanOffice Oy 2020b; Fronius 2020, 1) 

with screens were selected because of their capability of operating at the outdoor temperature 

of -25 degrees Celsius and, furthermore, they can be read remotely. The Fronius Symo in-

verters of several capacities are designed for solar PV plants with capacities ranging from 

10 kW to 125 kW, which is within the range of the capacities of the solar PV plants of the 

case buildings. Furthermore, Fronius Symo WLAN models can be used for the transmission 

of collected data through the internet and ethernet connections. (Fronius 2020, 1; ScanOffice 

Oy 2020b).  

 

According to Hiilineutraali Suomi (Auvinen and Rummukainen 2020) and Finsolar 

(Auvinen & Jalas 2020), the average total costs of solar PV systems of the sizes of 20 kWp 

and 100 kWp in the year 2020 are approximately 1 125 € per installed kWp, including the 

costs of panels, inverters, cables, control systems, and installation. In practice, solar PV pan-

els could also be installed on the walls and balconies as horizontal installations or the yard 

as stand-alone installations, but in this case, due to the limitations of simulation, only rooftop 

installations facing south were taken into consideration. The combined capacity of the solar 

PV system was estimated to be 107,34 kWp maximizing the surface area of panels on the 

roofs facing south. The cost of 1 125 € per installed kWp was used to estimate the material 

and installation costs of the solar panel system because it also took the costs of installation, 

stands, control systems, and cables into consideration. 

 

Batteries included in the solar PV systems of the case buildings were not able to be modelled 

in the IDA ICE simulation software. However, in the energy performance simulations, the 

quantities of generated and excess solar PV electricity as well as the need for electricity 

could be calculated at monthly and annual levels. As a result of this, the quantities of excess 
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solar PV electricity not used in the buildings but sold upstream at the annual level was cal-

culated by the IDA ICE simulation software.  

 

However, it was assumed that all the excess solar PV electricity is stored in the battery sys-

tems. In such a case, the solar electricity generated at the buildings could be stored for later 

use in the case of not having simultaneous electricity needs. From the capacity point of view, 

the capacities of building-specific batteries were assumed to be equal to the electricity con-

sumption of at least a couple of days at the building level to withstand possible black-out 

situations.  

 

However, maximization of the panel area maximizes solar electricity production, but it might 

not be the most cost-optimal option. For further researches, the installation capacity as well 

as the entire solar PV system would need to be optimized through the utilization of a suitable 

design and optimization software to find the most cost-optimal solution from the system 

costs and electricity production point of view.  

 

Since the exact electricity consumptions and schedules of usage were not known, the average 

standardized electricity consumptions of household devices and lightings of the building 

class 2 defined by Section 11 in the 1010/2017 (Ympäristöministeriön asetus rakennuksen 

energiatehokkuudesta, 20 December 1010/2017, section 11) Decree were used for the esti-

mation of electricity consumption. The electricity consumptions of lighting and household 

devices are 9 W/m2 and 4 W/m2 per day, respectively (Ympäristöministeriön asetus uuden 

rakennuksen energiatehokkuudesta, 29 Joulukuuta 1010/2017, section 11). The battery ca-

pacities were assumed to be equal to the average electricity consumption of two days. For 

instance, according to Sunwind (Sunwind 2018), a Rolls Solar battery designed for solar PV 

systems has a capacity of 605 Ah, a maximum discharge rate of 50 %, and a unit price of 

1 490 €. Further optimization of the types and capacities of batteries selected for the build-

ings should be taken into consideration to determine the most cost-effective option.  
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7.2.5 Settings and Example 3D Figures  

 

Example figures of the decentralized utility model are presented in figures 25 and 26. Apart-

ment-specific ventilation, space heating, and DHW systems are presented in figures 25 and 

26 taken from the 3D model of the utility model created in the MagiCAD software. These 

parts include CDW supply pipe (1), DHW supply pipe (2), hydronic supply pipe (3), hy-

dronic return pipe (4) as well as supply air (5), extract air (6), outdoor air (7), and exhaust 

air (8) ducts. The Nilan EC9 EHAP located in the bathroom is represented as the yellow box 

next to the pivot mark in the middle of the figures.  

 

Figure 25. The 3D drawing of the decentralized apartment building utility model in a single apartment.  
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The decentralized systems of nearby spaces were removed to make the example figures 

clearer. However, the decentralized system is similar in other spaces.  

 

In figure 27, the initial settings of heat losses and gains as well as person-specific DHW 

consumption of the decentralized utility model in building A, are presented. The additional 

heat losses and internal heat gains caused by the Nilan EC9 EAHPs are also included. The 

same values expressed as DHW consumption per person per day, as well as heat losses and 

Figure 26. A 3D drawing of the decentralized apartment building utility model in a single apartment.  
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gains per square meter per year, were used in the E-value calculations of the other buildings 

in the decentralized model as well. In the E-value calculation of the centralized utility model, 

the same values were used. In the energy simulations of the decentralized and centralized 

models outside the E-value method, the same values were used as well. All the values used 

were based on the Energiatodistusopas (Ympäristöministeriö 2018b), Ympäristöministeriön 

asetus uuden rakennuksen energiatehokkuudesta (1010/2017) (Ympäristöministeriön asetus 

uuden rakennuksen energiatodistuksesta, 20 December 1010/2017), Ympäristöministeriön 

asetus uuden rakennuksen energiatodistuksesta (1048/2017) (Ympäristöministeriön asetus 

rakennuksen energiatodistuksesta, 28 Joulukuuta 1048/2017 and Energiatehokkuus: Raken-

nuksen energiankulutus ja lämmitystehontarpeen laskenta (Ympäristöministeriö 2018a).  

Figure 27. Initial values for the heat losses and gains as well as additional energy of the decentralized utility 

model standardized E-value calculations.  
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The thermal bridge values of the class 2 building taken from Ympäristöministeriön asetus 

uuden rakennuksen energiatehokkuudesta (1010/2017) (Ympäristöministeriön asetus uuden 

rakennuksen energiatehokkuudesta, 29 Joulukuuta 1010/2017) and presented in figure 28 

were used for the thermal bridge values of the case buildings in the simulations of both the 

centralized and decentralized utility models because the exact values of thermal bridges of 

the case building were not able to be defined.  

 

The air leakage value of 6,0 was the accepted value in the decade of construction. Nowadays, 

the limit value for leakage air is 4,0. (Ympäristöministeriön asetus rakennuksen energiato-

distuksesta, 28 Joulukuuta 1048/2017, 11). The air-leakage settings of case buildings are 

presented in figure 29. 

 

Figure 28. The initial values of used for the thermal bridges of the case buildings in both utility models.  
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The weather data and location used in the energy simulations outside the standardized E-

value calculation method are shown in figure 30 below. For the standardized E-value calcu-

lation method, the weather data and location used in the standardized E-value calculation 

method are shown in figure 31. Term ‘Ref 2012’ refers to the test reference year (TRY) 

2012. The terms ‘sää’ and ‘sijainti’ refer to the weather data sets and locations used, respec-

tively.  

Figure 29. The initial settings of leakage air in the utility model simulations. 

Figure 30. The location and weather data set used outside the E-value calculation method.  
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7.2.6 Energy Prices, Primary Energy Factors, and CO2 Emission Factors 

 

First of all, primary energy factors are taken from Valtioneuvoston asetus rakennuksissa 

käytettävien energiamuotojen kertoimien lukuarvoista 788/2017 (Valtioneuvoston asetus 

rakennuksissa käytettävien energiamuotojen kertoimien lukuarvoista, 30 November 

788/2017). The unit energy prices, CO2 emission factors, and primary energy factors used 

in the energy simulations of the case buildings are defined for electricity, on-site RE elec-

tricity, and district heat. The average CO2 emission factors of electricity and district heat 

taken from Motiva (Motiva Oy 2020a) were used. For energy unit prices, the average elec-

tricity unit price of Finland, and the average district heat unit price of the area were used. 

