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Tämä diplomityö käsittelee hiilineutraalisuutta yrityspuiston rakennusten näkökulmasta. 

Työn tavoitteena on minimoida yrityspuiston rakennuksista aiheutuvat päästöt rakennuksen 

elinkaariarviointia hyödyntäen. Työn teoriaosiossa tutustutaan yrityspuistoihin ja niiden 

kestävään rakentamiseen Suomessa, sekä yksittäisen rakennuksen ilmastovaikutukseen ja 

hiilineutraalisuus-käsitteeseen. Lisäksi työssä esitellään elinkaariarvioinnin pääpiirteet sekä 

tutkimukseen liittyvä tapausalue. 

 

Tutkimuksen toteuttamista varten luodaan neljä erilaista rakennustyyppiprofiilia, joille 

elinkaariarviointi tehdään vertaillen kolmea eri energiaskenaariota. Skenaarioissa verrataan 

kaukolämmön, ilmanlämpöpumpun ja maalämpöpumpun vaikutusta rakennuksen 

elinkaaren aikaisiin hiilidioksidipäästöihin. Tutkimustulosten mukaan maalämpöpumpun 

hyödyntäminen minimoi hiilidioksidipäästöt kunkin rakennustyyppiprofiilin kohdalla. Tämä 

ratkaisu minimoi myös yrityspuiston ilmastovaikutuksen. Uusiutuvan energian 

hyödyntäminen johtaa siihen, että rakennuksen elinkaaren merkittävimmät päästöt 

aiheutuvat rakennusmateriaaleista. Jotta yrityspuiston ilmastovaikutusta voisi edelleen 

vähentää, rakennusmateriaaleja tulisi tarkastella, sillä ne aiheuttavat merkittävän osan 

rakennusten elinkaaren päästöistä. 

 

Tämän työn tulosten valossa rakennusten päästöjen vähentämisen kannalta merkittäviä 

suunnitteluratkaisuja voidaan tehdä hyödyntämällä rakennuksen elinkaarimallinnusta. Jotta 

yrityspuisto saavuttaisi hiilineutraalisuuden rakennusten näkökulmasta, tulisi rakennuksista 

aiheutuvia päästöjä vähentää tai kompensoida. 
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In this Master’s thesis the carbon neutrality of a business park is examined from buildings’ 

viewpoint. The aim of this study is to minimize the emissions from the business park’s 

buildings by applying building life cycle assessment. The theoretical part of the thesis 

introduces business parks and their sustainable construction in Finland, as well as the climate 

impact of a building and the concept of carbon neutrality. In addition, the main features of 

life cycle assessment and the case business park are explained. 

 

To carry out the study, four different building type profiles are created, for which a life cycle 

assessment is performed comparing three different energy scenarios. The scenarios compare 

the impact of district heating, air source heat pump and ground source heat pump on 

building’s life cycle carbon dioxide emissions. According to the research results, the 

utilization of a ground source heat pump minimizes the carbon dioxide emissions for each 

building type profile. This solution also minimizes the climate impact of the business park. 

To further reduce the business park’s climate impact, the building materials should be 

considered, as they cause a significant amount of the buildings’ life cycle emissions. 

 

In the light of the study results, significant design solutions for reducing building emissions 

can be made by applying building life cycle assessment. For a business park to achieve 

carbon neutrality from the buildings’ perspective, emissions from buildings should be 

reduced or compensated. 
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1 INTRODUCTION 

 

Global warming as a result of human activity is one of the biggest global crises. It has already 

affected negatively on people and nature around the world with about one degree rise in 

average temperature compared to pre-industrial levels. (WWF 2020.) As the greenhouse gas 

concentrations have risen alongside with industrialization and the growth of population, the 

natural balance is disturbed between greenhouse gas sources and sinks, causing global 

warming. The main greenhouse gases contributing to global warming include carbon dioxide 

(CO2), methane (CH4), nitrous oxide (N2O) as well as hydrofluorocarbons (HFCs), 

perfluorocarbons (PFCs), and sulphur hexafluoride (SF6). These are mainly released into the 

atmosphere by fuel combustion processes, but also for example by chemical reactions and 

industrial processes. In addition to the rise of global temperatures, global warming causes 

also melting of polar ice, rise in sea levels and extreme weather conditions, as in terms of 

flooding and heat waves. The impacts cause damage not only to the environment but also to 

humans and economy. (Timmerman et al. 2014a, 12.) The impacts caused by global warming 

can be long lasting and even irreversible, as for example the loss of some ecosystems. For 

limiting the global warming to 1,5-degree rise in temperature, it has been estimated that the 

carbon dioxide (CO2) emissions should be decreased to zero by 2050 and the other 

greenhouse gas emissions should be decreased as well. (IPCC 2018, 4-10.) 

 

United Nations has addressed climate change as one of its seventeen sustainable 

development goals, which are set to build a better world by 2030. Increase in CO2 emissions 

impacts negatively on reaching the sustainable development goals by exposing even more 

people to water stress, heat waves and coastal flooding. Even a 1,5-degree temperature rise 

would decrease agricultural yields and increase the extinction of species. With a higher 

temperature rise, the extent of the damages would be even worse. It is estimated that with 

current policies the human-caused global warming will exceed 3-degree temperature rise by 

the end of this century. (United Nations 2019, 3-18.) 

 

In addition to the United Nations, there are other international agreements and targets to 

mitigate climate change. The Paris Agreement aims to keep the global temperature rise well 

below 2 degrees compared to pre-industrial levels, and to help countries to cope with the 
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impacts of climate change. (UNFCCC 2020.) Also, the European Union (EU) has its own 

climate policy and targets to reduce greenhouse gases. Currently, EU is on track to reach the 

20 % greenhouse gas emission reduction target which was set for 2020, and to reach the 

climate and energy targets for 2030, a legislation is already put in place. By 2050 EU is 

aiming to be climate neutral. (European Commission 2020.) 

 

The built environment has an essential role in mitigation of climate change. Many of the 

main building materials in infrastructure projects are greenhouse gas intensive either due to 

production or transportation. (Pasanen & Miilumäki 2017, 9.) Also, construction industry is 

a key player in sustainable development as it is a highly active industry worldwide and 

constantly growing due to countries’ constant efforts for economic growth (Cabeza et al. 

2014, 395). Around one third of global final energy is consumed by buildings and building 

construction sector, and these also account for roughly 40 % of total CO2 emissions directly 

and indirectly. It is also notable that the energy demand and CO2 emissions from buildings 

and building construction sector will increase as time passes. Main causes for this 

progression are the growing quantities and usage of energy consuming devices, improving 

access to energy in developing countries and growth in buildings’ floor area. (IEA 2020.) 

 

Examination of buildings by applying life cycle assessment (LCA) is a largely studied and 

continuously progressing research area due to buildings vast environmental impacts. 

Research focus is on estimating and reducing the climate impacts from buildings. Also, 

integration of LCA in certification systems has created another focus area in the field. 

(Anand & Amor 2017, 408-409.) Recently the focus of the scientific community has been 

on optimizing buildings’ operational energy use and greenhouse gases originating from it. 

Instead of this approach, the building’s entire life cycle should be considered. This is because 

energy use and emissions occur also outside of the buildings’ operational phase. (Röck et al. 

2020, 2.)  

 

1.1 Background of the study 

 

In Finland, life cycle management has been voluntary. It has been applied mainly for 

achieving environmental ratings or by environmentally aware construction operators and 

https://www.iea.org/topics/buildings
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product manufacturers. In the Nordic countries, Sweden and Norway are the pioneers of 

utilizing emission calculation requirements in public construction. In Sweden, Trafikverket 

requires life cycle impact assessments for projects that cost over 50 million. In Norway, 

Statsbygg has required greenhouse gas emission calculations and environmental product 

declarations for all construction projects. Now Finland has also started preparations to 

regulate the carbon footprint of building materials. (Pasanen & Miilumäki 2017, 3 & 18.) 

 

About one third of Finland’s greenhouse gas emissions are generated by construction and 

buildings. For Finland to meet its national and international climate targets, emissions from 

the construction sector must be reduced. Alongside with the energy consumption in the use-

phase of buildings, the carbon footprint of building’s entire life cycle should also be 

monitored. Environmental management of construction in Finland has focused on improving 

the energy efficiency of the building stock, but with new regulations for almost zero-energy 

construction, there are not that many options anymore for emission reductions in energy 

efficiency. Now opportunities to mitigate the emissions are searched from the entire life 

cycle, mainly from the production, construction and prevention or recycling of the building 

waste. The aim is to control the carbon footprint of a building’s life cycle by year 2025. 

(Ministry of the Environment 2020.)  

 

Municipalities have an important role in restraining the climate change as they have a 

possibility to influence the carbon footprint of buildings during the multiple phases of new 

construction projects from planning to actual construction (Virkamäki et al. 2017, 5). Darko 

and Chan (2017, 170) noted, that the five most common barriers in sustainable construction 

are costs and lack of information, support, interest and demand or regulations.  

 

1.2 Objective of the study 

 

The aim of this thesis is to minimize the climate impact of a business park, by minimizing 

the climate impact of the buildings within the business park. Impact is estimated by applying 

life cycle assessment and calculating the carbon footprint and carbon handprint of a building 

over its entire life cycle. In order that all buildings in the business park are taken into 

consideration, different building profiles are created in accordance with the intended use of 
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the area. In addition to assessing building materials and construction, the emissions are 

examined for different energy supply scenarios optimized for the buildings. Once the energy 

supply scenario leading to the lowest climate impact is determined, the total carbon footprint 

originating from a business park’s buildings and their construction can be estimated. In 

addition, this study aims to find out, if the business park can be considered carbon neutral 

from its buildings’ viewpoint, and if there is, for example a need to offset the buildings’ 

carbon footprint.  

 

The case business park for the study is a new construction area in Eastern Finland. The 

material of this study is information collected about the case business park as a part of the 

research project Carbon neutral business park and literature. Carbon neutral business park 

-project targets to decrease CO2 emissions within cities by structural city planning, placing 

renewable energy systems as the basis of the planning process. In addition, the project 

focuses on market analysis, profitability assessment and the business innovation of the park. 

Due to the energy efficiency, carbon neutral business park offers businesses value in lower 

operating costs as well as in giving an image advantage. (Mioni Industrial Park 2020.) 

Therefore, businesses can concentrate on improving their core operations, as the operation 

framework is already in place. 

 

1.3 Structure and limitations 

 

Review of this thesis is limited to business parks, construction and buildings in Finland. As 

the case business park is still in the design phase, it creates its own limitations for this study. 

These limitations consider for example the construction time span. Therefore, assumptions 

that result in uncertainty are made in order to conduct this study. 

 

The thesis consists of a theoretical part and an empirical part. The theoretical part examines 

building’s climate impact and sustainable construction principles. Also, few industrial parks 

in Finland are examined to understand the nature of business parks and the main features of 

life cycle assessment are clarified. The empirical part focuses on the studied business park 

and it consist of two sections. First, the possible energy production methods in the case 

business park are explained and the reader is familiarized with the case business park and 
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the different building profiles. After the two above mentioned, a life cycle assessment model 

for the business park’s buildings is built, and the climate impact originating from the 

buildings is determined. In the second section, the business park’s climate impact is 

estimated with the results of the building life cycle assessment. Finally, the conclusions and 

discussion of the work are presented and the whole thesis is summarized.  
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2 BUSINESS PARKS AND SUSTAINABILITY 

 

As buildings and their construction is responsible for 30 % of Finland’s greenhouse gases 

(Ministry of the Environment 2020), the impact must be significant also on a regional level. 

Therefore, planning a new business park is a great opportunity to minimize the emissions 

caused by buildings and their construction.  

 

Municipalities are in a key role in reducing emissions from citizens and associations. 

Municipalities can also contribute to the development of low-emission business premises 

by, for example bringing a low-emission district heating network to industrial areas. 

Municipalities can influence emissions, e.g. through spatial planning, transport 

arrangements and public procurement guidance. (The Finnish Climate Change Panel 2019, 

20.) Through the zoning monopoly, municipalities have the opportunity to politically 

regulate how much, where and what kind of construction is allowed. Up to a certain limit, 

regulations can be used to determine which materials can be used, for example, in facades 

and building frames. Traffic solutions, including parking lot sizing, are also decided by the 

municipality. Many municipalities are large landowners. Private land transfer conditions can 

set far-reaching boundary conditions for example for energy efficiency and solutions that 

cause emissions. (Virkamäki et al 2017, 20)  

 

The following chapters determine the general characteristics of business parks in Finland. 

Also, an overview on sustainable construction in Finland is given. Basic principles on how 

a business park can be sustainable are explained as well as how sustainability certification 

helps to achieve sustainability.  

 

2.1 Business parks in Finland 

 

A business park generally refers to an area where several companies operate. In literature, 

the definition of a business park varies from an office-based business area to an area with a 

vast variety of business operations such as small industrial operators and warehouses. Hwang 

et al. (2017, 211) defines business park as an area where retail, office and industrial 

companies are integrated and which can also provide municipal services, for example 
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outdoor gardens. As defined, many different businesses can operate in a business park, and 

different operations require different buildings types. The total energy demand of a business 

park is determined by the energy demands of the individual companies within the business 

park (Timmerman et al. 2014b, 69). Therefore, the emissions of a certain building depend 

on the energy consumption of the company that operates in it, and accordingly the companies 

which operate in a business park have an influence on the area’s total carbon footprint. 

 

Statistics Finland (2018) determines definitions for different building types. Office buildings 

are used for office work, for example financial and accounting activities, marketing or data 

processing. Retail buildings are mainly used as a space to sell products and services. 

Industrial buildings are used for converting materials and components into products, for 

example manufacturing buildings and workshops for industry. Warehouses are used for 

storage. Warehouses can be highly controlled in terms of conditions, as the space can be 

heated, unheated or cold depending on the products to be stored. (Statistics Finland 2018.) 

As different building types are used for different business operations, they also have different 

properties. 

 

Industrial buildings are demanding as a building type, as the interior climate requirements 

vary between office, production and storage units. Differing from most building types, the 

life cycle ranges from 15-30 years due to short product life cycles. The lengthening of the 

life cycle closer to typical range of 50 to 80 years, and achieving economic and 

environmental sustainability, is a challenge for the structural design as high flexibility and 

expandability is required from the layout. In addition, the internal heating loads are higher 

compared to other building types. The heating loads depend on the production processes, but 

they could be utilized for heating of supporting facilities. (Gourlis and Kovacic 2017, 955.) 