The CO2 emission factor of on-site generated solar PV electricity was assumed to be zero. 

Emission factors, unit prices, and primary energy factors are presented in table 19.  

 

Table 19. The factors and unit prices of energy. (Valtioneuvoston asetus rakennuksissa käytettävien energia-

muotojen kertoimien lukuarvoista, 30 November 788/2017); (Motiva Oy 2020a); (Savon Voima 2020); (Ym-

päristöministeriön asetus rakennuksen energiatehokkuudesta 1048/2017)   

Variable Value Unit 

Electricity   

Primary energy factor 1,20 - 

CO2 emission factor 141,00 gCO2/kWh 

Unit price 17,34 c/kWh 

District heat   

Primary energy factor 0,50 - 

CO2 emission factor 152,00 gCO2/kWh 

Unit price 6,1 c/kWh 

Figure 31. The location and weather data set used in the standardized E-value 

calculation method.  



122 

 

 

On-site solar PV electricity   

Primary energy factor 0,00 - 

CO2 emission factor 0,00 gCO2/kWh 

Unit price 0,00 c/kWh 

 

7.3 Life Cycle Costs and Payback Times 

 

For the comparison of the centralized and decentralized apartment building utility models, 

the life cycle costs of both models over the life cycle of 30 years were calculated. In the case 

of pipe repair renovation, the costs of renovation, investments, energy, and use and mainte-

nance were included for both utility models. Life cycle costs were calculated from the hous-

ing association point of view.  

 

7.3.1 Life Cycle Costs 

 

Pipe repair renovation costs were calculated by applying the construction and renovation 

cost calculation methods created by Ratu. With the help of Ratu Aikataulukirja 2016 

(Rakennustietosäätiö RTS sr et al. 2015), Ratu Rakennustöiden menekit 2015 (Wind et al. 

2014), and Ratu Korjaustöiden menekit 1995 (Rakennusteollisuuden Keskusliitto ry and 

Rakennustietosäätiö RTS sr 1995) books. The working hours needed for completing each 

individual renovation work phase was calculated. Calculated working hours were multiplied 

with an average cost of work of 15 €/h and summarized to get the total renovation costs as a 

result. (Rakennustietosäätiö RTS sr et al. 2015, 5–15, 38).  

 

Pipe repair renovation costs were calculated for two cases. The first one was the traditional 

pipe repair renovation work of the centralized model. The model was not replaced but rather 

checked and renovated. The second one was pipe repair renovation, during which the cen-

tralized utility model was replaced with the decentralized utility model in the case buildings. 

In both cases, related investment and work expenses were included. The pipe repair renova-

tion activities of both utility models are presented in the appendix 15. The term ‘work time’ 

refers to the amount of unit work hours of an activity, the term ‘brm2’ refers to the gross 

floor area of a building, and the ‘TL3 factor’ refers to the extra work time needed to complete 
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an activity. One tth is equal to one work hour. The separation of renovation activities be-

tween the centralized and decentralized models is presented in appendix 14.  

 

Material costs were estimated based on the quality and quantity of materials needed in the 

pipe repair renovation of both the centralized and decentralized utility model. The list of 

activities of the pipe repair renovation of the case buildings is presented in appendix 14. 

Materials and devices needed in the listed activities, as well as the costs of the solar PV 

systems, were taken into consideration. Material costs included the costs of needed heating 

and domestic water pipes, ventilation ducts and equipment, indoor plumbing fixtures and 

appliances, Nilan EC9 EAHPs, surface materials, through-hole equipment, solar PV batter-

ies, solar PV panel systems, and activated-carbon kitchen hoods. Material costs were esti-

mations based on the average costs taken from the literature. However, costs would be able 

to be defined in more detail after a real renovation of the case buildings. 

 

The annual energy costs were taken from the energy simulation results calculated by the IDA 

ICE software. Since the Jyväskylä TRY 2012 annual weather data set remained the same 

throughout the years, and since the energy consumptions of the case buildings were assumed 

to remain constant throughout the years, annual energy costs remained the same throughout 

the life cycle of 30 years. As a result, the total life cycle energy costs could be calculated by 

summing the energy costs of individual years. The use and maintenance costs were estimated 

based on the public data (Tilastokeskus 2020b) provided by StatFin because of the lack of 

other data. The data concerns the average insurance and the use and maintenance costs of 

Finnish apartment buildings built in the 1970s and 1980s. More precise use and maintenance 

costs would be defined during the practical testing of the decentralized apartment building 

utility model. The average unit costs expressed as euro cents per square meter at the monthly 

level are presented in table 20.  

Table 20. The unit costs of use and maintenance. (Tilastokeskus 2020b) 

Type of Cost Value Unit 

Use and maintenance 62 c/(m2, month) 

Insurance 11 c/(m2, month) 

Other maintenance costs 5 c/(m2, month) 
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7.3.2 Payback Times  

 

The payback times of both the centralized and decentralized apartment building utility mod-

els were calculated. The number of years needed for the savings achieved after renovation 

to be equal to the total costs of renovation is calculated. In calculations of both models, 

interest rate, total costs, annual costs, and annual savings in energy costs were taken into 

consideration.   
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8 RESULTS  

 

The issues to be answered were presented in the subsections a, b, and c of the first goal of 

the thesis on page 12. These issues were the creation of a decentralized apartment building 

utility model within the protective demands, the minimization or elimination of the heat 

losses and gains of the current centralized building utility model as well as the integration of 

solar photovoltaic-, energy storage-, DHW and space heating systems into the decentralized 

utility model. In a more general picture, the conversion of the case apartment buildings into 

NZEBs through the utilization of the created decentralized utility model was researched in 

the case study. In addition, the energy saving potential of the decentralized utility model was 

to be studied as well.  

 

8.1 The Created Decentralized Apartment Building Utility Model 

 

As stated in table 15, the decentralized apartment building utility model contains a solar PV 

system, an energy storage system, decentralized energy accumulator systems, equipment for 

charging electric cars, equipment for wireless data transmission, a database of collected data, 

equipment for electricity measuring, equipment for measuring heating and cooling energy, 

and equipment for defining apartment specific energy efficiencies. However, the creation of 

an algorithm used for the operation and optimization of the model is excluded from the the-

sis. The creation of the decentralized utility model was conducted in the case study of the 

thesis.  

 

In the case study of the thesis, ZXP6-LD60-280/P solar photovoltaic panels manufactured 

by ZNShine solar were selected because of their capability of successfully operating at out-

door temperatures from -45 to +85 degree Celsius and high total efficiency of 17,02 %. For 

inverters, Fronius Symo WLAN inverters with screens were selected because of their capa-

bilities of operating at the outdoor temperature of -25 degrees Celsius, and furthermore, they 

can be read remotely. Furthermore, the Fronius Symo inverters are designed for solar PV 

plant capacities from 10 to 125 kW, which is within the range of the capacities of the solar 

PV plants in the case buildings even if only one inverter for the three buildings was selected. 

The WLAN models of Fronius Symo inverters are also capable of wireless data transmission 
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both through the internet and ethernet connections. The batteries of the solar PV system 

operate as the energy storage, and their capacity is assumed to be equal to the two-days’ 

electricity consumption of the buildings. Other equipment such as required cables and stands 

for solar panels can be included as well if the solar PV system is purchased as a package. In 

tables 21 and 22, the initial sizing of the solar PV system is presented along with included 

material and installation costs.  

 

Table 21. The solar PV systems of buildings.  