 

In Finland, business parks vary in size and can be more office or industry oriented. Business 

parks may be a cluster of companies operating in the same industry or a mix of companies 

from different sectors. For example, Karhula industrial park is one of the biggest and oldest 

cluster of companies still in operation. There are 60 companies operating in the area, 

employing around 2000 employees. Even though the business park has a strong industrial 

tradition, alongside there are also smaller companies operating in other sectors. (Karhula 
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Industrial Park 2020.) Stella business park is at the other extreme as it consists of only four 

buildings offering rental space for small and medium sized enterprises (Stella Business Park 

2020). Some business parks in Finland are more sustainability oriented than others. For 

example, Kolmenkulma Eco-Industrial Park offers businesses eco-friendly solutions and 

company-based operation environment. The area focuses on collaboration, material and 

energy efficiency and renewable energy sources. (Kolmenkulma 2020.) 

 

2.2 Sustainable business park 

 

Sustainability in a business park can be approached on different levels. Sustainability can be 

a focus on inter-firm cooperation, synergies in supply chain, individual sustainable 

companies or a mix of all of the before mentioned. In inter-firm cooperation material or 

energy are exchanged between businesses or with the ambient region. By utilizing synergies 

in supply chain considering material, water, energy and services, the overall environmental 

impact is reduced. The common factor in these approaches is to lower greenhouse gas 

emissions while creating economic value. (Timmerman et al. 2014a, 42-44.)  

 

There are various advantages in sustainable business parks, as they contribute to ecological, 

economic as well as social sustainability. Ecologic advantages are the reduced amount of 

used resources due to the synergies between companies, increase in recycling and waste 

elimination, decrease of emissions and healthier working environment. Economic 

advantages are reducing the operational and production costs, avoiding environmental taxes, 

financial support on sustainable and innovative investments and selling excess energy 

outside of the area. Social advantages are increased energy independency, promoting local 

employment and transmitting an image of responsible and sustainable company. 

(Timmerman et al. 2014a, 42-44.) 

 

The development process of a new sustainable business park has five stages. The first phase 

begins after the location of the park is chosen. In this preparation phase, the role of the 

business park within its surrounding region is defined and partnerships are created for 

dividing tasks and responsibilities between different stakeholders. After finding the suitable 

partners, the design phase can begin. In the design phase the infrastructure of the park is 
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planned based on regulatory and physical constraints, possible low carbon energy production 

and assumed business operations. (Timmerman et al. 2014a, 117-120.) 

 

The design phase has the main impact to the resulting environmental impacts of the business 

park, as it includes planning of the buildings and processes energy performance, layout, 

potential renewable energy exploitation and energy system. In a business park, energy 

efficiency improvements and energy reductions can be achieved for example by building 

shared company buildings, clustering companies with complementary energy profiles in the 

layout of the park and planning a park-wide collective renewable energy production system. 

Heat losses could be minimized by recovering and exchanging the heat between companies 

or with the region through a district heating network. (Timmerman et al. 2014a, 44-46.) 

 

The third phase of park development is the realization phase where the infrastructure and 

buildings are constructed. This is followed by issuance phase which includes selling, leasing 

or renting of the buildings for the selected businesses. The last phase is the exploitation 

phase, where businesses are in operation and park management ensures that the quality 

objectives are achieved and maintained. The exploitation phase also includes the repetition 

of all previous phases which is needed when a new business wants to enter the park, the park 

is renewed or expanded, or the quality objectives change over time. (Timmerman et al. 

2014a, 117-120.) 

 

Designing and building a sustainable business park has its own challenges. It requires 

continuous collaboration between the business park developer, companies and energy 

consultant. All stakeholders have to have the same target of working towards sustainability 

and low carbon energy. Communication between all involved parties is essential. Having 

too many stakeholders or owners of the buildings may complicate the joint energy 

production. In shared company buildings it is difficult to plan the space heating system 

beforehand, because the flexibility depends on the activities of the businesses that will 

eventually settle into the park. Also, the tenant of the building has to be willing to operate in 

a low carbon environment. (Timmerman et al. 2014a, 135-171.) 

 



11 

 

2.3 Sustainability certification 

 

Environmental certificates were developed to have a tool that enables measuring, verifying 

and comparing the environmental impacts of different buildings. Third party assessment 

ensures that all sustainability aspects are considered. Certificate is a strong statement of the 

owner’s environmental awareness. Certification is used to improve the building’s efficiency 

and to save costs as well as world’s limited resources. Certification has many positive effects 

in addition to the environment, corporate responsibility and image. The owner of the building 

will benefit from higher utilization rates, minor depreciation and better sales price. The 

construction company attracts buyers for the building with a shorter sale time and a higher 

purchase price. The tenant, in return, gets better conditions and productivity for the 

operation. Lastly, building certification increases market value, reduces vacancy rates, 

accelerates returns, facilitates financing and leads to lower operating and maintenance costs. 

Typically, the environmental certification process of a construction project consists of 

demands assessment and project design, proposal and general design, implementation 

design, construction, commissioning and warranty period. (Green Building Council Finland 

2018, 3-5.) 

 

In Finland there are two international certification systems in use for building projects, 

LEED (Leadership in Energy and Environmental Design) and BREEAM (Building Research 

Establishment Environmental Assessment Method). Also, Nordic Swan certification system 

is utilized. These certification systems assess and ensure the properties of buildings from 

many aspects. LEED is the world's most widely used global environmental rating system for 

buildings. It is an American based system which has a consistent criteria and comparability 

throughout the world. LEED is especially suitable for office buildings and shopping centers, 

but there are also custom subsystems for different project types like for example for schools 

and hospitals. In 2018, there were 114 LEED certified construction projects in Finland. 

(Green Building Council Finland 2018, 6-7.) LEED certification is earned by calculating 

points for green building strategies in various categories. Based on the received points, one 

of four LEED rating levels is earned: Certified, Silver, Gold or Platinum (U.S. Green 

Building Council 2020). 
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BREEAM is a British certification system, which has its basis in common European 

standards and therefore is the leading European environmental classification system for 

construction. BREEAM is customizable for different building types from residential 

buildings, offices and schools to industrial buildings and hospitals. In 2018, there were 62 

BREEAM certified construction projects in Finland. (Green Building Council Finland 2018, 

6-7.) BREEAM certified rating is achieved by gaining credits in diverse categories varying 

from energy to ecology. The BREEAM ratings are divided in five categories: Pass, Good, 

Very Good, Excellent and Outstanding. The certification category is reflected by the number 

of stars on the BREEAM certificate. (Building Research Establishment 2020.) 

 

The criteria of the Nordic Swan ecolabel are compatible for all Nordic countries and it suits 

well to Nordic conditions. It is suitable for assessing residential buildings and schools. 

Although there were only 4 Swan Ecolabeled construction projects in Finland in 2018, 

interest in Swan Ecolabeled construction is growing rapidly. (Green Building Council 

Finland 2018, 6-7.)  
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3 THE CLIMATE IMPACT OF BUILDINGS 

 

Buildings have an impact on sustainability as the processes related to buildings release 

emissions to the atmosphere, consume world’s resources and produce waste. Above 

mentioned issues have created a need for sustainable building practices. (Darko and Chan 

2017, 167.) Although buildings are a challenge to sustainability, they can also be seen as an 

opportunity. As the increase of demand for energy and other resources has caused economic 

and environmental changes, buildings also reflect the population and economic growth.  As 

humans spend most of their time in buildings and directly contributing to the issues, there 

are also possibilities to act. (Wang et al. 2017, 170.) 

 

In the following chapters, the main emissions resulting from a building are specified. As a 

building causes environmental impacts during its whole life cycle, the stages of a building’s 

life cycle are explained alongside with the main environmental impacts. In addition, the 

factors affecting the amount of emissions are examined. Sustainable construction practices 

in Finland are explained and finally the concept of carbon neutrality is familiarized. 

 

3.1 Building’s life cycle and emissions 

 

A building is a technical product and the building components wear out and become obsolete 

over the years. The techno-economic average service life of a building is 50-60 years. By 

replacing building components, the service life can be extended. The service life for different 

building components varies. The exterior and interior surfaces of the building and building 

technology needs to be renewed every 20 to 50 years, but the building frame has a longer 

service life. Therefore, almost 70% of the building needs to be rebuilt every 50 to 60 years 

if it is to be used. (Myyryläinen 2019, 11-12.) 

 

Figure 1 presents a building’s life cycle in four simple stages: product stage, construction 

stage, use stage and the end-of-life stage (Ministry of the Environment 2019, 14). The life 

cycle of a building begins with the use of natural resources, which are processed into building 

materials to be used in the construction of a building. After construction, building is 

maintained in serviceable condition by maintaining and repairing it for as long as it is useful 
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or allowing it to eventually be rendered unusable. The life cycle ends when the building is 

demolished, waste is recovered, and the site is restored to its natural state. Life cycle can be 

divided into two separate parts, which are operational life cycle and technical life cycle. 

Operational life cycle refers to the length of activity for which the building is constructed. 

The technical life cycle is based in the physical characteristics of the building, which are 

based on the service life of the components and systems installed into the building. 

Maintenance and repairment has an essential impact to building’s service life. (Myyryläinen 

2019, 11-12.) 

 

 

Figure 1. Building’s life cycle (Ministry of the Environment 2019, 14). 

 

When a new building is constructed, the direct environmental impact results from the 

consumption of resources, such as building materials, energy and water. In addition of the 

resource use, it also leads to generation of greenhouse gases. (Rodrigues et al. 2018, 421.) 

Buildings have a major influence on the amount of consumed natural resources, and they 

consume energy throughout the whole life cycle. The energy consumption is both direct and 

indirect. Energy is used for buildings directly in construction, operation and demolition. 

Indirect energy consumption originates from the manufacturing of building materials and 

technical installations. (Cabeza et al. 2014, 395.) 

 

The main environmental impacts in a building’s life cycle consist of the consumption of non-

renewable energy resources, the production of air pollution emissions and the generation of 

waste. As these impacts contribute to climate change, they also cause air pollution, decrease 

in the amount of non-renewable energy sources, acidification of the environment, ozone 

depletion, eutrophication, reduced availability of water, soil and groundwater, loss of 

biodiversity and noise and dust. Deterioration of the air quality and the environment causes 

health issues for humans. (RIL 2013, 57-58.) 

Product stage
Construction 

process
Use stage

End-of-life 
stage
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Buildings are identified as a critical field of action by IPCC. Energy-related greenhouse gas 

emissions originating from buildings using energy for heating and cooling, ventilation, air 

conditioning and lighting are high worldwide. Therefore, buildings are a good field to reduce 

the emissions significantly. However, the energy consumption and the resulting emissions 

in a building’s life cycle is a cross-sectoral issue. Usually statistics and environmental 

considerations are divided according to economic sectors. In such division, the operation of 

a building and activities related to it are included in “buildings” sector and the “industry” 

sector holds the information related to the construction of a building. Therefore, the total 

impact from buildings does not appear consistently in the statistics. (Röck et al. 2020, 2-3.) 

 

3.2 Factors affecting buildings’ emissions 

 

As stated above, the emissions from a building are a result of consumption of natural 

resources. The amount of emissions depends on the amount of consumed natural resources, 

but also their quality has an influence. For example, different materials have different climate 

impact. Materials which are more processed, for example metals and concrete, have a higher 

climate impact as the processing requires more energy which leads to higher carbon 

emissions. The same applies in reverse for less processed materials, for example stone and 

wood, which in turn have lower carbon emissions. (Rodrigues et al. 2018, 424.) Also, the 

source of the consumed energy influences the emissions. Therefore, the climate impact 

between different buildings can vary greatly.  

 

Many factors influence the energy use in the buildings sector. Variations in climate and 

different ways of constructing and using a building influences the energy demand as well as 

changes in population, building’s floor area and the amount of household appliances. The 

increase in the floor area of buildings, population growth and the use of buildings have 

contributed the most into buildings’ high energy demand since 2010. The growth of energy 

demand has decreased by improving building insulation and the performance of energy 

systems. Despite these improvements, the building and construction sector are globally 

increasing their contribution to emissions and energy use. As the energy related emissions 

are the main contributor in to building sector’s emissions, it reflects the quality of fuels used 
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to meet the end-use energy demands. (United Nations Environment Programme 2019, 13-

14.) 

 

As mentioned above, the use phase of a building is one of the biggest contributors in a 

building’s energy consumption and the resulting climate impact varies according to the 

intended use of the building. Buildings can be categorized to different categories according 

to their usage. Residential buildings use energy for space and water heating, space cooling, 

lighting and appliances (United Nations Environment Programme 2019, 13).  An industrial 

building uses energy for the same operations, but as businesses produce products and 

services, energy is in addition needed for example for different production tools, pumps, 

compressed air and process steam, heat or cooling (Timmerman et al. 2014a, 63). The energy 

use differs with the use of the building. 

 

Mostly the attempts to decrease building’s greenhouse gas emissions focus on reducing 

operational energy demand by increasing the energy efficiency. Also, renewable energy is 

utilized to reduce the emissions of energy consumption. Usually the goal is to achieve net-

zero energy emissions in the use phase of buildings. This goal supports the reduction of 

greenhouse gas emissions alongside with the conservation of non-renewable energy sources. 

Actions towards the goal show in the tightening of legal requirements considering building’s 

operational energy efficiency. In addition, the growing awareness within the construction 

industry has increased the development of products and systems as well as established 

numerous tools for information and design. All the before mentioned actions have 

successfully decreased the energy demand in a building’s operation phase. However, this 

shifts the pressure to decrease the environmental impacts from building’s operation to other 

stages in the life cycle. (Röck et al. 2020, 2.) 

 

The mitigation of buildings emissions in other than in the operational life cycle stage requires 

focusing on building envelope improvements, low-carbon building materials, nature-based 

solutions and higher efficiency. These activities require investments from governments, 

companies and private citizens to achieve reductions in emissions. Also, to decarbonize the 

whole building stock, the improvements and investments must adequately offset growth. In 

addition to investments to decarbonize building stock, country-level strategies, funding 
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schemes for developing low-energy as well as regulations for buildings and building 

practices are needed. (United Nations Environment Programme 2019, 13-14.) 

 

As the most efficient technologies are not yet in use widespread, investments in sustainable 

buildings are insufficient and policies are lacking effectiveness, there is still potential to 

decrease the environmental impact caused by buildings. There are multiple technologies in 

the market to improve building’s environmental performance and as they are cost efficient, 

they also improve comfort and energy services in a building. But there are still market 

barriers which prevent newer technologies from entering and spreading in the markets. With 

innovative business models, financing and market mechanisms the transition to cleaner 

energy technology is possible. Policies can support arising technologies to make them 

affordable. With regulations addressing the building energy performance and mandatory 

standards, applying the key energy technology solutions for buildings would be encouraged. 

This would lead to faster transition towards clean energy and reduce the costs as the 

technologies become more widespread. (IEA 2019.)  

 

3.3 Sustainable construction in Finland 

 

In order to achieve the goals of sustainable development of society, sustainable construction 

is a key starting point and practice. As the sector contributes majorly in the energy 

consumption and emissions, the potential for influence in the sector is obvious. (RIL 2013, 

9.) In sustainable construction, the ecological, economic and social aspects of sustainable 

development are implemented to construction and building. With sustainable construction 

practices, the lowest possible amount of carbon is released into the atmosphere while 

producing long-lasting, material and energy efficient buildings and structures. In addition, 

they are safe, healthy, comfortable, flexible, easy to maintain and preserve their value over 

time. In sustainable construction, it is essential to compare different solutions from the 

viewpoint of all sustainability aspects for the entire life cycle of a building. While mitigating 

climate change is a key goal, low emissions or energy efficiency, for example, must not 

guide choices at the expense of health or safety. (Rakennusteollisuus 2020b.)  
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In Finland, the standards for sustainable construction drawn up by the technical committee 

of the European Committee for Standardization (CEN) are used. The standards create 

common rules to produce neutral information on sustainable construction and to focus the 

review on the key matters. At the same time, they are in line with EU-level regulations. The 

aim of the standards is to ensure improvements in energy efficiency, make materials more 

efficient by reducing waste and reusing and recycling more and finally lead to construction 

solutions which are long-lasting and sustainable. (Rakennusteollisuus 2020a.) 

 

Implementing life cycle approach in the construction industry is exceptionally demanding 

because buildings and structures are one of the most long-lasting products of our society. 

Life cycle-oriented construction practice aims to optimize the life cycle quality of a building. 

Life cycle quality is the ability of a building or structure to meet the requirements of the user, 

owner and society throughout its design life. Life cycle quality requirements can be divided 

into operating requirements, financial requirements, ecological requirements and cultural 

requirements. (RIL 2013 9-10.) 

 

A building is always a collection of numerous materials and technical functions. A low-

emission, comfortable and long-lasting building is not created by optimizing individual 

building components. The impact of construction products and materials must always be 

assessed for the whole building and its life cycle. (Rakennusteollisuus 2020b.) Flexibility of 

a building is a key measure against premature building obsolescence. For this reason, it is 

important to be prepared for changes during building’s life cycle in architectural and 

structural planning as well as in building technology. The needs of the user may change for 

various reasons or may change as the user of the building changes. For example, in a 

commercial or industrial building, a change in the form or scope of the user's business may 

result in changes to the user's original requirements. (RIL 2013, 90.) 

 

Considering the durability and recyclability of construction products, as well as the 

utilization of industrial by-products and the use of environmentally friendly raw materials 

are part of sustainable use of natural resources. The promotion and evaluation of these is also 

partly required by the comprehensive reform of the Finnish Waste Act, which has been 

implemented on the basis of the EU Waste Directive. (Rakennusteollisuus 2020a.) The aim 
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of the re-use and recycling of buildings and building components is to save raw materials 

and thereby reduce emission. Buildings are designed to be demolished and materials 

recycled. The reuse of building components and materials begins by designing them to be 

easily disassembled. Therefore, different materials are clearly separated and detachable from 

each other. This makes them easy to sort and recycle. In practice, for example, the use of 

adhesives is avoided in fastenings and screw fastenings are used instead of nailing. (RIL 

2013, 84.) 

 

3.4 Carbon neutrality 

 

Finland has stated in its medium-term climate plan, that it will strive for carbon neutrality 

by 2045. The government program of the current Finnish government has set the goal of 

achieving carbon neutrality in 2035. However, neither of these provide a precise definition 

of which emissions and sinks are included in the carbon neutrality target. As a term, carbon 

neutrality has been used in various relations as a target for climate change mitigation. 

Generally, carbon neutrality is referred as a state in which greenhouse gas emissions from 

an individual, a product, a service, an organization, a municipality, a region, a state or an 

association of states are at a level that is harmless from the viewpoint of climate change. 

Nevertheless, the term has been used slightly differently by different parties and therefore it 

must always be defined separately in the context in order to avoid misunderstandings. 

Carbon neutrality targets mainly aim to a zero net emission situation, where greenhouse gas 

emissions in a certain scope of activities are equal to offsets. Offsets are carbon sinks that 

remove greenhouse gases from the atmosphere. Carbon sink can be a process, an action or a 

mechanism which absorbs greenhouse gases from the atmosphere. (The Finnish Climate 

Change Panel 2019, 7-8 & 12.) 

 

The approach to achieving carbon neutrality consist of three phases. The first phase is to 

measure the amount of greenhouse gas emissions. (The Finnish Climate Change Panel 2019, 

9.) Greenhouse gas emissions from a product, service or operation are generally estimated 

as carbon footprint. Carbon footprint of a product, service or operation represents the amount 

of greenhouse gas emissions generated throughout its life cycle. (The Finnish Climate 

Change Panel 2019, 5 & 20.) Different greenhouse gas emissions are converted to carbon 
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dioxide equivalents and their sum is the carbon footprint of the operation. In this context, the 

boundaries and time frame for the calculations should be determined as well as how the 

emissions are calculated and measured. There are several standards and guidelines for the 

calculation of the carbon footprint, for example the Greenhouse Gas Protocol and ISO 14064 

and 14067 standards. These determine how to measure, manage and report greenhouse gas 

emissions. (Finnish Environment Institute 2015, 10-13.)  

 

The second phase towards carbon neutrality is to reduce the carbon footprint. Carbon 

footprint can be reduced by developing a carbon management plan with a time scale, specific 

reduction targets and means to achieve the targets. Carbon management plan guides to 

overall carbon neutral transformation. (Finnish Environment Institute 2015, 10-14.) In line 

with the objective of carbon neutrality, the net zero emission situation between greenhouse 

gas emissions and offsets can be achieved by still generating greenhouse gas emissions, 

when an equal amount of emitted emissions is offset or sequestered from the atmosphere 

within an agreed period of time. For example, a country, region or area can use the net carbon 

sink of the land use, land use change and forestry sector within the geographical area in a 

way that the emissions from the sector are lower compared to the offsets. These include for 

example planting trees, increasing the carbon stock in soils, and in the future carbon capture. 

(The Finnish Climate Change Panel 2019, 9.) 

 

Emissions are often offset by carbon sinks in a geographical area that seeks carbon neutrality. 

However, these are not always large enough to compensate for the remaining emissions. 

Therefore, in the last phase towards carbon neutrality, the remaining emissions, which are 

unavoidable, are compensated to achieve a carbon neutral state. In this case, off-site emission 

reductions are achieved, or carbon offsets are added that would not otherwise occur and have 

at least an equal emission reduction as the amount of remaining emissions in the area. Same 

rules for calculating emissions and offsets should be applied within a country to avoid double 

counting and for example situations where two areas benefit from the same emission offset. 

(The Finnish Climate Change Panel 2019, 7-9.) 

 

Two markets exist for compensation, statutory and voluntary markets. The emission trading 

system developed by European Union is an example of a statutory market. Operators 
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specifically designated in emission trading system can purchase allowances from the official 

allowance market to offset the emissions. The rules of the emission trading system apply on 

a geographical area and do not allow to transfer allowances from one system to another. The 

voluntary market for carbon compensation can be either domestic or foreign. Voluntary 

emission reduction units are required to meet certain criteria to ensure the acceptability of 

their use, and emission reductions are usually also verified by a third party. The emission 

reduction units are generated in various projects around the world, mainly in developing 

countries. Projects may concern for example increase of renewable energy or afforestation. 

(The Finnish Climate Change Panel 2019, 21-22.) 

 

The selected scope and the chosen method specify the aspects that are considered in the 

assessment, and carbon neutrality is accomplished when greenhouse gas emissions are either 

avoided or compensated. For example, if only energy is considered, a business park could 

be labeled carbon neutral with carbon neutral energy consumption. Carbon neutral energy 

consumption could be accomplished by for example purchasing renewable electricity or by 

generating renewable energy locally. However, in this analysis, the emissions from 

harvesting, processing and transportation of the renewable fuels are ignored. (Timmerman 

et al. 2014a, 47-48.) In Finland, regional emissions have been calculated based on production 

or consumption. Production-based emission calculation estimates the greenhouse gas 

emissions from emission sources occurring within the boundaries of the assessed area, while 

consumption-based emission calculation estimates emissions also from the used energy 

which is generated outside the area. The consumption-based method of estimating emissions 

is becoming established in Finland. (The Finnish Climate Change Panel 2019, 5 & 14.) 

 

For a residential building to be carbon neutral, passive design solutions should be 

implemented. These are for example utilization of daylight and solar energy, gravity-based 

ventilation and technical energy efficiency. (Ahola & Liljeström 2018, 62-66.) Some of these 

could also be applied to industrial buildings, for example utilization of solar energy and 

technical energy efficiency. According to Ahola and Liljeström (2018), the carbon footprint 

of a building should be analyzed from the beginning of the construction project. Maximum 

impact and cost-effectiveness can be achieved when things are considered on time as the 

construction project progresses. In practice, the carbon footprint of a building can be reduced 
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by reducing the energy consumption, by resource-efficient use of materials, by favoring low-

emission materials and by producing or purchasing renewable energy. (Ahola & Liljeström 

2018, 62-66.) 

 

Carbon neutrality is not only about cutting the emissions. It is also a promise to become more 

climate friendly and continuously improve in climate change mitigation. As there are no 

common rules, different interpretations of carbon neutrality have developed. Although there 

are international standards considering the carbon footprint calculation, the concept is 

communicated in various ways. Transparency, honesty and openness are the basis in carbon 

neutrality. There is a need for a more specific guideline for carbon neutrality considering 

different sectors in order to develop their specific carbon neutrality targets. As carbon 

neutrality often has a positive reputational effect, it should also be measured in terms of 

added value. (Finnish Environment Institute 2015, 5-6.) 

 

3.4.1 Carbon handprint 

 

As negative environmental impacts are calculated throughout a product’s life cycle as carbon 

footprint, carbon handprint is defined to calculate the positive environmental impacts from 

a product’s life cycle. For the carbon footprint, the goal is to reduce the negative 

environmental impacts as close to zero as possible, but with the carbon handprint, there is 

no limit for the positive impacts that a product can hold. In a carbon handprint assessment, 

the greenhouse gas impacts which are beneficial for the environment are calculated. The 

basic principle is, that reducing one’s own carbon footprint does not create a carbon 

handprint – the carbon handprint is created by reducing another actor’s carbon footprint, for 

example consumers carbon footprint. Carbon handprint can be created for a product by 

offering a product with a lower carbon footprint compared to a baseline product or by 

reducing the customer’s processes carbon footprint. There are many mechanisms that can 

create carbon handprint. These are for example efficient material and energy use, material 

replacement, waste reduction and extending the products service life. Carbon capture and 

storage could also be seen as creating a carbon handprint. In addition to creating a positive 

climate impact, carbon handprint can be used in marketing, informing stakeholders and 
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identifying the opportunities to increase the climate performance of products. (Pajula et al. 

2018, 8-12). 

 

As with carbon footprint calculation, the carbon handprint calculation has to follow 

transparency, credibility and clarity. When claims about positive environmental impacts are 

made based on carbon handprint assessment, the claim needs to be specified and made 

understandable for the target audience. Also, information of the correct interpretation of the 

result needs to be presented. (Pajula et al. 2018, 22-23.) A country, a company, an association 

and an individual can contribute to reducing the carbon footprint of others by their own 

actions and calculate this benefit for themselves as a carbon handprint. However, to avoid 

double counting, the same emission reduction should be taken into account in the reporting 

of only one activity. So far, the emission benefits of climate-friendly products and services 

compared to conventional products and services have not been taken into account in the 

pursuit of carbon neutrality in any municipality or region but monitoring these issues may 

otherwise be in line with the municipality's or region's clean technology strategy. (The 

Finnish Climate Change Panel 2019, 20-21.) 

 

For buildings the carbon handprint is defined as “climate benefits that can be achieved during 

a building’s life cycle and which would not arise if there were no construction project” 

(Ministry of the Environment 2019, 30). Building’s carbon handprint is created by avoiding 

greenhouse gases by reusing and recycling of building materials, by producing extra 

renewable energy in the building or on the building site or by utilizing construction materials 

which store biogenic carbon. (Ministry of the Environment 2019, 30). Even though a 

building's carbon handprint has a slightly different definition compared to a product’s carbon 

handprint, it could be reasonable to think that the carbon handprint of a building would 

decrease the carbon footprint of the user of the building. 
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4 LIFE CYCLE ASSESSMENT  

 

Life cycle assessment (LCA) method was developed to understand and address the 

environmental impacts related to manufacturing and consuming products. LCA quantifies 

the potential environmental impacts and used resources in a product’s life cycle. The 

development of a life cycle-oriented approach for environmental assessment of products 

originates from environmental pollution and material and energy scarcity concerns. In total 

the discipline has 50 years of history, but it has been developed intensively only less than 30 

years. In 1960s the first life cycle-oriented methods were presented, and since then LCA has 

developed considerably. As different methods were evolving, it was important to develop a 

harmonized method to ensure consistency between different studies. The International 

Organization of Standardization developed global standards for LCA to prevent different 

studies of the same product from giving opposite results. The developed standards are ISO 

14040 addressing the LCA principles and framework and ISO 14044 for defining the 

guidelines and requirements for the studies. (Hauschild et al. (ed.) 2018, 18-27.) 

 

As defined in ISO 14040, the environmental aspects and possible impacts are examined over 

the product’s whole life cycle; from raw material sourcing and production to use and end-

of-life recycling until final disposal. Therefore, LCA is a functional tool in identifying the 

phases where a product’s environmental performance can be improved. In addition, LCA 

can support decision making, marketing and product development. (SFS EN-ISO 14040: 

2006, 6-7.)  

 

4.1 General principles and phases  

 

The general principles in LCA study include environmental focus, life cycle perspective and 

transparency among other things. LCA should always comply with the requirements which 

are determined in ISO 14044. As presented in figure 2, there are four phases in LCA study. 

The phases are definition of goal and scope of the study, inventory analysis, impact 

assessment and interpretation. Throughout the process, there is a constant dialogue between 

all phases to ensure the consistency of the study. (SFS EN-ISO 14040: 2006, 7-11.) 
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Figure 2. The phases of LCA (SFS EN-ISO 14040: 2006, 8). 