Building 

[name] 

Panel area  

[m2] 

Capacity  

[kWp] 

Declination angle  

[degree] 

Orientation angle 

 [degree] 

Installation and 

materials [€] 

A 130,0 22,15 24,5 340,0 24 917,85 

B 130,0 22,15 24,5 340,0 24 917,85 

C 370,0 63,04 24,5 340,0 70 920,04 

Total 630,0 107,34   120 755,75 

 

Table 22. The electricity consumptions and battery systems of the buildings. 

Building Lighting 

[kW/d] 

Household devices 

[kW/d] 

Total 

[kWh/d] 

Total 

[Ah/2d] 

Batteries 

[amount] 

Batteries 

[€] 

A 7,61 3,38 263,76 4 120,84 7 23 840,00 

B 7,61 3,38 263,76 4 120,84 7 23 840,00 

C 16,32 7,25 565,68 8 840,81 15 52 150,00 

Total 31,54 14,01 1 093,2 17 082,49 29 99 830,00 

 

The Nilan EC9 EAHP was the energy accumulator selected for the decentralized apartment 

building utility model because of its capability of successfully operating both the DHW and 

hydronic radiator systems of the case buildings at the apartment level. In addition, the Nilan 

EC9 EAHP was considered to be capable of operating apartment specific supply and exhaust 

air ventilation system in such a way that the requirements of the Opas asuinrakennusten 

ilmanvaihdon suunnitteluun (Suomen LVI-liitto SuLVI ry et al. 2019) and Ympäristöminis-

teriön asetus uuden rakennuksen sisäilmastosta ja ilmanvaihdosta (1009/2017) set for in-

door climate conditions can be met in the case buildings.  
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The Nilan EC9 EAHP is capable of space cooling as well as controlling temperature, mois-

ture, and CO2 levels in apartments. In addition, through the utilization of its CTS 602 control 

panel and Modbus RTU protocol, Nilan EC9 can be connected to commercial building-spe-

cific building automatization systems for data transmission and be remotely controlled. 

(Nilan Oy Suomi 2020). Fire safety requirements are fulfilled as well. The existing kitchen 

hoods are replaced with activated-carbon kitchen hoods. The creation of the algorithm that 

would have been used for the optimal operation of the decentralized utility model was ex-

cluded from the content of this master’s thesis due to the lack of resources. Apartment-spe-

cific electricity consumption can be measured either by the existing electric meters or re-

motely readable smart meters.    

 

8.2 Simulation Results 

 

The results of the conducted energy simulations of the case buildings are presented in this 

chapter. The simulation results include the comparison of the centralized and decentralized 

apartment building utility models in terms of energy efficiency and energy performance. 

Also, the life cycle cost and payback time comparisons of the models over the life cycle of 

30 years are included.  

 

8.2.1 Energy Consumptions, E values and Renovation Costs 

 

The energy consumptions of the case buildings before pipe repair renovation, after central-

ized pipe repair renovation, as well as after decentralized pipe repair renovation were simu-

lated with the IDA ICE software by following the principles of the Energiatehokkuus: Ra-

kenuksen energiankulutus ja lämmitystehontarpeen laskenta (Ympäristöministeriö 2018a) 

that is a part of the National Building Code of Finland. E-values were calculated for the 

existing centralized utility model, the pipe repaired centralized utility model, and the decen-

tralized utility model in the case buildings by following the principles of the appendix I of 

Ympärisöministeriön asetus rakennuksen energiatodistuksesta 1048/2017 

(Ympäristöministeriön asetus rakennuksen energiatodistuksesta, 28 December 1048/2017) 

in accordance with the statements of Sections 1 and 2 of the same Decree. The results of the 

energy simulations are presented in table 23. The results of the standardized E-value calcu-

lation of the case buildings are presented in table 24 and figure 33. The calculated maximum 
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allowed total energy consumption of the existing centralized utility model to achieve the 

NZEB E-value limit of 90 kWhE/m2a in the case buildings A, B, and C were 152 154,0 

kWh/a, 152 154,0 kWh/a, and 326 430,0 kWh/a, respectively.  

 

Table 23. The simulated total annual purchased energy consumption of the case buildings.  

Name of the 

building 

Before 

renovation 

After decentralized 

pipe repair renovation 

After centralized 

pipe repair renovation 
Unit 

A 255 932,00 116 503,00 232 898,12 kWh/a 

B 238 428,00 121 652,00 216 969,48 kWh/a 

C 503 161,00 294 034,00 457 876,51 kWh/a 

Total 997 521,00 532 189,00 907 744,11 kWh/a 

 

Table 24. The results of the standardized E-value calculations of the case buildings.  

Name of the 

building 

Before  

renovation 

After decentralized 

pipe repair renovation 

After centralized 

pipe repair renovation 
Unit 

A 150,10 158,80 115,96 kWhE/m2a 

B 146,00 144,00 115,20 kWhE/m2a 

C 161,10 164,00 120,09 kWhE/m2a 

 

Table 25. The annual purchased energy consumption of the case building A both before and after decentralized 

pipe repair renovation. 

Category of  

energy use  

Centralized 

building A 

Decentralized 

building A 
Unit 

 Space heating  165 731 48 734 kWh/a 

 Cooling  0 369 kWh/a 

 Ventilation  8 309 20 949 kWh/a 

 DHW  53 221 23 575 kWh/a 

 Electricity  28 671 19 672 kWh/a 

Total energy consumption  255 932 132 174 kWh/a 

On-site solar PV electricity production  0 18 875 kWh/a 

Total annual purchased energy consumption 255 932 116 503 kWh/a 
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Figure 32. The annual purchased energy consumptions of the case buildings. 
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Figure 33. The annual purchased energy consumption of the case building A before and after the decentralized 

pipe repair renovation. 
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The of the pipe repair renovation costs of the case buildings A, B and C are presented in 

tables 26, and 27  

 

Table 26. The costs of centralized pipe repair renovation. 

Centralized pipe repair renovation Building A Building B Building C Total Unit 

Work hours (tth) 761,87 762,17 1 635,45 3 159,49       h 

Labour costs 24 314,38 24 319,96 52 181,37 58 766,51 € 

Material costs 8 994,38 9 952,78 25 981,38 44 928,54 € 

Total renovation costs 33 308,77 34 272,75 78 162,75 103 695,06 € 

Total renovation costs 39,40 40,55 43,10 29,59 €/m2 

 

Table 27. The costs of decentralized pipe repair renovation. 

Decentralized pipe repair renovation Building A Building B Building C Total Unit 

Work hours (tth) 1 192,97 1 193,27 2 560,34 4 946,58 h 

Labour costs 22 189,30 22 194,88 47 622,23 92 006,41 € 

Material costs 113 959,02 114 917,42 260 228,51 489 104,94 € 

Total renovation costs 136 148,31 137 112,29 307 850,74 581 111,35 € 

Total renovation costs 161,07 162,21 169,76 165,84 €/m2 
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Figure 34. The results of the E-value calculations of the case buildings. 
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8.2.2 Heat Losses of DHW and Space Heating Systems 

 

The heat losses are taken from the results of the energy simulations of the case buildings 

conducted in accordance with the principles of  Energiatehokkuus: Rakenuksen energianku-

lutus ja lämmitystehontarpeen laskenta (Ympäristöministeriö 2018a) guidance that replaced 

the Finnish national building standard RakMK D5. The simulated heat losses of the DHW 

and hydronic space heating of the case buildings before and after decentralized pipe repair 

renovation are presented in tables 28, 29, 30, and 31.  

Table 28. The space heating heat losses of the case buildings. 

Building Before renovation After decentralized pipe repair renovation  Unit  Change [%] 

A 15 702,70 2 822,20  kWh/a  -82,03 

B 15 486,80 1 985,80  kWh/a  -87,18 

C 25 019,20 4 903,80  kWh/a  -80,40 

Total 56 208,70 9 711,80  kWh/a  -82,72 

 

Table 29. The DHW heat losses of the case buildings. 