 

The first phase of LCA is to define the goal and intended application of the study. Scope of 

the study can then be adjusted to correspond the goal. The scope specifies the product system 

under review and its limitations as well as the functional unit. The scope of the system 

determines the inputs and outputs of the product system. Inputs are for example raw 

materials and energy. Outputs are for example emissions to water and air. Functional unit is 

the reference for measuring the inputs and outputs. In the inventory analysis phase, all the 

relevant data is collected, and inputs and outputs of the system are quantified in relation to 

the functional unit. The inventory analysis is an iterative process, as new requirements or 

limitations may be identified by learning more about the studied system. The goal and the 

scope of the study determine how detailed or general the collected data can be to carry out 
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the study. (SFS EN-ISO 14040: 2006, 11-13.) With complex product systems, avoiding 

allocation is recommended and instead it is advised to expand the product system to enable 

including of the co-products related additional functions to the assessment (SFS EN-ISO 

14044: 2006, 14). 

 

In the impact assessment phase, the magnitude and significance of potential environmental 

impacts throughout the product life cycle is estimated based on the inventory analysis.  

Impact assessment includes mandatory and optional elements. Mandatory elements include 

the selection of the impact categories, category indicators and characterization models as 

well as classification and characterization of the results. (SFS EN-ISO 14040: 2006, 14-16.) 

The impact assessment phase is largely automated in practice. Impact categories, category 

indicators and characterization models are determined by selecting a life cycle impact 

assessment method in the life cycle assessment software that the practitioner has access to. 

(Hauschild et al. (ed.) 2018, 168-173.) 

 

Impact assessments optional elements are normalization of the results relative to reference 

information, grouping or weighting. As the impact assessment accounts only for the issues 

defined in the goal and scope, it may not represent the total environmental impact of the 

reviewed product system. In the last phase of LCA the results are considered together from 

the impact assessment and inventory analysis. The main goal of interpretation is to check the 

consistency of the results and goal of the study and recognize limitations. Conclusions and 

recommendations can be drawn from interpretation. (SFS EN-ISO 14040: 2006, 14-16.) 

 

There are many high-quality studies complying with the standards, but there are also studies 

with important mistakes or manipulation for achieving an intended result. The studied 

systems often are not unambiguous and the LCA consists from multiple data sources, 

measurements and influential assumptions. Therefore, an independent critical review 

process to prevent misuse and identify mistakes is a part of LCA. In addition to above 

mentioned, critical review improves the quality of study and raises the trust in results and 

conclusions. It is an important part of LCA, but it is not a guarantee that the study is as 

perfect as possible, as there are always some aspects that are not considered or are unable to 

be addressed. (Hauschild et al. (ed.) 2018, 336-346.) 
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4.2 Applying life cycle assessment to buildings 

 

Life cycle assessments has been done in the building sector from 1990 and it has gained 

importance with the current movement towards sustainable construction practices. Due to 

its comprehensive approach to environmental evaluation, LCA can be incorporated into 

building construction and decision making for the selection of environmentally preferable 

products. LCA has become an important method in the evaluation of environmental impacts 

associated with construction projects. Assessment models and inventory data for different 

levels are provided by multiple construction related software tools and databases. Data is 

available from brand specific level to sector and industry level. (Cabeza et al. 2014, 395-

396.) For understanding the true environmental impact of the construction sector, the 

application of LCA is essential. LCA should be applied especially to industrial buildings as 

they contribute significantly to the overall environmental impact and are less studied. 

(Bonamente et al. 2014, 2841-2842.) 

 

However, it is recognized that LCA for analyzing buildings environmental performance is 

one of the most complicated application of the method (Cabeza et al. 2014, 400; Anand & 

Amor 2017, 414). The process requires more than a simple aggregation of individual product 

and material impacts. When comparing with conventional LCA applications, construction 

and buildings related LCAs face additional challenges considering site specific impacts, 

complexity of the model, uncertain scenarios, indoor environments and inclusion of recycled 

material data. There are also many model uncertainties associated with for example lack of 

data, assumptions and the varying sensitivity of receiving environment. (Cabeza et al. 2014, 

397-400.) 

 

To unify the practices, the Technical Committee (TC 350 Sustainability of construction 

works) of the European Organization for Standardization has created a standard package as 

a basis for harmonized European rules for buildings’ environmental assessment. The 

standard package is based on the ISO 14040 series on life cycle assessments and includes a 

guided calculation method for assessing the environmental performance of buildings (EN 

15978) and common European rules for the preparation of environmental product 
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declarations for construction products (EN 15804, EN 15942 and CEN/TR 15941). Creating 

commonly agreed, transparent and credible rules has improved the reliability and usability 

of the life cycle assessment for the environmental impact assessment of buildings. By 

defining commonly used indicators and establishing the criteria for functional equivalence 

enables buildings to be compared. (Rakennusteollisuus 2020a.) EN 15978 defines rules for 

the environmental performance assessment considering new and existing buildings. 

Assessments done by these rules include all necessary and relevant information from 

construction products, processes and services which are used over a building’s life cycle by 

utilizing data from Environmental Product declarations (EPD) and from other sources. (SFS 

EN 15978. 2011, 7.) 

 

EN 15978 differs from ISO 14040 by specifying the system boundary that applies at the 

building level. Table 1 presents the building level system boundary. According to the 

specified system boundary, the product phase should include information of the raw material 

supply, transportation and manufacturing of the materials and services which are used in the 

construction.  The construction process phase should consider not only the construction and 

installation processes on site but also transport of materials, products and construction 

equipment to and from the site. As the use phase is the longest from a building’s life cycle, 

it includes the most aspects to consider. These include the use, maintenance, repair, 

replacement and refurbishment of the building and operational water and energy 

consumption. The environmental impact of the end-of-life stage depend on de-construction 

and demolition, transportation, waste processing and disposal. In addition, the environmental 

effects outside the scope can be analyzed in module D. This way benefits or loads originating 

from material reuse and recycling, energy recovery and energy exports can also be 

considered. (SFS EN 15978: 2011, 19-29.) 
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Table 1. System boundary for LCA in the building level (SFS: EN 15978: 2011, 21) 

Product 

A1 Raw material supply 

A2 Transport 

A3 Manufacturing 

Construction process 
A4 Transport 

A5 Construction and installation process 

Use 

B1 Use 

B2 Maintenance 

B3 Repair 

B4 Replacement 

B5 Refurbishment 

B6 Operational energy use 

B7 Operational water use 

End of life 

C1 De-construction and demolition 

C2 Transport 

C3 Waste processing 

C4 Disposal 

External effects D Reuse, recovery and recycling potential 

 

Module D considers the recycled and recovered materials as potential resources for future 

use. The impacts are assessed based on current practice, average existing technology or net 

impacts, when a material flow exceeds the boundary of the system. Net impacts are defined 

as impacts connected to the recycling process to substitute primary production, minus the 

impacts producing the substituting product. Only the net material flow that exits the system 

is used for calculating the avoided impacts in the case of closed loop recycling. More detailed 

instructions for calculating the module D are presented in EN 15804. (SFS EN 15978: 2011, 

29-36.) 

 

Decision making based on LCA studies is still mainly limited to research. There are many 

reasons why building practitioners haven't adopted the method widely. Main reasons are for 

example incompatibility between LCA tools and routine building related tools, lack of LCA 

knowledge and stakeholders not being interested in LCA. (Anand & Amor 2017, 413.) 

However, life cycle assessment can be used to earn credits in some building certification 

systems. This is due to certification systems understanding that it is important to reduce the 

emissions of a building over its whole life cycle. That is possible by performing a building 
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life cycle analysis and therefore some of the certification credits require it. For example, 

LEED and BREEAM certification systems have LCA related credits. (Bionova Ltd 2018.) 
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5 CASE BUSINESS PARK 

 

The case business park of this study is a new construction area in Korvenkanta, in Imatra, 

South Karelia of Finland. The property is presented in figure 3 and it is right beside highway 

6, which passes the area from the bottom in the figure. The area used to be a field, and based 

on ground study, the soil is very soft and requires deep piling. The construction of the area 

is planned to begin in 2020 case by case. As the business park is constructed case by case, 

the year of completion is not known. Therefore, all the calculations to estimate the business 

park’s buildings are done according to present standards and requirements.  

 

 

Figure 3. Picture of the case business park adapted from the project. 

 

A total of 90 000 m2 of buildings can be built on the site. Figure 4 presents a draft on how 

the total amount of the buildings is fitted on to the property. As the area is zoned as a business 

park, there are different sized buildings in the draft to take into account all the different 

possible businesses from small offices to big industrial buildings. In the draft the buildings 

are not aligned straight to south because the placement of the roads in the area was decided 
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before considering own solar production. If the buildings were aligned south with the 

existing road placement, the maximum building area would not fit on to the property. Based 

on the calculations made in the project, the planned location of the buildings in the southeast 

will produce 3-4 percent less solar energy compared to a situation where they were directed 

directly to the south. Where possible, production can be affected by adjusting the panels to 

face south on the roof. 

 

 

Figure 4. Draft of the building layout for the case business park, adapted from the project. 

 

5.1 Heat and electricity in the case business park 

 

As the case business park strives for carbon neutrality, only renewable energy sources are 

considered for energy supply. In addition to avoiding the greenhouse gas emissions by 

utilizing renewable energy sources, they are also inexhaustible. With energy conversion 

technology, renewable energy sources are transformed into heat, electricity or mechanical 

work. (Timmerman et al. 2014a, 86.) To ensure a steady supply of energy, the case business 
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park considers a combination of heat pumps, district heating and purchasing renewable 

energy as energy solution. The area is also planned to produce solar electricity. These are 

discussed in more detail in the following chapters and different combinations of presented 

energy technologies will be compared by their climate impact in the life cycle assessment. 

Due to variability in renewable energy production, an energy storage is usually planned 

alongside the energy production system to ensure energy security. In this case the planning 

of the business park is just in the beginning, thus an energy storage is not yet considered in 

this study.  

 

Compared to other European countries, Finland has one of the highest electricity 

consumptions per capita. This is due to Finland’s northern location but also industrial 

structure. As a lot of Finland’s industry is energy intensive, about half of all consumed 

electricity is used by the industrial sector. Due to cold and dark winters, a major portion of 

the electricity is also needed for heating and lighting. Electricity consumption varies 

according to the time of day and season, for example on a cold winter day the consumption 

is significantly higher compared to a summer day during holidays. (Fingrid 2013, 8.) 

 

5.1.1 Solar photovoltaics 

 

Solar photovoltaic (PV) panels are used to converting solar radiation into electricity. The 

geographical location specifies the average annual solar irradiation and it is also affected by 

local climate conditions. Irradiation has variation yearly by seasons and daily by daytime. 

Panels can be installed on inclined and flat roofs or walls and integrated into windows. 

(Timmerman 2014a, 87.) In Finland, the annual average solar irradiation ranges from 1100 

kWh/m2 in Southern Finland to 1000 kWh/m2 in central Finland. The strong market 

development of solar electricity has led to a decrease in the price of the. A PV system consists 

of two or three main components which are solar panels, inverter and a storage. Electricity 

storage is not required for grid-connected systems. (Tahkokorpi et al. 2016,14 & 136.) The 

inverter is used to convert the electricity current suitable for the grid. The most commonly 

used PV module technology is crystalline silicon. The technology is based on electrically 

connecting the individual silicon cells in series and encapsulating and framing them to form 

modules. The second common technology is thin films. This technology is based on 
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attaching a micrometer thin layer of photovoltaic material to inexpensive substrate, for 

example steel or glass. (Timmerman 2014a, 88.)  

 

The costs of solar power normally consist of investment costs for energy collection system 

and storing system. Other costs may arise from replacing broken parts or cleaning of the 

panels. The price for solar PV systems is constantly decreasing which makes it competitive 

in the market. (Tahkokorpi et al. 2016, 187-191.) Even though solar panels produce 

renewable electricity, they are not completely emission free. Liu et al. (2015, 566) found that 

most of the greenhouse gas emissions from a solar PV system’s life cycle results from the 

PV module manufacturing process. The environmental impact of manufacturing different 

type of PV panels can vary, but regardless of the panel type, the manufacturing requires 

plenty of various materials. In addition to emitting greenhouse gases, the manufacturing 

process also consumes a considerable amount of energy. (Liu et al. 2015, 562.) For example, 

the average carbon footprint for solar cells manufactured in China is 44 - 67 gCO2/kWh, 

while the carbon footprint for solar cells manufactured in Europe is on average 24 - 31 

gCO2/kWh (First Solar, 2018). 

 

5.1.2 Purchasing renewable electricity 

 

The environmental impacts of electricity depend on the used fuel and efficiency in energy 

production. European Union influences the choice of electricity generation fuels by emission 

trading scheme. For example, the cost of producing electricity from a coal-fired power plant 

increases because the producer must obtain emission allowances equivalent to the power 

plant's carbon dioxide emissions. Thus, the price of electricity encourages the production of 

electricity by methods that minimize carbon dioxide emissions. (Fingrid 2013, 5.) 

Renewable electricity supports more sustainable energy production and is based on the use 

of renewable energy sources instead of fossil fuels and non-renewable energy sources. The 

supply of renewable electricity has grown considerably in recent years in the domestic 

market. Carbon-free and carbon-neutral production methods help to mitigate climate change. 

In addition, renewable energy production is a far-sighted alternative to non-renewable 

energy sources, which will inevitably run out in the future. (Sähkövertailu.) 
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Renewable energy is produced from resources that are naturally renewable and inexhaustible 

when properly exploited. In electricity generation, renewable energy sources include 

hydropower, wind power, bioenergy, solar energy and geothermal energy. Renewable 

energy sources are significantly cleaner than other production methods in terms of emissions 

and environmental impact. In addition, renewable electricity provided by electricity 

distributors is often relatively inexpensive. (Sähkövertailu.) In Finland electricity can be 

marketed as renewable only if the origin is guaranteed. This aims to promote the opportunity 

to choose renewable electricity and to verify the accuracy of the information reported on the 

use of renewable energy sources. Guarantees of origin for electricity are granted only for 

electricity produced from renewable energy sources. (Energiavirasto.)  

 

As electricity cannot be separated by the production type in the grid, the purchaser of 

environmentally friendly electricity will get the same quality of electricity as others. For 

example, when the customer purchases electricity produced by wind power, the electricity 

seller must obtain it an equivalent amount. (Fingrid 2013, 17.) In 2018 the share of renewable 

electricity in Finland of total electricity production was 46 % (Statistics Finland 2019). For 

renewable electricity the emission factor is 0 gCO2/kWh while it is 158 gCO2/kWh on 

average for all electricity in Finland (WWF 2019).  