Building Before renovation After decentralized pipe repair renovation Unit Change [%] 

A 13 109,00 1 877,30 kWh/a - 85,68 

B 12 221,50 1 750,10 kWh/a -85,68 

C 35 251,00 5 049,60 kWh/a -85,68 

Total 60 581,50 8 677,00 kWh/a -85,68 

Table 30. The DHW heat losses of the case buildings per square meter. 

Building Before renovation After decentralized pipe repair renovation Unit Change [%] 

A       15,51       2,22  kWh/m2 -85,67 

B       14,46       2,07  kWh/m2 -85,68 

C       29,11       4,17  kWh/m2 -85,68 

Average       20,88       2,99  kWh/m2 -85,68 

Table 31. The space heating heat losses of the case buildings per square meter. 

Building Before renovation After decentralized pipe repair renovation Unit Change [%] 

A       18,58       3,34  kWh/m2 -82,02 

B       18,32       2,35  kWh/m2 -87,17 

C       20,66       4,05  kWh/m2 -80,40 

Average       19,37       3,35  kWh/m2 -82,71 
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The values of the tables of the previous page are visualized in figures 35 and 36.  
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Figure 36. Annual DHW and space heating heat losses.  

Figure 35. Annual DHW and space heating heat losses per square meter.  
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8.2.3 Energy Costs and CO2 Emissions 

 

The annual energy costs of the case buildings are presented tables 32 and 33. In figures 37, 

and 38. The results are visualized in tables 32, and 33.  

Table 32. The annual energy costs of the case buildings before and after pipe repair renovation. 

The name of  

the building 

Before pipe repair 

renovation 

After decentralized 

pipe repair renovation 

After centralized 

pipe repair renovation 
Unit 

A 26 490,30 20 452,13 25 645,00 €/a 

B 25 571,30 18 647,39 24 726,00 €/a 

C 42 590,30 45 526,62 41 745,00 €/a 

Total 94 651,90 84 626,13 92 116,00 €/a 

 

Table 33. The annual energy costs of the case buildings per square meter before and after pipe repair renova-

tion. 

The name of  

the building 

Before pipe repair 

renovation 

After decentralized 

pipe repair renovation 

After centralized 

pipe repair renovation 
Unit 

A        31,34         24,20         30,34  €/m2 

B        30,25         22,06         29,25  €/m2 

C        23,49         25,10         23,02  €/m2 

Total        32,62         29,17         31,75  €/m2 
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Figure 37. The annual energy costs of the case buildings before and after pipe repair renovation. 
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The cumulative energy costs of the case buildings over the life cycle of 30 years are pre-

sented in tables 34, and 35, and visualized in figures 39 and 40.  

 

Table 34. The cumulative energy costs of the case buildings over the life cycle of 30 years. 

The name of  

the building 

Before pipe repair 

renovation 

After decentralized 

pipe repair renovation 

After centralized 

pipe repair renovation 
Unit 

A              769 350,00              613 563,79               738 576,00  € 

B              741 780,00              559 421,62               712 108,80  € 

C           1 252 350,00           1 365 798,60            1 202 256,00  € 

Total           2 763 480,00           2 538 784,01            2 652 940,80  € 

 

 

Table 35. The cumulative energy costs of the case buildings per square meter over the life cycle of 30 years. 

The name of  

the building 

Before pipe repair 

renovation 

After decentralized 

pipe repair renovation 

After centralized 

pipe repair renovation 
Unit 

A           910,15            725,85          873,74  €/m2 

B           877,53            661,80          842,43  €/m2 

C       1 034,15        1 127,83          992,78  €/m2 

Total           952,40            874,96          914,30  €/m2 
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Figure 38. The annual energy costs of the case buildings per square meter before and after pipe repair reno-

vation.  
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Figure 39. The cumulative energy costs of the case buildings over the life cycle of 30 years. 

 

Figure 40. The cumulative energy costs of the case buildings over the life cycle of 30 years. 

 

The cumulative CO2 emissions and energy consumptions of the case buildings are presented 

in tables 36, and 37, and visualized in figures 41, 42, and 43.  
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Table 36. The cumulative CO2 emissions of the case buildings over the life cycle of 30 years. 

The name of  

the building 

Before pipe repair 

renovation 

After decentralized 

pipe repair renovation 

After centralized 

pipe repair renovation 
Unit 

A          1 129 950,00              506 370,00            1 028 254,50  kgCO2 

B          1 092 360,00              462 210,00               994 047,60  kgCO2 

C          2 294 160,00           1 179 750,00            2 087 685,60  kgCO2 

Total          4 516 470,00           2 148 330,00            4 109 987,70  kgCO2 

 

Table 37. The cumulative energy consumptions of the case buildings over the life cycle of 30 years. 

 

 

The name of  

the building 

Without pipe repair 

renovation 

After decentralized 

pipe repair renovation 

After centralized 

pipe repair renovation 
Unit 

All buildings 29 925 630,00 15 965 670,00 26 933 067,00 kWh 
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Figure 41. The cumulative CO2 emissions of the case buildings over the life cycle of 30 years.  
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The cumulative energy consumptions and CO2 emissions of the case buildings at the annual 

level are presented in figures 42, and 43 below.  
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Figure 43. The cumulative CO2 emissions of the case buildings. 

Figure 42. The cumulative energy consumptions of the case buildings. 
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8.2.4 Changes of E-values, Energy Consumptions, and CO2 Emissions  

 

The percentage changes of the E-values of the case buildings compared to the values before 

renovation are presented in table 38. The percentage changes of the annual energy consump-

tions of buildings are presented in table 39. The percentage changes of the annual CO2 emis-

sions are presented in table 40. Changes are relative to the state of the case buildings before 

renovation.  

 

Table 38. Percentage changes of the E-values of the case buildings. 

The name of  

the building 

After decentralized 

pipe repair renovation 

After centralized 

pipe repair renovation 
Unit 

A 5,80 -22,74 % 

B -1,37 -21,10 % 

C 1,80 -25,46 % 

 

Table 39. The percentage changes of the annual energy consumptions of the case buildings. 

The name of  

the building 

After decentralized 

pipe repair renovation 

After centralized 

pipe repair renovation 
Unit 

A -54,48 -9,00 % 

B -48,56 -9,00 % 

C -41,56 -9,00 % 

 

Table 40. The percentage changes of the annual CO2 emissions of the case buildings. 

The name of  

the building 

After decentralized 

pipe repair renovation 

After centralized 

pipe repair renovation 
Unit 

A -55,19 % -9,00 % 

B -57,69 % -9,00 % 

C -48,58 % -9,00 % 

 

8.2.5 Life Cycle Costs 

 

According to Asumisen rahoitus- ja kehittämiskeskus (ARA) (Asumisen rahoitus- ja 

kehittämiskeskus (ARA) 2020, 3, 4, 5), housing associations can apply for monetary energy 

support for renovations that improve energy efficiency and are conducted between the years 

of 2020 and 2022. The amount of monetary support is dependent on the percentage decrease 
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of the E-value. In the first case, the minimum E-value level is at least 32 % less than the E-

value of the year of construction. In the second case, the E-value limit of a NZEB in the case 

of a renovated apartment building of the building class 2 is 90 kWhE/m2a. (Asumisen 

rahoitus- ja kehittämiskeskus (ARA) 2020, 10.) As it can be seen from table 38, neither 

utility models have a high enough decrease of E-value for being allowed to receive monetary 

support. The combined life cycle cost of all the case buildings over the life cycle of 30 years 

both in the centralized and decentralized utility models are presented in table 41. Life cycle 

costs are categorized into investment, pipe repair renovation, energy, and the use and mainte-

nance costs. Annual energy and the use and maintenance costs are assumed to remain con-

stant.  

Table 41. The life cycle costs of the centralized and decentralized apartment building utility models.  

Life Cycle Costs Centralized Decentralized Unit 

Investment and pipe repair renovation costs 103 695,06 610 911,35 € 

Energy costs 2 763 480,00 2 538 784,01 € 

Use and maintenance costs 814 769,28 814 769,28 € 

Total 3 681 944,34 3 964 464,64 € 

 

8.2.6 Payback Times 

 

Payback times of both the centralized and decentralized pipe repair renovations were calcu-

lated in terms of the number of years needed for the energy cost savings of the models to be 

equal to the investment and renovation costs of the models. At the interest rate of 3 % and 

without any monetary support, the payback times of the centralized and decentralized apart-

ment building utility models are 30 and 19 years, respectively.  
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8.3 Sensitivity Analysis of the Utility Model 

 

Figure 44 below shows the variations of the E-values of the case buildings in the decentral-

ized utility model as a function of the primary energy factor of electricity. In figure 44, it is 

assumed that the energy consumptions of the case buildings remain constant. Only the pri-

mary energy factor of electricity varies.  

Figure 45 shows the variations of the E-values of the case buildings as the function of the 

annual theoretical total energy consumption.  
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Figure 44. The E-values of the case buildings in the decentralized utility model as a function of the primary 

energy factor of electricity.  

Figure 45. The E-values of the case buildings in the decentralized utility model as a function of the annual 

energy consumption. The primary energy factor of electricity is at the current value of 1,2.    
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Figure 46 shows the variations of payback times of the utility models as a function of the 

interest rate. 

The sensitivity analysis of the theoretical effect of the monetary support for renovation on 

the payback times of both utility models at the interest rate of 3 % is presented in figure 47.  
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Figure 46. The payback times of the centralized and decentralized apartment building utility models as a func-

tion of the interest rate.  
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9 ANALYSATION OF RESULTS 

 

The creation of the protected decentralized apartment building domestic hot water utility 

model within the framework of its protective demands presented in table 15 was successfully 

conducted because the selected HVAC and solar PV system devices, as well as other related 

equipment, were capable of operating together in accordance with the principles of the de-

centralized utility model.  

 

The E-values were calculated for the case buildings in both utility models. The E-values of 

the case buildings after the decentralized pipe repair renovation had an increase of 8 units 

and a decrease of 6 units at the maximum, whereas the E-values of the case buildings after 

the centralized pipe repair renovation decreased by from 35 to 41 units compared to the state 

the buildings before renovation. However, at the same time, the percentage changes in the 

annual total energy consumptions of the case buildings A, B, and C in the decentralized 

utility model were -54,48 %, -48,56 %, and -41,56 %, whereas the percentage changes of 

the annual total energy consumptions of all buildings in the centralized utility model were -

9,0 %. From the annual and cumulative energy costs and CO2 emissions point of view, a 

similar decreasing trend can be seen. The E-values of the case buildings in the decentralized 

utility model are generally higher due to the primary energy factor of electricity of value 1,2, 

which is significantly higher than that of district heating. The primary energy factor of dis-

trict heat is 0,5. However, the decentralized apartment building utility model can be consid-

ered as a better option from the sustainability point of view due to having lower CO2 emis-

sion levels during the life cycle if the average CO2 emission levels of electricity and district 

heat production in Finland are considered. However, variations in the production methods 

and CO2 emission levels of the heat and electricity used in the building change the sustaina-

bility aspects of the centralized and decentralized utility models. For instance, a building 

consuming electricity that has a higher CO2 emission level than district heat has higher CO2 

emissions, and vice versa.  

 

From the heat losses of space heating and DHW systems in the decentralized utility model 

point of view, the annual heat losses of space heating systems decreased by from 80,40 % to 

87,18 %, and the annual heat losses of DHW systems decreased by 85,63 % in relation to 

the state of the case buildings before renovation. Consequently, the heat loss decreases 
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achieved through the utilization of the decentralized apartment building utility model can be 

considered significant. Furthermore, decreases in heat losses reduced internal heat gains in 

indoor spaces, which, consequently, reduced overheating of spaces. As a result, controlling 

of room temperatures is easier in the decentralized utility model compared to the centralized 

utility model. This is because of the Nilan EC9 device capable of optimizing ventilation, 

space heating, and DHW heating based on needs but also because of the decrease of internal 

heat losses. Room temperatures were below the maximum allowed room temperature value 

of + 27 degrees Celsius throughout the year. Based on the energy simulation results, the 

decentralized utility model can be considered as a more energy-efficient option compared to 

the centralized utility model from the absolute energy consumption point of view.  

 

The criteria of NZEBs are defined by Pitkän aikavälin korjausrakentamisen strategia 2020-

2050 (Ympäristöministeriö 2020a, 34) include limit values for the E-values of the building, 

the U-values of the building structures, and the energy efficiency of technical building sys-

tems. The energy-efficiency requirements of the technical building systems of NZEBs de-

termined by Pitkän aikavälin korjausrakentamisen strategia 2020-2050 

(Ympäristöministeriö 2020a, 34) could be fulfilled.  

 

The primary energy factor of electricity has a significant influence on the E-values of build-

ings. In the decentralized apartment building utility model, the primary energy factor of elec-

tricity would need to be between 0,67 and 0,75 at the minimum so that the decentralized 

utility model would fulfill the current E-values criteria of NZEBs in the case buildings. On 

the other hand, if the primary energy factor of electricity was remained at the current value 

of 1,2, the annual total energy consumptions would need to be around 80 MWh/s for build-

ings A and B, and 160 MWh/a for building C to achieve NZEB E value level. The current 

values of annual total energy consumptions of buildings A, B and C after decentralized pipe 

repair renovation are 116 503 kWh, 121 652 kWh, and 294 034 kWh, respectively. The en-

ergy consumption of the buildings would almost need to be reduced by 50 % of the current 

values. However, the annual total energy consumptions of the case buildings after the de-

centralized pipe repair renovation were below the maximum allowed level of energy con-

sumption that would be needed for the centralized utility model to achieve the NZEB E-

values of 90 kWhE/m2a. Compared to the E-values of 90 kWhE/m2a, which is the NZEB E-

values criteria of a renovated apartment building of the building class 2, the annual energy 
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consumptions of the buildings A, B, and C in the decentralized utility model were 23,43 %, 

20,05 %, and 9,92 % lower, respectively. However, the criteria of a NZEB are not fulfilled 

due to the U-values of the structures and the E-values of the buildings not meeting the current 

limit values.  

 

Updating the U-values of the building structures through the renovation of roofs and external 

walls could potentially decrease energy consumption in the decentralized model even more 

because, in the case study, the U-values of the structures did not meet the current maximum 

values. The renovation of the roof, external walls, and building envelope in general, that 

according to Pitkän aikavälin korjausrakentamisen strategia 2020-2050 

(Ympäristöministeriö 2020a, 31) is one way to improve the energy efficiency of a renovated 

apartment building, was excluded from the thesis because it is not included in pipe repair 

renovation. However, it is yet unclear whether the energy consumption level of 90 kWhE/m2a 

is achievable through the decentralized pipe repair renovation without the additional reno-

vation of roof and external walls to improve U-values. In addition, the effect of the guidance 

algorithm yet to be created in the future on the energy performance of the decentralized 

utility model is yet unknown. Optimal operation of the decentralized utility model through 

algorithm could reduce energy consumption even further.  

 

Although the utilization of the protected decentralized apartment building utility model sig-

nificantly reduces both the annual total energy consumptions and heat losses of the buildings 

as well as generate on-site solar PV electricity, it is not enough for the buildings to be con-

verted to energy banks because the annual total solar PV electricity production of 54 043 

kWh/a is less than the annual total energy need of buildings even in the case of the energy 

community of three buildings. The need to purchase electricity outside still existed in the 

case buildings.  