 

5.1.3 District heating 

 

In Finland, district heating is the most commonly used heating solution. It can be produced 

with combined heat and power plants and with separate heating plants. District heat 

production can use biomass, coal, natural gas, peat, waste or oil as a fuel. The environmental 

impacts depend on the used fuel. (Finnish energy 2020a.) The produced thermal energy is 

distributed to customers in the district heating network as hot water. The heat from hot 

district heating water is released to customers by heat exchangers and then the water returns 

to the production plant for reheating. In Finland the heat losses in distribution network are 

about 8-9%. (Finnish Energy 2020b.) The price of district heat depends on the energy 

company, production method as well on the age and structure of the district heating network. 

When joining district heat network, the building pays a connection fee. Pricing includes also 

a demand charge and an energy fee. Demand charge depends on building type and the size 
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of the connection, and building’s energy use determines the energy fee. (Paiho & 

Saastamoinen 2018, 670.) 

 

The closest district heating network for the case business park is provided by Imatran Lämpö 

Oy. Imatran Lämpö Oy provides district heating operations in the Imatra area by operating, 

maintaining, designing and constructing district heating plants and heating networks. The 

basic load of district heating is produced with forest chips and by-products of the forest 

industry. Natural gas is used as a reserve and peak fuel for district heating. In 2018 Imatran 

Lämpö Oy produced 49 % of its district heat with wood chips, 47 % with forest industry by-

products and 3 % with natural gas. Imatra Lämpö Oy's bio-energy based district heating and 

utilization of forest industry by-products are part of circular economy and environmental 

strategy. Due to the significant share of biomass use in the production, district heat produced 

by Imatran Lämpö Oy is almost carbon-free, with a specific carbon dioxide emission of 9.5 

g/kWh. (Imatran Lämpö 2018, 11-15.) 

 

5.1.4 Heat pumps 

 

Heat pumps are used for heating buildings, water and processes. Heat pump’s operation is 

based on a repetitive working cycle. This working cycle consists of extracting heat from a 

cold reservoir by evaporating the refrigerant, compressing the vapor to higher pressure and 

temperature and delivering the heat to a hot reservoir by condensation of the vapor. After 

this, the condensed liquid passes through an expansion valve to reduce pressure and 

temperature, and it returns to the evaporator. Heat is exchanged between the working fluid 

and the hot and cold reservoirs with heat exchangers in the condenser and evaporator. Heat 

can be extracted for example from the ground, water or outside air. (Timmerman 2014a, 93.) 

Despite the heat extraction source, the operation principle remains the same. Two heat pump 

options are considered into the case business park: ground source heat pumps and air-to-

water heat pumps.  

 

The performance of the heat pump can be measured with the coefficient of performance 

(COP), which is the ratio of heat pumps delivered heat over the electricity consumption and 

it depends on the temperature difference between the hot and cold reservoir. For example, if 
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heat pump’s COP is 4, it can produce 4 kWh of heat from 1 kWh of electricity. (Timmerman 

et al. 2014a, 93.) Therefore, the heat pump produces the required amount of heat with less 

purchased energy. As heat pumps use electricity to operate, the environmental impacts 

depend on the electricity production method. Also, environmental impacts are caused from 

the production of the heat pump.  

 

Ground source heat pump utilizes heat energy stored to ground. Usually ground source heat 

pump requires a large investment in the beginning but has low operation costs. Overall costs 

depend on the size of the heat pump, the chosen system solution and the amount of use. 

Majority of geothermal thermal installations are carried out with thermal wells. By using a 

heat well, an underground heating system can usually be built on a narrow site but is usually 

the most expensive solution. Another option is to utilize the solar thermal energy stored in 

the soil surface by horizontal piping. (Motiva 2020.)  

 

Air to water heat pump utilizes heat energy from outside air. It is a functioning solution when 

the horizontal pipeline or heat well required for geothermal heat cannot be made. The 

investment cost is usually cheaper compared to a ground source heat pump system, but 

otherwise the overall costs are similar. At cold temperatures, the air source heat pump's 

thermal coefficient and output power are clearly reduced. (Motiva 2019a.)  

 

5.2 Buildings in the case business park 

 

To estimate the carbon footprint from the buildings built into the business park, different 

building profiles are created. As the planning of the business park is still in process and there 

can be a varying range of different businesses in business parks, four different building 

profiles are created. By having four as diverse as possible building types with different 

characteristics, the possible climate impact caused by the buildings can be estimated as 

comprehensively as possible. As mentioned earlier, there could be industrial buildings, 

office buildings and retail buildings in business parks. Industrial buildings could be either 

for manufacturing or for storing, so both are simulated by creating separate profiles for a 

factory and for a warehouse. Building profiles are also created for an office building and for 

a retail building. 
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Following chapters explain the main characteristics of the different building profiles. The 

characteristics are defined in terms of building materials, structural specifications and annual 

water and energy consumption. The information of the building profiles is gathered from the 

Carbon Neutral Business Park -project and from literature.  

 

5.2.1 Building materials and structure 

 

Building materials are assumed for the studied buildings types regarding the foundations and 

substructure as well as the structure and envelope. In the Carbon Neutral Business Park -

project, a design solution study of various construction alternatives environmental impacts 

was done, and it was used to choose the building materials for this assessment. The design 

solution’s materials are in accordance with current building standards and practices. The 

studied design solution was made for a 1000m2 industrial hall, from which the quantities are 

scaled to match the size of the different building profiles. Based on the examination, it is 

assumed that the factory has a steel frame to correspond the demanding use which industrial 

processes may require. The other building profiles are assumed to have a concrete frame.  

 

Despite the different frame solution, otherwise the building materials are same for the 

building profiles. As the ground in the area was found to be soft soil, the buildings require a 

piling foundation. In addition to foundations, the building structure for all building profiles 

consist of a concrete ground floor slab, wood element roof and the external walls consist of 

plinth element and sheet metal panel elements with insulation wool. Above mentioned 

structures are adopted from the project and the rest of the building material choices are based 

on assumptions. These assumptions include that the doors in the building profiles are 

wooden and internal walls are plasterboard. 

 

It should be noted, that as the study in the project for construction materials is done for an 

industrial hall, the quantities of the frame structure and materials may be overly robust for 

other types of buildings, such as for warehouses. Thus, the amount of materials may be 

estimated to be higher, than what would be needed. 
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Structural specifications for each building profile are presented in table 2. All dimensions 

and quantities are assumed as these buildings do not exist, with the exception of the area of 

air raid shelter, which by the Finnish law has to be at least 1 % or 20m2 of the buildings gross 

area (Finlex 2011, 2§). The factory is assumed to have a big space for example for product 

assembly with small windows and big industrial doors. The building profile for a warehouse 

is created with the same assumptions, only it being smaller in size. Retail and office buildings 

are assumed to be smaller and brighter spaces. The office building is assumed to have two 

storeys. 

 

Table 2. Structural specifications for different building profiles. 

Building profile Factory Warehouse Retail  Office 

Storeys 1 1 1 2 

Gross area [m2] 5000 3000 1000 1000 

Base dimensions [m] 50x100 50x60 50x20 50x20 

Height [m] 9 7 7 9 

Wall area  

[m2, including windows and doors] 
2700 1540 980 1260 

Wall area  

[m2, excluding windows and doors] 
2403 1371 911 995 

Windows 

[% from wall area] 
1 % 1 % 5 % 20 % 

Windows [m2] 27 15 49 252 

Doors  

[% from wall area] 
10 % 10 % 2 % 1 % 

Doors [m2] 270 154 20 13 

Air-raid shelter [m2] 50 30 20 20 

 

The internal structure of the building profiles is assumed only in terms of internal walls and 

doors. The assumptions are done to get a rough estimate for the amount of internal building 

material. The area of internal walls is estimated by assuming smaller, 25m2 spaces within 

the buildings. The office building is assumed to be a closed space having the most partitions. 

With 25m2 spaces the whole office area is divided in 80 smaller spaces. The other building 

profiles are assumed to be more open. The retail building is assumed to have 100m2 of its 

area divided with the smaller spaces. The warehouse is assumed to have 200m2 of its area 

divided with the smaller spaces and the manufacturing building is assumed to have 300m2 
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of its area divided with the smaller spaces. Figure 5 illustrates the space layout for different 

building profiles.  

 

 

Figure 5. Illustration of the space layout for different building profiles. Dimensions are in meters.  

 

The area of internal walls can be calculated by assuming the room height to be 2,5m and 

multiplying it with the length of needed internal walls. The size of internal door is assumed 

to be 2m2 and the total area of internal doors can be calculated by multiplying the size with 

the amount of the smaller spaces within the building. Table 3 presents the total area of 

internal walls and doors for each building profile.  

 

Table 3. Internal walls and doors for different building profiles.  

Building profile Factory Warehouse Retail Office 

25m2 spaces 12 16 4 80 

Internal walls [m2] 300 200 100 1650 

One internal door [m2] 2 2 2 2 

Internal doors [m2] 24 32 8 160 

 

Factory 
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5.2.2 Buildings’ water consumption 

 

Different building types have different water consumption. Table 4 presents annual building 

type specific hot water consumption per gross floor area (GFA) for office, retail and other 

building types. These are used to calculate the annual water consumption for different 

building profiles. The default value for other buildings is applied to warehouse building 

profile and factory building profile.  

 

Table 4. Default values for hot water consumption in different building types (Motiva 2019b). 

Building type Consumption of hot water [m3/GFA/year] 

Office 0,100 

Retail 0,065 

Other 0,100 

 

The consumption of hot water for different building profiles can be calculated by multiplying 

the consumption of hot water with the area of the building. Total water consumption for 

different building profiles is estimated by assuming that 40% of water use is for hot water 

and 60% for cold water. The calculated water consumptions for different building profiles is 

presented in table 5. The total water consumption is for office building 500 m3/year, retail 

building 163 m3/year, warehouse 750 m3/year and factory 1250 m3/year. 

 

Table 5. Water consumption of different building profiles. 

Building profile 
Hot water 

[m3/year] 

Cold water 

[m3/year] 

Total water consumption 

[m3/year] 

Office 200 300 500 

Retail 65 98 163 

Warehouse 300 450 750 

Factory 500 750 1250 

 

5.2.3 Buildings’ energy consumption 

 

The annual energy demand for the created building profiles has been calculated previously 

in the Carbon Neutral Business Park -project and reported by Ropo (2020). The calculation 

was done based on one year’s temperature data from 2017 from Finnish Meteorological 

Institute. Calculation was done by following the principles of Decree of the Ministery of the 

Environment for the energy efficiency of a new building (Ympäristöministeriö, 2017), and 
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when default values for some building types were not available, information from the project 

was utilized in the calculation. Indoor temperature of the buildings was 18-21 ℃, depending 

on the building type. The temperature efficiency of the heat recovery unit in ventilation was 

assumed to be 80 %. Values used to calculate the heat losses are presented in table 6. These 

are adapted from the project. A more detailed description of the energy demand calculation 

can be found from Ropo (2020).  

 

Table 6. Values used to calculate the heat losses. 

U-values for structures 

Walls 0,17 W/m2K 

Roof 0,09 W/m2K 

Base floor 0,16 W/m2K 

Windows 1 W/m2K 

Doors 1 W/m2K 

 

Building type specific electricity demand was utilized in the energy demand calculations. 

Building type specific electricity demand includes business operation related electricity 

demand in addition to buildings normal electricity demand. By utilizing building type 

specific electricity demand, the different businesses of the business park are considered. Data 

for building type specific electricity demand is from Imatran Seudun Sähkö Oy and Energy 

Authority. Figure 6 presents the annual building type specific electricity demands for 

different building profiles. Factory building profile has the highest electricity demand and 

retail building profile the second highest. Electricity demands for warehouse building profile 

and office building profile are lower. 
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Figure 6. Building type specific electricity demand (Ropo 2020). 

 

Figure 7 presents the monthly heating and cooling demands for different building profiles 

calculated in the project. The heating demand for water was calculated by using the same 

default values for the building profiles’ water consumption, that were presented in table 4. 

The cooling demand in office building and warehouse building is relatively high due to U-

values used in the calculations. Cooling demand could be decreased with window placement 

or shading. 
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Figure 7. Monthly heating and cooling demands for the building type profiles (Ropo 2020). 

 

Table 7 presents the annual electricity, heating and cooling demand for different building 

profiles calculated in the project. The total annual energy demand for factory building is 246 

kWh/m2 and 144 kWh/m2 for warehouse. For office building the total annual energy demand 

is 105 kWh/m2 and 147 kWh/m2 for retail building. 

 

Table 7. Annual energy demand for different building type profiles (Ropo 2020). 

Building profile Electricity Heating Cooling Total Unit 

Factory 170 72 4 246 kWh/m2 

Warehouse 49 51 1 101 kWh/m2 

Office 43 44 18 105 kWh/m2 

Retail 69 51 26 147 kWh/m2 

 

When the annual energy demands for different building profiles were determined in the 

project, the energy consumption was optimized for three different energy supply scenarios. 

The scenarios differ from each other in terms of heat supply system. In scenario one, the heat 

is provided by local district heating company, Imatran Lämpö Oy. In scenario two, the heat 

is produced by air-to-water heat pump and local district heating. In scenario three, the heat 

is produced by ground source heat pump and local district heating. Domestic hot water was 

assumed to be heated with electricity. Cooling was assumed to be provided by electricity in 
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scenario 1 and by heat pumps and electricity in scenario 2 and 3. The seasonal coefficient of 

performance (SCOP) for space heating with air-to-water heat pump was 2,5 and the SCOP 

for ground source heat pump was 5. Dimensioning of the energy supply system was based 

on cost optimization. The share of air-to-water heat pump from total heat energy demand is 

85 % for all building profiles. The share of the ground source heat pump from total heat 

energy demand is 95 % for all building profiles. 

 

In all three scenarios, a solar PV plant was optimized for all building profiles based on self-

consumption ratio. The self-consumption ratio describes the share of solar electricity 

produced that the solar electricity producer consumes in its own electricity system. When 

the self-consumption ratio is 100%, the producer of solar electricity consumes all the 

produced electricity. If a photovoltaic producer produces more electricity than it can 

consume itself, some of the electricity can be sold to the electricity grid and the self-

consumption ratio will decrease. (Simola et. al. 2018, 114.) In the project, the self-

consumption ratio is assumed to be 90 % based on previous experience and cost optimization 

in sizing solar power plants. Therefore, 10 % of the produced electricity is sold to the grid. 

The share of electricity, which is not covered with PV production, is supplied by purchasing 

renewable electricity from the grid.  