 

Based on the results, the cumulative life cycle costs of the decentralized utility model are 

higher than that of the centralized utility model due to the higher total costs of the decentral-

ized pipe repair renovation. This difference is more than the cumulative energy savings of 

the decentralized model over the life cycle of 30 years. Based on the simulation results, 

neither utility models would achieve a high enough decrease in E-values due to renovation 

in order to get monetary support from ARA. As a result, the payback times of decentralized 
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and centralized utility models are 30 and 19 years, respectively. However, theoretically, if 

the criteria for receiving full monetary support was, for instance, a decrease of 32 % in an-

nual total energy consumption after renovation instead of the equal decrease of E-value, and 

if the amount of monetary support per apartment remained the same, the decentralized utility 

model would be allowed to receive the monetary support. Another possible criterion for the 

monetary support, or other types of monetary support used for promoting and supporting the 

energy renovations of buildings, could be based on both the decrease of E-value and energy 

consumption. From the range from 0 to 6 000 € per renovated apartment, the payback time 

of the decentralized utility model could drop from 30 years to 14 years.  

 

  



146 

 

 

10 POTENTIAL OF THE DECENTRALIZED UTILITY MODEL 

 

75 % of the European building stock is in need of renovation aiming to improve the energy 

efficiency of national building stocks (European Recommendations, 29 July 2016/1318/EU, 

article 1). In addition, the goal of the EU is to reduce GHG emissions by from 80 % to 95 % 

from the level of that in the year 1990 (European Directive, 25 October 2012/27/EU, article 

17). Due to the capability of the decentralized apartment building utility model to reduce 

annual CO2 emissions by 53,8 % after decentralized pipe repair renovation on average, the 

utility model has a relatively high potential to reduce the CO2 emissions of building stock 

both in Germany and Finland if the CO2 emission level of the purchased electricity consumed 

in the buildings is lower than the current CO2 emission levels of local the forms of energy 

used in the buildings before renovation.  

 

In addition, according to the simulation results, the decentralized utility model is capable of 

reducing the total annual energy consumption of an apartment building by 48,8 % on average 

in the Finnish climate. The utility model also utilizes on-site generated solar PV electricity, 

heat recovery systems, and heat pumps to improve the energy performance of an apartment 

building. This means the operation and utilization of the decentralized utility model to be in 

accordance with goals of the RES Directive (European Directive, 11 December 2018/2001 

recast) aiming to convert the current European building stock to carbon neutral by the year 

2050. The goals of the RES Directive (European Directive, 11 December 2018/2001 recast)  

concern, for instance, consumer-specific and more exact measuring of used energy, mini-

mum energy consumption, and the utilization of heat pumps, renewable energy, and heat 

recovery aiming to decrease energy consumption and improve energy efficiency of build-

ings. However, although the decentralized utility model alone is not capable of converting 

Finnish apartment buildings into NZEBs through pipe repair renovation from the E-value 

point of view, if only the absolute amount of consumed energy would be taken into account, 

the absolute annual energy consumption of the buildings would be reduced to 17,8 % below 

the maximum allowed energy consumption of NZEBs of the same building class on average. 

Although the limit E-value of a NZEB building class 2 could not be met, the absolute energy 

consumption was 17,8 % lower than the limit value.  
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If the U-values of the building structures fulfill the current requirements, the energy con-

sumption is likely to be reduced even more, which, on the other hand, increases energy sav-

ings, reduces energy costs, and reduces payback time even more. In Finland, the utility 

model has thus a high potential although, yet partially unknown, in the future renovations of 

apartment buildings. However, after decentralized pipe repair renovation, due to the primary 

energy factor of electricity being 1,2, whereas that of district heating is 0,5, the E-values of 

buildings becomes worse than after centralized pipe repair renovation in general. Due to this, 

the decentralized pipe repair renovation is not subject to monetary support at the moment, 

which increases payback time. On the other hand, after a centralized pipe repair renovation, 

the E-values of buildings are reduced by 23 % on average, whereas the E-values of the build-

ings after the decentralized pipe repair renovation is decreased by 6 % or increased by 8% 

on average.  

 

Table 42. The annual purchased energy consumptions of the utility models and the maximum allowed annual 

energy consumption of a NZEB in the case buildings. 

The name 

of 

the building 

Energy consumption  

at 90 kWh/m2a  

(DH) 

Energy consumption  

of the 

decentralized model 

Energy consumption  

of the 

centralized model 

Unit 

A 152 154,00 116 503,00 232 898,12 kWh/a 

B 152 154,00 121 652,00 216 969,48 kWh/a 

C 326 430,00 294 034,00 457 876,51 kWh/a 

Total 630 738,00 532 189,00 907 744,11 kWh/a 

 

In Germany, the utilization of the decentralized apartment building utility model goes under 

the landlord-to-tenant model in the case of the building in question having only landlords 

and tenants. If the building in question had neither landlords nor tenants but independent 

legal or natural persons without landlord-to-tenant relationships, the utility model goes under 

the citizens’ energy community model. Based on the simulation results, the utility model is 

likely to operate similarly in German apartment buildings as well. However, due to the Ger-

man climate being warmer than that of Finland on average, the annual heating energy need 

of a building is likely to be less than in Finland. In addition, due to having a higher intensity 

of solar radiation in Germany, the generation of on-site solar PV electricity is likely to be 

higher. As a result, the energy performance of a German apartment building utilizing the 

decentralized utility model is likely to be better than that of it in Finland, the annual energy 
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savings to be higher due to the increased generation of on-site solar PV electricity and thus 

the payback time to be less than in Finland. However, more research on the utilization of the 

decentralized apartment building domestic hot water utility model in German apartment 

buildings is needed to collect specific data.  

 

In Finland, the decentralized utility model is utilizable, but due to the Finnish Electricity 

Market Act (1999/132), the transmission of on-site generated solar PV electricity within an 

energy community is considered as electrical network business activity. The situation is 

likely to change as the legislation is to be changed in the future. From a pure payback time 

and economical point of view, the centralized pipe repair renovation aiming to maintain the 

current centralized DHW utility model of an apartment building connected to the district 

heat network is a better option. However, from the energy saving potential, CO2 emissions 

reduction potential, energy costs, and EU climate 2050 goals point of view, the decentralized 

pipe repair renovation would be a better option if the CO2 emission level of district heat 

production is higher than that of electricity production. At the moment, the pipe repair ren-

ovated centralized utility model, which according to the simulation results is a worse option 

from the environment and the climate goals of the EU point of view, is a more economical 

one in terms of payback time and total renovation costs.  

 

The centralized pipe repair renovation is likely to be a more tempting option for housing 

associations because of its lower total costs and payback time. However, the decentralized 

utility model that according to the simulation results is a better option from the environment 

and sustainability point of view could become a more tempting and economical option in 

Finland in the future if the primary energy factor of electricity was lowered from the current 

value of 1,2 due to possible future changes of the electricity production system and if the 

amount of monetary support was based on the absolute reduction of annual energy consump-

tion of a building instead of that of the E-value. Another possible criterion for the monetary 

support or other types of monetary support used for promoting energy renovations of build-

ings could be based both on the decrease of E-value and energy consumption. In addition, 

the E-value would be worse in the decentralized utility model even if the purchased electric-

ity would be produced through the utilization of renewable energy sources. On the other 

hand, the energy efficiency of the centralized utility model would be better from the E-value 

point of view even if the district heat was produced through the utilization of fossil fuels 
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such as oil or peat because as stated in Valtioneuvoston asetus rakennuksen energiatehok-

kuudesta 1048/2017 (Ympäristöministeriön asetus rakennuksen energiatodistuksesta, 28 

Joulukuuta 1048/2017, section 4, section 5)  the primary energy factor is 0,5 whereas the 

factor for other than on-site renewable electricity is 1,2 regardless of the type of production. 

This creates an unbalance between the realistic and calculative improvements of energy ef-

ficiency in terms of E-values and annual absolute energy consumptions of buildings.  
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11 SUMMARY 

In this master’s thesis, the decentralized apartment building domestic hot water utility model 

protected by Asennustekniikka Katajisto Oy was created and researched. The potential and 

utilization of the utility model in Finland and Germany was researched as well. The first aim 

of the thesis was to further develop the decentralized utility model within its protective de-

mands in such a way that an apartment building would be converted from an energy con-

sumer into an energy bank fulfilling the requirements of an almost zero-energy building. The 

first aim of the thesis also included the minimization or elimination of the heat losses of the 

existing centralized building utility model as well the minimization of the heat gains of a 

building. In addition, the first aim of the thesis included the integration of solar photovoltaic-

, energy storage-, and water heating systems into the protected decentralized apartment 

building domestic hot water utility model. The second aim of the thesis included a literature 

research on how to transfer electricity inside the boundaries of an energy community. The 

third aim of the thesis was to research the possibilities of the decentralized apartment build-

ing utility model in Finland and Germany.  

 

At the beginning of the thesis, the current centralized utility model of Finnish apartment 

buildings connected to the district heating network system was presented, after which the 

renovation need of Finnish apartment buildings was researched. After researching the reno-

vation need of Finnish apartment buildings, the content, extent, and procedure of pipe repair 

renovation were presented. After this, the EU legislation related to the energy efficiency of 

buildings, nearly zero-energy buildings, renovation of buildings, energy performance certif-

icate systems, national long-term major renovation strategies as well as the climate goals of 

the EU concerning the conversion of the European building stock from its current state to 

carbon neutral by the year 2050 was presented. The main EU directives related to these is-

sues were the Energy Performance of Buildings (EPBD) (European Directive, 19 May 

2010/31/EU recast) and the Energy Efficiency (EED) (European Directive, 25 October 

2012/27/EU) Directives. The concept of energy communities as well as the utilization of the 

decentralized apartment building utility model in them were researched as well.  

 

In the case part of the thesis, the decentralized utility model was created for the case build-

ings both situated in Finland and selected by Asennustekniikka Katajisto Oy. The integration 
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of the system devices, minimization of heat losses and heat gains, as well as the fulfillment 

of the NZEB criteria, were studied. As a part of it, the energy performance calculations of 

the case buildings utilizing the decentralized utility model was conducted in accordance with 

the principles of the standardized E value calculation method defined by Energiatehokkuus: 

Rakennuksen energiankulutus ja lämmitysenergiatarpeen laskenta (Ympäristöministeriö 

2018a) guidance. Also, the life cycle analysis of the case buildings in terms of energy costs, 

CO2 emissions, renovation costs, and payback times were studied between the existing cen-

tralized utility model, the created decentralized utility model, and the pipe repair renovated 

centralized utility model in the case buildings. The MagiCAD software was used to create 

the 3D BIM models of the case buildings. The models were used in the energy performance 

simulations. The energy performance simulations were conducted in the dynamic IDA ICE 

building energy simulation software published by EQUA.  

 

Nilan EC 9 EAHP capable of operation ventilation, DHW heating, space heating, and cool-

ing was selected for the HVAC devices. From the solar photovoltaic (PV) system point of 

view, ZXP6-LD60-280/P solar PV panels manufactured by ZNShine, Rolls Solar batteries 

manufactured by Sunwind, and Fronius Symo WLAN inverters manufactured by ZNShine 

were selected for the solar PV systems of the case buildings.  

 

From the minimization of the heat losses of the existing centralized utility model in the case 

buildings point of view, the annual total heat loss of the space heating systems was reduced 

by 82,7 % from 56 208,70 kWh/a to 9 711,80 kWh/a. The annual total heat losses of the 

domestic hot water (DHW) systems was reduced by -85,7 % from 60 581,50 kWh/a to 

8 677,00 kWh/a. In the decentralized utility model, the annual energy consumption was re-

duced by 10,6 % from 94 651,90 €/a to 84 626,13 €/a. In the centralized utility model, the 

annual energy consumption was reduced by 2,6 % from 94 651,90 €/a to 92 116,00 €/a. The 

CO2 emissions of the decentralized and centralized utility models over the life cycle of 30 

years were reduced by 52,4 % and 9,0 % from 4 516 470 kgCO2 to 2 148 330,0 kgCO2 and 

4 109 987,70 kgCO2, respectively. The total life cycle costs of the decentralized and central-

ized utility models were 3 964 464,64 € and 3 684 944,34 €, respectively. Neither utility 

models were subject to the monetary support provided by (Asumisen rahoitus- ja 

kehittämiskeskus (ARA) 2020) due to not having a high enough decrease in the E-values 

after renovation. As a result, the payback times were the interest rate of 3 % were 30 and 19 



152 

 

 

years, respectively. The renovation costs of the centralized and decentralized utility models 

were 103 695,06 € (29,59 €/m2) and 581 111,35 € (165,84 €/m2), respectively.  

 

Although the decentralized apartment building utility model significantly decreased the an-

nual energy consumption of the case buildings and generated 54 MWh of on-site solar PV 

electricity, the decentralized utility model alone was not capable of converting the case 

buildings into NZEBs. This was due to the insufficient improvement of the E values after 

renovation as well as due to the U-values of the structures that did not fulfill the accepted 

limit values defined by Pitkän aikavälin korjausrakentamisen strategia 2020-2050  

(Ympäristöministeriö 2020a, 34). However, the absolute annual energy consumption of the 

case buildings in the decentralized utility model was 17,8 % below the maximum absolute 

energy consumption of the NZEB of the same buildings in the centralized utility model. 

Also, the utility model did not convert the case buildings into energy banks because the 

annual total solar PV electricity production of 54 MWh of the buildings was significantly 

less than the annual total energy need of 90 MWh. However, additional renovation of roofs 

and external walls as well as the use of the algorithm, the creation of which was excluded 

from the thesis, might have been enough to convert the buildings to NZEBs together with 

the decentralized utility model. More research on this topic would need to be conducted in 

the future.  

 

The transfer of on-site generated solar PV electricity within an energy community formed 

by a housing association is possible with certain limitations in Finland, but in the following 

years, the Finnish legislation is being updated. Due to this, the promotion of energy commu-

nities and on-site generated solar PV electricity are likely to increase. In Germany, the con-

cepts of landlord-to-tenant and citizens’ energy communities allow the utilization of the de-

centralized model as well as the transfer of on-site generated solar PV electricity within en-

ergy communities nowadays. Based on the results, the decentralized apartment building util-

ity model has a high potential of decreasing the energy consumption and CO2 emissions of 

apartment buildings as well as fulfill the climate and smart renewable energy community 

goals of the EU. However, the centralized pipe repair renovation is likely to be a more eco-

nomical option, although it is neither a more energy-efficient one from the energy consump-

tion point of view nor in accordance with the previously mentioned goals. 
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Appendix figure 1. Assessment of renovation need and planning phases process chart. (Suomen Rakennusinsinöörien 

Liitto RIL ry. 2017; 2009) 
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Appendix figure 2. Preparation phase process chart. (Suomen Rakennusinsinöörien Liitto RIL ry. 2017; 2009) 
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Appendix figure 3. Renovation and acceptance phases process chart. (Suomen Rakennusinsinöörien Liitto 

RIL ry. 2017; 2009) 
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Appendix figure 4. Issues taken into consideration in the energy need calculation procedure. (Suomen Rakennusinsinöörien 

Liitto RIL ry. 2017; 2009) 
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Appendix figure 5. The energy need calculation procedure. (Ympäristöministeriö 2018a) 
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Appendix table 1. Long-term Renovation Strategy Content. (Commission Recommendation 2019/786/EU; 

(European Directive, 30 May 2018/844/EU) 

Directive 2012/27/EU Article 4 (a-e) 

4(a) Statistical overview on national building stock. 