 

In scenario 1, the heat for the buildings is provided by district heating. Figure 8 presents the 

annual energy consumption for different building profiles in scenario 1. Factory building 

consumes 72 kWh/m2a of district heat and 174 kWh/m2a of electricity. Warehouse building 

consumes 51 kWh/m2a of district heat and 50 kWh/m2a of electricity. Office building 

consumes 44 kWh/m2a of district heat and 61 kWh/m2a of electricity. Retail building 

consumes 51 kWh/m2a of district heat and 96 kWh/m2a of electricity.   
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Figure 8. Energy consumption in scenario 1 with district heat as heat supply solution. 

 

As a solar PV plant was optimized for all building profiles, part of the electricity can be 

covered by own production. Table 8 presents the nominal energy consumption for different 

building profiles in detail in scenario 1. Values are calculated in the project. 

 

Table 8. Energy consumption in scenario 1. 

Building profile 
District heat 

[kWh/m2a] 

Grid electricity 

[kWh/m2a]  

PV own use 

[kWh/m2a] 

PV export 

[kWh/m2a] 

Panel area 

[% of roof area] 

Factory 72 145 29 3 22 % 

Warehouse 51 39 11 1 8 % 

Office 44 47 14 2 22 % 

Retail 51 75 21 2 16 % 

 

In scenario 2, the heat for the buildings is provided by air-to-water heat pumps and district 

heating. Figure 9 presents the annual energy consumption for different building profiles in 

scenario 2. Factory building consumes 11 kWh/m2a of district heat and 195 kWh/m2a of 

electricity. Warehouse building consumes 8 kWh/m2a of district heat and 66 kWh/m2a of 

electricity. Office building consumes 7 kWh/m2a of district heat and 67 kWh/m2a of 

electricity. Retail building consumes 7 kWh/m2a of district heat and 99 kWh/m2a of 
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electricity. The total amounts of consumed energy are lower compared to the calculated 

energy demands, due to the use of heat pumps. 

 

 

Figure 9. Energy consumption in scenario 2 with air to water heat pump and district heat. 

 

As a solar PV plant was optimized for all building profiles, part of the electricity can be 

covered by own production. Table 9 presents the nominal energy consumption for different 

building profiles in detail in scenario 2. Values are calculated in the project. 

 

Table 9. Energy consumption in scenario 2. 

Building profile 
District heat 
[kWh/m2a] 

Grid electricity 
[kWh/m2a]  

PV own use 
[kWh/m2a] 

PV export 

[kWh/m2a] 

Panel area 

[% of roof area] 

Factory 11 166 28 3 21 % 

Warehouse 8 56 11 1 8 % 

Office 7 55 12 1 18 % 

Retail 8 79 19 2 15 % 

 

In scenario 3, the heat for the buildings is provided by ground source heat pumps and district 

heating. Figure 10 presents the annual energy consumption for different building profiles in 

scenario 2. Factory building consumes 4 kWh/m2a of district heat and 185 kWh/m2a of 
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electricity. Warehouse building consumes 3 kWh/m2a of district heat and 59 kWh/m2a of 

electricity. Office building consumes 2 kWh/m2a of district heat and 61 kWh/m2a of 

electricity. Retail building consumes 3 kWh/m2a of district heat and 92 kWh/m2a of 

electricity. The total amounts of consumed energy are lower compared to the calculated 

energy demands, but they are also lower than in scenario 2. This is because in the project 

calculations ground source heat pump had a higher SCOP value. 

 

 

Figure 10. Energy consumption in scenario 3 with ground source heat pump and district heat. 

 

As a solar PV plant was optimized for all building profiles, part of the electricity can be 

covered by own production. Table 10 presents the nominal energy consumption for different 

building profiles in detail in scenario 3. Values are calculated in the project. 

 

Table 10. Energy consumption in scenario 3. 

Building profile 
District heat 

[kWh/m2a] 

Grid electricity 

[kWh/m2a]  

PV own use 

[kWh/m2a] 

PV export 

[kWh/m2a] 

Panel area 

[% of roof area] 

Factory 4 158 27 3 20 % 

Warehouse 3 48 10 1 8 % 

Office 2 50 11 1 17 % 

Retail 3 73 19 2 14 % 
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The total amount of consumed energy differs for all building profiles in different scenarios 

due to the efficiency of the heat pumps. For all building profiles, the least amount of energy 

is consumed in scenario 3, and the highest amount of energy is consumed in scenario 1. In 

all scenarios, the factory building profile consumes the highest amount of purchased energy 

and warehouse the lowest.  
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6 LIFE CYCLE ASSESSMENT FOR BUSINESS PARK’S 

BUILDINGS 

 

In this chapter the business park’s buildings climate impact is studied with life cycle 

assessment. The climate impact for different building profiles is calculated with One Click 

LCA calculation tool, by using EN-15978 life cycle assessment tool. One Click LCA is a 

web-based tool for life cycle assessment developed by Bionova Ltd. The tool has been 

verified to comply with standard EN 15978 by a third party and contains construction 

product and material data which is based on EN 15804 compliant EPDs. The calculation tool 

supports CML – IA 2012 impact assessment methodology, which was created in 2001 by 

the University of Leiden in the Netherlands. (One Click LCA 2015.) 

 

The calculation is done with a student license. The life cycle model for each building profile 

is built according to the EN 15978 guidelines as accurately as possible considering the stage 

of the construction project. Following chapters explain goal and scope, inputs of the model 

and results of this assessment. 

 

6.1 Goal and scope of the assessment 

 

The goal of this study is to calculate the climate impact of the created building profiles and 

determine, which energy supply scenario results to the lowest climate impact. To determine 

the climate impact, the global warming potential is calculated in CO2-equivalents, which is 

presented as the carbon footprint of the building. Similarly, the climate benefits caused by 

the buildings are calculated in CO2-equivalents and are is presented as the carbon handprint 

of the building. 

 

This is a cradle-to-grave assessment and in order to make the results of the different building 

profiles comparable, they are calculated within the same boundaries. Life cycle stages 

included in the scope and the boundaries or assumptions used in the calculation are presented 

in table 11. The functional unit of the study is the total square meter area of each building 

profile and the assessment period is 50 years. As the building profiles are not existing 
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anywhere, this assessment is more of a concept design. Description of the buildings and their 

characteristics was given in chapter 5.2.  

 

Table 11. Boundaries of the study. 

Life cycle phase Boundary 

A1-A3 Product phase 

Emissions from the entire production 

chain of construction products. Quantities 

of building materials according to 

available initial data.  

A4 Transport to construction site 

Emissions from transport of construction 

products and machinery. The default 

values of the calculation tool for Nordic 

countries for transport distances and 

means are used. 

A5 Construction and installation process 

Construction site operation related 

impacts calculated with the climate zone 

average impacts of the calculation tool. 

B1-B5 
Use, maintenance, repair, replacement 

and refurbishment 

Emissions from maintenance and renewal 

of materials. The calculation tool 

calculates the emissions of the phase 

based on the input material data. The 

default life span of the calculation tool for 

different products and materials is used as 

the life span of building materials. 

B6 Operational energy use 

Emissions of energy consumed by a 

building. Annual energy consumption of 

building profiles is calculated earlier in 

the project. Energy solutions are assumed 

to remain the same for the entire life 

cycle. The development of the emission 

factors is not considered.  

B7 Operational water use 

Clean water production and wastewater 

treatment emissions from the use of the 

building. Water consumption calculated 

based on typical values. 

C1-C4 
De-construction and demolition, 

transport, waste processing and disposal 

The calculation tool calculates the 

emissions from this phase based on the 

entered input data. 

D External impacts 

Includes benefits from recyclable waste 

and exported renewable energy. The 

calculation tool calculates the emissions 

based on the entered input data. 
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The life cycle assessment calculations for different building profiles are done for the three 

different energy supply scenarios. Scenarios are implemented by applying the scenario 

specific energy supply information calculated in the project. All other inputs remain the same 

in different scenarios, only the energy related inputs are changed according to the scenarios. 

 

The results of the building life cycle assessment are used to estimate the business park’s 

climate impact in chapter 7. When the building’s carbon footprint and carbon handprint are 

determined, they can be divided by the area of the building and the calculation period to 

result to annual building specific values per square meter. With the square meter specific 

values for different building profiles, the carbon footprint and carbon handprint of the whole 

business park can be estimated. 

 

6.2 Inventory analysis 

 

As this is a building type specific review, information is gathered for each building types 

from the processes within the defined system boundary. The processes include the 

manufacturing of the building materials, transportation of the building materials to the 

building site and constructing of the building, maintenance and renewal of the building 

materials, buildings energy and water use and de-construction and demolition and 

transporting the waste to processing and disposal. Therefore, data from buildings’ material, 

energy and water consumption is needed for a 5000m2 factory building, 3000m2 warehouse 

building, 2000m2 office building and 1000m2 retail building. The preferred types of data for 

a concept design are generic, aggregated and average data as well as model scenarios for use 

stage (SFS EN 15978: 2011, 39.) 

 

Data for different building type profiles is collected mainly from Carbon Neutral Business 

Park -project and it was presented earlier in chapter 5.2. As the different building type 

profiles were created in order to conduct this study, the use of material, energy and water 

was calculated based on the assumed sizes of the buildings. Calculation tool’s average 

parameters are used to complete the building information. Although the buildings’ material 

data is based on a real building’s design solution, energy use data is based on energy demand 
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calculations and cost optimization and water use data is calculated based on typical values, 

the created building type profiles are very generic.  

 

The calculation tool calculates the building’s life cycle impacts based on given inputs and 

gives the results for selected impact category as an output. Inputs are information of the 

building and they are set into the life cycle assessment tool in different categories. The 

categories consider building materials, annual energy consumption, annual water 

consumption, construction site operations, building area and calculation period. The 

following chapters explains the used inputs in the assessment for all building profiles and 

energy scenarios. The results for different scenarios are calculated by copying the design and 

changing the energy inputs. 

 

6.2.1 Building material inputs 

 

Material inputs considered in this study are presented in table 12. This assessment does not 

address surface materials or external areas. In the calculation, the materials have been 

selected to correspond to the wood-roofed steel and concrete frame building types according 

to a study carried out in connection with the Carbon Neutral Business Park -project. All 

other materials and structures are calculated based on the area of the building, except for the 

pillars. According to project, a 1000 m2 concrete-framed hall needs 29 m3 of reinforced 

concrete pillars and the steel-framed hall needs 10 534 kg of steel pillars and 7,7 m3 of 

concrete filling. This information is used to scale volumes for different building profiles in 

the calculation. Piling has been selected for soft ground at a depth of 30 m based on soil 

examination in the project. 
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Table 12. Material inputs considered in the life cycle assessment. 

Materials Structure Data source 

Foundation 
Piling Project  

Footing Project  

Exterior wall and facades 

Plinth Project  

Exterior walls Project  

Facades Project  

Pillars and beams Pillars and other vertical structures Project  

Internal walls Internal walls Assumption 

Horizontal structures 

Ground floor Project 

Intermediate floor Assumption 

Attic floor Project 

Roof Project  

Other structures Stairs Assumption 

Windows and doors  

Windows Assumption 

Internal doors  Assumption 

External doors Assumption 

Building technology 

Elevators Calculation tool 

Ventilation system Calculation tool 

Electricity distribution system Calculation tool 

Heat distribution system Calculation tool 

Sewage water drainage piping network Calculation tool 

Drinking water supply piping network Calculation tool 

 Solar panel photovoltaic system Calculation tool 

 Heat pumps Calculation tool 

 

Material inputs for internal walls, other structures and windows and doors are selected based 

on assumptions. As there are two storeys in the office building profile, it is assumed that 

there will be two staircases and one elevator with a concrete assembly for elevator shaft 

corresponding to the height of the building. Other building technology in the building 

profiles is estimated with building area-based default values provided by the calculation tool. 

All material inputs utilized in the calculation are presented in appendix 1 for the steel-framed 

building profile and for the concrete framed building profile. Default values from the 

calculation tool are also utilized for materials’ transportation distances and service life.  

 

6.2.2 Energy consumption inputs 

 

Calculation tool calculates the energy related impacts based on the annual consumption of a 

certain energy carrier. Therefore, the annual consumption of grid electricity, annual 
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consumption of district heating and the amount of annually exported energy are used as 

inputs. As the functional unit in this study is the total area of the building, the energy inputs 

for each building profile and energy supply scenario are calculated by multiplying above 

mentioned values from chapter 5.2.2 with the building profiles total area to result into annual 

energy consumption and production amounts. The impact of the solar PV system is estimated 

by applying the panel area into the building materials and the impact is calculated with an 

average Finnish default value. The impact caused by heat pumps is also calculated in the 

building materials by applying a heat pump corresponding to the size optimized in the 

project.  

 

The input values for district heat and grid electricity consumption as well as the exported 

solar electricity and the area needed for PV panels are presented in table 13 for scenario 1. 

In the calculation of environmental impact, the default value for Imatran Lämpö Oy is 

utilized for the district heat. This is from year 2018. For the renewable electricity, the average 

Finnish green electricity default value is utilized. This is also from year 2018. The calculation 

tool has also another green electricity option with lower emissions, but as it is from year 

2012, the newer option is utilized. The exported electricity is calculated to substitute the 

average Finnish grid electricity mix.  

 

Table 13. Energy related inputs in scenario 1. 

Energy input Factory Warehouse Office Retail Unit 

District heat 358 154 88 51 MWh/a 

Grid electricity 727 116 94 75 MWh/a 

Exported electricity 16 4 3 2 MWh/a 

PV panel area 1087 254 220 156 m2 

 

The input values for district heat and grid electricity demand as well as the exported solar 

electricity and the area needed for PV panels are presented in table 14 for scenario 2. Also, 

the nominal power of the heat pumps for different building profiles presented in the table. 

The impact is calculated as in previous scenario, but in addition the air-source heat pump is 

added to the building material category. 
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Table 14. Energy related inputs in scenario 2. 

Energy input Factory Warehouse Office Retail Unit 

District heat 54 23 13 8 MWh/a 

Grid electricity 839 167 110 79 MWh/a 

Exported electricity 15 4 3 2 MWh/a 

PV panel area 1060 241 183 147 m2 

Size of heat pump 70 30 20 10 kW 

 

The input values for district heat and grid electricity demand as well as the exported solar 

electricity and the area needed for PV panels are presented in table 15 for scenario 3. Also, 

the nominal power of the heat pumps for different building profiles is in the table. The impact 

is calculated as in the previous scenario, but instead of the air-source heat pump, a ground 

source heat pump is added to the building material category. 

 

Table 15. Energy related inputs in scenario 3. 