4(b) Cost-effective (major) renovation approaches identification. 

4(c) Policies related to cost-effective (major) renovation. 

4(d) Guiding of individuals, industries, and institutions on investing. 

4(e) Calculation of savings of energy and other benefits. 

Directive 2010/31/EU Article 2a(1a-g) (amended by 2018/844/EU 1(2)) 

2a(1a) Statistical overview of national building stock in 2020. 

The expected distribution of renovated buildings in 2020 expressed either as 

percentage, absolute value, or square meters per renovated space. 

2a(1b) Cost-effective renovation approaches adjusted to local climate and building 

type. 

Identification of trigger points in buildings life cycles. 

2a(1c) Actions and policies stimulating and supporting (major) renovation. 

2a(1d) Identification of the worst performing parts of national building stock by us-

ing a suitable indicator such as primary energy consumption (kWh/m2a). 

Identification of actions aiming to decrease energy poverty. 

2a(1e) Applied to every building type. 

2a(1f) Integration of smart technologies into buildings. 

Increase of education in the fields of energy efficiency and construction. 

Utilization of energy community principle of buildings. 

2a(1g) Calculation of energy savings and other benefits achieved. 

Directive 2010/31/EU Article 2a (2) (amended by 2018/844/EU 1(2)) 

Reduction of GHG 

emissions by from 80 

to 95 % from the 

value of that in 1990. 

Conversion of buildings into NZEBs. 

Creation of intermediate goals (2030, 2040, and 2050) in the main goal of de-

carbonizing national building stock by 2050. 

Directive 2010/31/EU Article 2a (3) (amended by 2018/844/EU 1(2)) 

3(a) Project aggregation. 

3(b) Operation risk reduction for investors. 

3(c) Utilization of public funding possibilities. 
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3(d) Investments on energy efficient public building stock in accordance with the 

guidance of Eurostat. 

3(e) Advisory tools of energy efficient (major) renovation and investments made 

for consumers and relevant services. 
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Appendix table 2. The steps of an energy performance assessment.  (EN ISO 52000-1:2017, EN ISO 52003-

1:2017) 

Step Explanation More information 

Assessment boundary and perimeters - Related to the selected object. 

- Defines the system boundary  

- Delivered energy classification: 

                 - on-site / nearby / distant 

- Exported energy 

- Selection of energy weighting factors 

- EN ISO 52000-1:2017: 

Chapter 9.5 

Calculation of energy flows  

(or measuring energy flows) 

- Calculation and weighting  

procedures of energy flows  

(delivered and exported) 

- Quantification and qualification of 

energy flows 

- Energy balance 

- Weighting factors: 

     - Primary energy: 

          - Total/renewable/nonrenewable 

     - GHG emissions 

     - Costs 

     - Additional 

- EN ISO 52000-1:2017 

Clause 11: 

(Calculation procedures) 

- EN ISO 52000-1:2017 

Chapter 9.6 (Calculation) 

- EN ISO 52000-1:2017 

Chapter 11.6 

(calculation and weighting) 

EN ISO 52000-1: 2017 

Chapter 8.6: Calculation 

based on measured data 

Energy performance at building 

(overall) or system element level 

- Overall or allocated partial energy 

performance of a building or a building 

part: 

       - Calculated / measured  

       energy performance 

- EN ISO 52000-1:2017: 

Clause 11: Overall energy 

performance calculation 

- EN ISO 52000-1:2017 

Annex E:  

Partial energy performance 

calculation / allocation 

methods 

Reporting - Reporting of results 

         - Type and purpose of assessment 

         - Assessment description 

         - Energy quality and quantities 

         - Energy performance 

         - Validation checks 

         - Additional information   

EN ISO 52000-1: 

Clause 12:  

Reporting procedures  

and content 

EN ISO 52000-1: 

Chapter 8.8: Reporting of 

measured energy 

performance assessment 

  



  Appendix VIII 

   

  

Appendix figure 6. The final energy consumption of Finnish building stock. (Tilastokeskus 2020d) 
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Appendix figure 7. The final energy consumption of German building stock (Tilastokeskus 2020d) 
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Appendix figure 8. The energy consumption of Finland in the year 2019 (European Commission 2020b) 
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Appendix figure 9. The energy consumption of Germany in the year 2019 (European Commission 2020b) 
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Appendix figure 10. The centralized apartment building utility model system chart 

(Asennustekniikka Katajisto Oy 2020c) 
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Appendix figure 11. The decentralized apartment building utility model system chart 

(Asennustekniikka Katajisto Oy 2020c) 
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Appendix table 3. The renovation activities included in the case study. (Rakennustietosäätiö RTS sr, 

Rakennustieto Oy, Talonrakennusteollisuus ry. 2015; Win et al. 2015; Rakennusteollisuuden Keskusliitto ry, 

Rakennustietosäätiö RTS sr. 1995) 

Group Activity 
Work 

time 
Unit 

TL3 

factor 

Utility 

model 

Water and sewage pipes Distribution and connection pipes: heat 0,1 tth/brm2 1,3 Both 

 Distribution and connection pipes: water 0,21 tth/brm2 1,3 Both 

 Rising pipes: water 0,06 tth/brm2 1,3 Both 

 Insulation work 0,12 tth/brm2 1,3 Both 

 Sanitary equipment 0,09 tth/brm2 1,3 Both 

 Distribution and connection pipes: sewer 0,05 tth/brm2  Both 

 Rising pipes: sewer 0,02 tth/brm2  Both 

Sanitary cabins Removal and cleaning of plastic membrane 0,2 tth/m2 1,2 Both 

 Removal of furnitures: 

Standard furnishing 
1,2 tth/tila 1,2 Both 

 Waterproofing of sanitary cabin: floors 0,4 tth/m2 1,2 Both 

 Waterproofing of sanitary cabin: walls 0,25 tth/m2 1,2 Both 

 Protection and cleaning 0,1 tth/space 1,2 Both 

 Standard furnishing: sanitary cabin 1,14 tth/space 1,2 Both 

 Standard furnishing: WC 0,51 tth/space 1,2 Both 

 Insulation work 0,12 tth/brm2 - Both 

Ventilation Installation of main air ducts:  

Centralized system 
0,02 tth/brm2 - Centralized 

 Installation of main air ducts:  

Decentralized system 
0,09 tth/brm2 - Decentralized 

 Installation of diversion ducts:  

Centralized system 
0,1 tth/brm2 - Centralized 

 Installation of diversion ducts:  

Decentralized system 
0,11 tth/brm2 - Decentralized 

 Installation of ventilation unit:  

Centralized system 
0,08 tth/brm2 - Centralized 

 Installation of ventilation unit:  

Decentralized system 
0,05 tth/brm2 - Decentralized 

 Insulation work: decentralized system 0,18 tth/brm2 - Decentralized 

 Adjustment and measuring:  

Decentralized / centralized system 
0,01 tth/brm2 - Both 

Electrical systems Electrification of HVAC devices 0,01 tth/brm2 - Decentralized 

 Cabling: electricity distibution cables 0,16 tth/brm2 - Both 

 Cabling: general cables 0,03 tth/brm2 - Both 

 Distribution substraction 0,01 tth/brm2 - Both 

 Main distribution room and board 0,02 tth/brm2 - Both 

 Cable racks and ladders 0,01 tth/brm2 - Both 
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Appendix figure 12. The primary system of the decentralized utility model of the case building A (IDA ICE 

model simulation) 
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Appendix figure 13. The secondary system of the decentralized utility model of the case building 

A (IDA ICE model simulation) 