Energy input Factory Warehouse Office Retail Unit 

District heat 18 8 4 3 MWh/a 

Grid electricity 789 145 100 73 MWh/a 

Exported electricity 15 3 2 2 MWh/a 

PV panel area 1018 235 168 142 m2 

Size of heat pump 80 30 20 10 kW 

 

6.2.3 Water consumption inputs  

 

The environmental impact of operational water use is calculated with the annual water 

consumption and calculation tool’s default value. The previously calculated annual water 

consumption for each building profile is utilized. The calculation tool includes a default 

value for tap water production with conventional treatment and treatment of wastewater in 

Finland.  

 

6.2.4 Other inputs 

 

Other inputs for the assessment are construction site operations, building area and calculation 

period. As the business park is only being planned, the construction site operations are 

estimated by utilizing the calculation tool’s construction site scenarios. The impact is 
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estimated by selecting the climate zone and area of the building. The scenarios consider fuel, 

electricity, waste and transportation impacts. Average construction site impacts for Nordic 

countries is utilized. For the building area, the gross floor area is applied. 50-year calculation 

period is selected. 

 

6.3 Impact assessment 

 

In this chapter the calculation results are presented. The calculation tool calculates the results 

based on the given inputs. The results are reported as a generic overview of impact categories 

and life cycle modules. As the goal of this study is to determine the carbon footprint for the 

different building profiles, only the global warming potential (kgCO2eq.) impact category 

is assessed. Climate impact is presented as carbon footprint and carbon handprint. Carbon 

footprint is the sum of the emissions over the whole life cycle of a building and carbon 

handprint is the sum of the life cycle’s external impacts. Also, different building profiles and 

their emissions in different life cycle phases are presented.  

 

6.3.1 Building profiles’ climate impact 

 

Figure 11 presents the total carbon footprints over the 50-year calculation period for different 

building profiles in different energy scenarios. In addition, the figure presents the carbon 

handprints of the building profiles. There are differences between different building profiles 

and different scenarios. For the factory building profile, the carbon footprint is 4 700 tCO2eq 

in scenario 1, 3 900 tCO2eq in scenario 2 and 3800 tCO2eq in scenario 3. For the warehouse, 

the carbon footprint is 2 100 tCO2eq in scenario 1, 1 800 tCO2eq in scenario 2 and 1700 

tCO2eq in scenario 3. For the office the carbon footprint is 1300 tCO2eq in scenario 1, 1 100 

tCO2eq in scenario 2 ja 1 000 tCO2eq in scenario 3. For retail building profile the carbon 

footprint is 800 tCO2eq in scenario 1, 670 tCO2eq in scenario 2 and 650 tCO2eq in scenario 

3. In all scenarios, factory building profile has the highest total emissions, warehouse the 

second highest, office the third highest and retail building profile has the lowest emissions. 
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Figure 11. Carbon footprints and carbon handprints for different building profiles and scenarios. 

 

The different scenarios have a similar impact on to all building profiles carbon handprints. 

For the factory building profile, the carbon handprint is -670 tCO2eq in scenario 1, -660 

tCO2eq in scenario 2 and -650 tCO2eq in scenario 3. For the warehouse, the carbon handprint 

is -300 tCO2eq in scenario 1 and 2, and 290 tCO2eq in scenario 3. For the office the carbon 

handprint is -210 tCO2eq in scenario 1, and -200 tCO2eq in scenario 2 and 3. For retail 

building profile the carbon handprint is -120 tCO2eq in scenario 1 and 2, and -100 tCO2eq 

in scenario 3. The differences in certain building type’s carbon handprint between different 

scenarios are minor compared to the differences in carbon footprints. For example, the 

carbon footprint of the factory building differs by hundreds of CO2 equivalents between 

different scenarios, while the carbon handprint differs only by tens of CO2 equivalents. 

 

When the results are related to the area of the building and the calculation period, the 

different building type profiles can be compared. Figure 12 presents the building profile 

specific carbon footprints and carbon handprints for different building profiles and scenarios. 

For the factory building profile, the carbon footprint is 19 kgCO2eq/m2a in scenario 1, 16 

kgCO2eq/m2a in scenario 2 and 15 kgCO2eq/m2a in scenario 3. For the warehouse, the carbon 
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footprint is 14 kgCO2eq/m2a in scenario 1, 12 kgCO2eq/m2a in scenario 2 and 11 

kgCO2eq/m2a in scenario 3. For the office the carbon footprint is 13 kgCO2eq/m2a in 

scenario 1, 11 kgCO2eq/m2a in scenario 2 and 10 kgCO2eq/m2a in scenario 3. For retail 

building profile the carbon footprint is 16 kgCO2eq/m2a in scenario 1, 13,4 kgCO2eq/m2a in 

scenario 2 and 13,0 kgCO2eq/m2a in scenario 3. The differences between different building 

profiles are not significant. Compared to total carbon emissions in figure 12, the factory 

building has also the highest specific carbon footprint despite the scenario, but retail building 

has the second highest specific carbon footprint instead of warehouse.  

  

 

Figure 12.  Specific carbon footprints and carbon handprints for different building profiles and scenarios. 

 

The carbon handprints are also very similar between building profiles and scenarios when 

divided with the building profile area and calculation period. For the factory building profile, 

the carbon handprint is -3 kgCO2eq/m2a in all scenarios. For the warehouse, the carbon 

handprint is -2 kgCO2eq/m2a in all scenarios. For the office the carbon handprint is -3 

kgCO2eq/m2a in all scenarios. For retail building profile the carbon handprint is -2 

kgCO2eq/m2a in all scenarios. 
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The carbon footprints for building profiles in scenario 2 and 3 are very similar, but the carbon 

footprints in scenario 1 are significantly higher. In scenario 1, the carbon footprints of 

building types profiles are the highest and in scenario 3 they are the lowest. The carbon 

handprints for all building profiles are very similar in all scenarios. 

 

6.3.2 Climate impact in different building life cycle phases 

 

In this chapter, the climate impact in different building life cycle phases is presented for all 

building profiles. The factory building profile has the highest total climate impact in all 

scenarios. Figure 13 presents the carbon emissions for factory building profile in different 

life cycle phases and scenarios. The emissions in different life cycle phases are almost 

identical except for the use phase. This is due to the different energy system in different 

scenarios. In scenario 1, the emissions from the use phase are higher compared to the 

emissions in the product phase. In scenario 2 and 3 the emissions for the use phase are 

significantly lower.  

 

 

Figure 13. Life cycle carbon emissions for factory building profile. 
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The warehouse building profile has the second highest total climate impact in all scenarios. 

Figure 14 presents the carbon emissions for warehouse building profile in different life cycle 

phases and scenarios. The emissions in different life cycle phases are almost identical except 

for the use phase. This is due to the different energy system in different scenarios. In scenario 

1, the emissions from the use phase are almost as high as the emissions from the product 

phase. In scenario 2 and 3 the emissions for the use phase are significantly lower. 

 

 

Figure 14. Life cycle carbon emissions for warehouse building profile. 
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Figure 15. Life cycle carbon emissions for factory building profile. 
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Figure 16. Life cycle carbon emissions for factory building profile. 

 

Most of the emissions occur in the product phase and in the use phase, despite the building 
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emissions because the utilization of ground source heat pump leads to the lowest amount of 

purchased energy. By minimizing the energy consumption of the building, the emissions are 

reduced mainly in the use phase of the building, as only a slight reduction can be noticed on 

the product phase. The factory building profile has significantly higher emissions in the use 

phase compared to other building profiles. The figures for warehouse, office and retail 

building profile are very similar, which is be due to their similar structure assumptions.  
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scenario 3 are examined in more detail and the completeness of the life cycle assessment is 

evaluated. Also, a sensitivity analysis for building profiles’ emissions in scenario 3 is carried 

out considering the solar energy production.  

 

6.4.1 Climate impact in scenario 3 

 

As in other scenarios, also in scenario 3 most of the building’s life cycle emissions occur in 

the product and use phase. Figure 17 presents in percentages the contribution of different 

life cycle phases to the total climate impact for different building profiles in scenario 3. 

Depending on the building profile, 50-60% of emissions are caused by the manufacturing of 

building materials, 3-5% by construction of the building, 30-40% by building’s use phase 

and 2-3% by deconstruction. 

 

 

Figure 17. Different life cycle phase’s contribution to total emissions. 

 

Figure 18 presents the carbon emissions of the building profiles’ life cycle in more detail in 

scenario 3. Based on the figure it can be concluded that despite the building profile, materials 
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also noted to be a major contributor to the total climate impact, the figure shows that the 

impact consists mainly of maintenance and energy use, as water use has only a small impact.  

 

 

Figure 18. Building profiles’ life cycle emissions in scenario 3. 

 

The distribution of emissions over the life cycle of a building is similar for different building 

profiles. Figure 19 presents the emission distribution in scenario 3 for retail building profile 

over the 50-year calculation period. In the beginning of the building’s life cycle, the materials 

cause a significant carbon dioxide emission peak. Later in the life cycle the visible emission 

peaks are caused by maintenance and material replacement and deconstruction at the end of 

the building life cycle. The constant emissions caused by energy and water use are so minor 

compared to the major emission peaks, that they don’t show in the figure. 
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Figure 19. Emission distribution over the calculation period in kgCO2eq (One Click LCA 2015). 

 

If the emissions from the life cycle of building profiles were still to be minimized, emission 

reductions should be targeted to materials, as the energy-related emissions are already very 

low due to renewable energy utilization. However, the effects of using lower-carbon 

products on the life cycle carbon footprint are not unambiguous. A solution with a higher 

carbon footprint at the product stage can have a positive effect on the carbon footprint of the 

entire life cycle of a building through the long-term durability of materials or reduced energy 

consumption, or vice versa. (Ahola & Liljeström 2018, 5.)  

 

The calculation tool’s Carbon Heroes Benchmark gives one view of the studied buildings’ 

material performance in scenario 3. Calculation tool has Carbon Heroes Benchmark profiles 

on a global scale corresponding to the four studied building type profiles. By selecting 

building type-specific benchmark profile, the calculation tool determines how the studied 

building compares to other similar buildings in terms of material emissions. The results are 

classified from A to G and the scale is determined by the chosen Carbon Heroes Benchmark 

profile. The studied factory building is compared to a global industrial building profile, and 

the benchmark result is class G. In the benchmark profile it corresponds to material 

emissions exceeding 580 kgCO2eq./m2. The studied warehouse building is compared to a 

global warehouse building profile, and the benchmark result is class F. In the benchmark 

profile it corresponds to material emissions of 480-560 kgCO2eq/m2. The studied office 



67 

 

building is compared to a global office building profile, and the benchmark result is class C. 

In the benchmark profile it corresponds to material emissions of 330-450 kgCO2eq/m2. The 

studied retail building is compared to a global retail building profile, and the benchmark 

result is class D. In the benchmark profile it corresponds to material emissions of 520-680 

kgCO2eq/m2. In scenario 3, the materials that have the highest impact on building profiles’ 

material emissions are foundations and substructure and building technology for all studied 

buildings.  

 

Although the studied buildings are compared to similar building types, the benchmark results 

are low. The only building classified as relatively good based on embodied carbon 

benchmark is the office building profile. Other building profiles’ low placing on the 

embodied carbon benchmark may be because the building profiles are compared to a global 

level’s benchmark, which does not correspond to the climate specific building needs in 

Finland. According to the embodied carbon benchmarks, there is potential to reduce the 

material impact, especially from the studied factory and warehouse building. However, the 

benchmark results could be more reliable, if there were corresponding benchmark profiles 

of Finnish buildings for the studied building types. 

 

6.4.2 Completeness of the assessment 

 

This chapter discusses the completeness and consistency of the life cycle assessment. The 

assessment was carried out consistently, as the results of the study meet the goal of 

estimating the carbon footprint and carbon handprint for the created building profiles and 

determining the energy supply scenario with the lowest climate impact. Building profiles’ 

climate impact was assessed within the same boundaries in all scenarios. As the assessment 

is more of a concept design, a significant amount of general data was used. In addition, 

conducting of the study was strongly depended on the calculation tool’s average parameters. 

Therefore, the results may not be comparable with other studies. However, the assumptions 

made, and the use of general data apply to the same issues in different building profiles and 

scenarios. In this context, the review is complete, but it could be further developed as the 

construction of the case business park develops and as more information of the designed 

buildings is available. 
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As an indication of the plausibility of the assessment model, the calculation tool has its own 

checker for plausibility of the embodied impacts. The plausibility checker reflects the model 

to a same size project with the same frame type and calculation scope. Table 16 presents the 

results of the plausibility checker for all building profiles and scenarios. For office building 

profile the overall grade is A and for other building profiles the grade is B. In all building 

profiles and scenarios there is some deviation from typical values, but overall the different 

building profiles estimated material inputs reflect well the typical values.  

 

Table 16.  Plausibility grade of the models based on the calculation tool. 

Building profile Scenario 1 Scenario 2 Scenario 3 

Office B B B 

Retail B B B 

Warehouse A A A 

Manufacturing B B B 

 

6.4.3 Sensitivity analysis of the solar energy production 

 

As a result of the carbon footprint calculation, all building profiles reach the lowest carbon 

footprint by utilizing ground source heat pumps in scenario 3. This sensitivity analysis 

examines the impact of solar electricity production on to the building profiles’ climate 

impact in scenario 3. The impact is examined by changing the PV plant’s self-consumption 

ratio, as the size of solar energy system was based on self-consumption ratio in the energy 

consumption calculations of the project. The used self-consumption ratio was 90 %. For 

comparison, the sizing was done in the project also with 80 % and 100 % self-consumption 

ratio.  

 

A change in the self-consumption ratio affects the size of the production plant. Therefore, 

the produced solar electricity amount changes and it also affects the needed amount of grid 

electricity. Figure 20 presents the electricity consumption for different building profiles with 

different self-consumption ratios. Results are obtained from the project calculations. The 

total electricity consumption stays the same as well as the amount of needed district heating. 

With 80 % self-consumption ratio the amount of solar production is higher, and the grid 

electricity is not needed as much as with 90 % self-consumption ratio. With 100 % self-
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consumption ratio the amount of solar production is lower, and the grid electricity is needed 

more than with 90 % self-consumption ratio.  

 

 

Figure 20. Electricity consumption in the sensitivity analysis calculated in the project. 

 

Figure 21 presents the effect that the optimization based on self-consumption ratio has on 

the PV panel area. As the amount of solar energy production is higher with 80 % self-

consumption ratio, also the needed PV panel area is increases. When the PV plant is sized 

for 100% self-consumption ratio, the needed PV panel area decreases to ensure that all the 

produced electricity can be utilized in buildings’ own electricity consumption. With 80 % 

self-consumption ratio the panel area percentage of the rooftop area varies from 10 % to 34 

%, when with 90 % self-consumption ratio it varies from 8 % to 20 % and from 3 % to 6 % 

with 100% self-consumption ratio.   
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Figure 21. PV panel area for different building profiles based on the self-consumption ratio optimization. 

 

As the total energy consumption stays the same despite the change in self-consumption ratio, 

the only changing variables in calculations are panel area and the amount of grid electricity 

and exported electricity. Table 17 presents the new calculation inputs calculated in the 

project for different building profiles. Otherwise the calculation is performed as before with 

the calculation tool.  

 

Table 17. New calculation inputs for different building profiles based on the project. 

Building 

profile 

80% self-consumption ratio 100% self-consumption ratio 

Panel area 

[m2] 

Grid 

electricity 

[MWh/a] 

PV export 

[MWh/a] 

Panel area 

[m2] 

Grid 

electricity 

[MWh/a] 

PV export 

[MWh/a] 

Factory 1713 723 50 293 881 0 

Warehouse 307 140 9 95 162 0 

Office 246 93 7 49 115 0 

Retail 212 67 6 41 86 0 

 

The result of calculation is carbon footprint and carbon handprint for different building 

profiles. These are presented in figure 22 for different self-consumption ratio optimizations. 

With 80 % self-consumption ratio, the carbon footprint increases compared to 90 % self-

consumption ratio. As the amount of produced solar energy is higher, a higher amount of 
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solar electricity is exported which leads to bigger carbon handprints for building profiles. 

With 100 % self-consumption ratio, the carbon footprints for building profiles decrease 

compared to 90 % self-consumption ratio. As electricity is not exported, the carbon 

handprints decrease. 

 

 

Figure 22. Carbon footprints and carbon handprints for different building profiles and self-consumption ratios. 

 

The emissions in relation to building area and calculation period are presented in figure 23. 

When the emissions are put into perspective by dividing with the calculation period and the 

area of the building profile, the differences in carbon footprints are smaller. Differences on 

carbon handprints are more significant. This can be stated also by examining the differences 

with percentages.  
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Figure 23. Specific carbon footprints and carbon handprints for different building profiles and self-

consumption ratios. 

 

Sensitivity figures are made by calculating the difference between the new and the original 

value and dividing it by the original value. Figure 24 presents the sensitivity of the carbon 

footprint. With 80% self-consumption ratio the carbon footprints for different building 

profiles increase from 1 to 3 % compared to the carbon footprints with 90% self-consumption 

ratio. With 100 % self-consumption ratio the carbon footprints for different building profiles 

decrease from -1 to -3 % compared to the carbon footprints with 90% self-consumption ratio. 

The biggest changes occur in factory and retail building profiles and the change is smallest 

in warehouse building profile.  
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Figure 24. Sensitivity of the carbon footprint for different building profiles. 

 

Figure 25 presents the sensitivity of the carbon handprint. The differences are more 

significant compared to the differences in carbon footprints. With 80% self-consumption 

ratio the carbon handprints for different building profiles increase from 20 to 58 % compared 

to the carbon handprints with 90% self-consumption ratio. With 100 % self-consumption 

ratio the carbon handprints for different building profiles decrease -13 to -24 % compared to 

the carbon handprints with 90% self-consumption ratio. 

 

-4%

-3%

-2%

-1%

0%

1%

2%

3%

4%

80% 90% 100%

C
h
an

g
e 

in
 c

ar
b

o
n
 f

o
o

tp
ri

n
t 

[%
]

PV self-consumption ratio

Sensitivity of carbon footprint

Factory Warehouse Office Retail



74 

 

 

Figure 25. Sensitivity of the carbon handprint for different building profiles. 

 

Because of the utilization of renewable energy, the carbon footprint is mainly affected by 

the material emissions caused by PV panels. If the average Finnish grid electricity was used, 

the emissions would be different. It must also be noted, that general data of average solar 

panels in Finland are used in calculation. There could be a solar panel supplier with lower 

manufacturing emissions. As the self-consumption ratio increases, the carbon footprints as 

well as the carbon handprints decrease. The results of the sensitivity analysis are 

contradictory to the guidance of a low-carbon building reaching for a low carbon footprint 

and a high carbon handprint (Ministry of the Environment 2019, 4). In this case, both cannot 

be achieved at the same time. However, as the carbon footprint increases only by few 

percent’s while the carbon handprint could be increased by 60 %, increasing the solar 

production could be considered in some cases, for example with factory buildings. Also, the 

achieved decrease in the carbon footprint is not significant, while a major portion of the 

carbon handprint is lost, so decreasing the amount of solar production should also be 

considered carefully. 
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7 ESTIMATING THE BUSINESS PARK’S CLIMATE IMPACT 

 

After applying building life cycle assessment for the business park’s buildings in the 

previous chapter, the whole business park’s climate impact can be estimated for the total 

building area. This is done with the determined annual building type profile specific carbon 

footprints and carbon handprints. Business park’s climate impact is estimated for the three 

different energy scenarios and with different shares of the building types. In addition, the 

business park’s climate impact is estimated with the sensitivity analysis results. Lastly, the 

carbon neutrality of the business park is discussed from the viewpoint of this study.  

 

7.1 Business park’s climate impact 

 

Business park’s climate impact in different scenarios is estimated by assuming that 25 % 

share of all four building profiles are built to the business park. As the maximum allowed 

building area is 90 000m2, 22 500m2 of each building type would be built in this case. The 

total carbon footprint of the business park is calculated by multiplying the building profile 

specific carbon footprints with the building area equal to the share of the total building area 

and with the 50-year calculation period. Table 18 presents the building profile specific 

carbon footprints in different scenarios, the building area for each building type and the 

resulting carbon footprints. The business park’s carbon footprint is 69 000 tCO2eq in 

scenario 1, 58 000 tCO2eq in scenario 2 and 56 000 tCO2eq in scenario 3. As with individual 

buildings, the business park’s climate impact is minimized by utilizing ground source heat 

pumps in scenario 3. Although each building type has an equal share of the total building 

area, they affect the total emissions differently. As factory building profile has the highest 

carbon footprint, it also leads to factory buildings causing the biggest share of the carbon 

emissions on the business park level. 

 

 

 

 

 

 



76 

 

Table 18. Business park’s carbon footprint in different scenarios. 

Building  

profile 

Area 

[m2] 

Scenario 1 Scenario 2 Scenario 3 

Building 

profile 

specific 

carbon 

footprint 

[kgCO2eq./m2a] 

Business 

park’s 

carbon 

footprint 

[tCO2eq.] 

Building 

profile 

specific 

carbon 

footprint 

[kgCO2eq./m2a] 

Business 

park’s 

carbon 

footprint 

[tCO2eq.] 

Building 

profile 

specific 

carbon 

footprint 

[kgCO2eq./m2a] 

Business 

park’s 

carbon 

footprint 

[tCO2eq.] 

Factory 22500 18,9 21000 15,8 18000 15,1 17000 

Warehouse 22500 14,0 16000 11,8 13000 11,3 13000 

Office 22500 12,6 14000 10,5 12000 10,1 11000 

Retail 22500 16,0 18000 13,4 15000 13,0 15000 

Total 90000 - 69000 - 58000 - 56000 

 

In the same way, the carbon handprint of the business park can be estimated in different 

scenarios. Table 19 presents the building profile specific carbon handprints in different 

scenarios, the building area for each building type and the resulting carbon handprints. The 

business park’s carbon handprint is -10 200 tCO2eq in scenario 1 and -10 100 tCO2eq. in 

scenario 2 and 3. As with individual buildings, the business park’s carbon handprint 

decreases in different scenarios as the carbon footprint.  

 

Table 19. Business park’s carbon handprint in different scenarios. 

Building  

profile 

Area 

[m2] 

Scenario 1 Scenario 2 Scenario 3 

Building 

profile 

specific 

carbon 

handprint 

[kgCO2eq./m2a] 

Business 

park’s 

carbon 

handprint 

[tCO2eq.] 

Building 

profile 

specific 

carbon 

handprint 

[kgCO2eq./m2a] 

Business 

park’s 

carbon 

handprint 

[tCO2eq.] 

Building 

profile 

specific 

carbon 

handprint 

[kgCO2eq./m2a] 

Business 

park’s 

carbon 

handprint 

[tCO2eq.] 

Factory 22500 -2,7 -3000 -2,6 -3000 -2,6 -3000 

Warehouse 22500 -2,0 -2200 -2,0 -2200 -2,0 -2200 

Office 22500 -2,1 -2400 -2,1 -2300 -2,0 -2300 

Retail 22500 -2,3 -2600 -2,3 -2600 -2,3 -2600 

Total 90000 - -10200 - -10100 - -10100 

 

After determining that scenario 3 results to the lowest climate impact also on the business 

park’s level, the business park’s climate impact in scenario 3 can be examined with different 

shares of the different building types. In addition to balanced examination where there is 25 

% of each building type in the business park, the climate impact is examined as an example 

for a factory intensive and office intensive business park. For the factory intensive business 

park, it is assumed that 70 % of the buildings are factories and other building profiles cover 
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10 % of the total building area. 70 % of the total building area corresponds to 63 000 m2 and 

10 % to 9000 m2. For the office intensive business park, it is assumed that 70 % of the 

buildings are offices and other building profiles cover 10 % of the total building area. Table 

20 presents the building profile specific carbon footprints in scenario 3, the building area for 

each building type and the resulting carbon footprints. As previously calculated, the carbon 

footprint for the balanced business park is 56 000 tCO2eq. For the factory intensive business 

park, the carbon footprint is 64 000 tCO2eq, and for office intensive it is 50 000 tCO2eq. 

Compared to the balanced estimation, the carbon footprint increases in the factory intensive 

estimation and decreases in the office intensive estimation. Therefore, in addition to the 

energy supply solution, the business park’s climate impact is affected also by the different 

building types and business operations. 

 

Table 20. Business park’s carbon footprint in scenario 3 with different shares of the building types. 

Building  

profile 

Building 

profile specific 

carbon 

footprint 

[kgCO2eq./m2a] 

Balanced Factory intensive Office intensive 

Building 

area 

[m2] 

Business 

park’s 

carbon 

footprint 

[tCO2eq.] 

Building 

area 

[m2] 

Business 

park’s 

carbon 

footprint 

[tCO2eq.] 

Building 

area 

[m2] 

Business 

park’s 

carbon 

footprint 

[tCO2eq.] 

Factory 15,1 22500 17000 63000 48000 9000 7000 

Warehouse 11,3 22500 13000 9000 5000 9000 5000 

Office 10,1 22500 11000 9000 5000 63000 32000 

Retail 13,0 22500 15000 9000 6000 9000 6000 

Total - 90000 56000 90000 64000 90000 50000 

 

The carbon handprint for this estimation is calculated similarly. Table 21 presents the 

building profile specific carbon handprints in scenario 3, the building area for each building 

type and the resulting carbon handprints. As previously calculated, the carbon handprint for 

the balanced business park is -10 000 tCO2eq. For the factory intensive business park, the 

carbon handprint is -11 000 tCO2eq, and for office intensive it is -9 000 tCO2eq. The 

differences in carbon handprints are not as significant as the differences in the carbon 

footprints.  
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Table 21. Business park’s carbon handprint in scenario 3 with different shares of the building types. 

Building  

profile 

Building 

profile 

specific 

carbon 

handprint 

[kgCO2eq./m2a] 

Balanced Factory intensive Office intensive 

Building 

area 

[m2] 

Business 

park’s carbon 

handprint 

[tCO2eq.] 

Building 

area 

[m2] 

Business 

park’s 

carbon 

handprint 

[tCO2eq.] 

Building 

area 

[m2] 

Business 

park’s 

carbon 

handprint 

[tCO2eq.] 

Factory -2,6 22500 -3000 63000 -8000 9000 -1000 

Warehouse -2,0 22500 -2000 9000 -1000 9000 -1000 

Office -2,0 22500 -2000 9000 -1000 63000 -6000 

Retail -2,3 22500 -3000 9000 -1000 9000 -1000 

Total - 90000 -10000 90000 -11000 90000 -9000 

 

The business park’s carbon footprint can also be estimated with the results of the sensitivity 

analysis. The estimation is done by assuming again that there are 25 % of each building 

profiles in the business park. Table 22 presents the building area, building profile specific 

carbon footprints for different building profiles and self-consumption ratios and the resulting 

carbon footprints. The business park’s carbon footprint with 90 % self-consumption ratio 

remains the same as above calculated, 56 000 tCO2eq. For the 80 % self-consumption ratio, 

the carbon footprint of the business park is 58 000 tCO2eq, and for the 100 % self-

consumption ratio it is 55 000 tCO2eq. As noted also in the sensitivity analysis, with 80 % 

self-consumption ratio the carbon footprint is the highest and with 100 % self-consumption 

ration the carbon footprint is the lowest.  

 

Table 22. Business park’s carbon footprint with sensitivity analysis results. 

Building  

profile 

Area 

[m2] 

Self-consumption ratio 

80 % 90 % 100 % 

Building 

profile 

specific 

carbon 

footprint 

[kgCO2eq./m2a] 

Business 

park’s 

carbon 

footprint 

[tCO2eq.] 

Building 

profile 

specific 

carbon 

footprint 

[kgCO2eq./m2a] 

Business 

park’s 

carbon 

footprint 

[tCO2eq.] 

Building 

profile 

specific 

carbon 

footprint 

[kgCO2eq./m2a] 

Business 

park’s 

carbon 

footprint 

[tCO2eq.] 

Factory 22500 15,6 18000 15,1 17000 14,7 17000 

Warehouse 22500 11,4 13000 11,3 13000 11,2 13000 

Office 22500 10,2 12000 10,1 11000 9,9 11000 

Retail 22500 13,3 15000 13,0 15000 12,7 14000 

Total 90000 - 58000 - 56000 - 55000 

 

The carbon handprint for this estimation is calculated similarly. Table 23 presents the 

building profile specific carbon handprints with different self-consumption ratios, building 
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areas and the resulting carbon handprints. The business park’s carbon handprint with 90 % 

self-consumption ratio remains the same as above calculated, -10 000 tCO2eq. For the 80 % 

self-consumption ratio, the carbon handprint of the business park is -15 000 tCO2eq, and for 

the 100 % self-consumption ratio it is -8 000 tCO2eq.  The differences between carbon 

footprints are not as significant as the differences between carbon handprints.  

 

Table 23. Business park’s carbon handprint with sensitivity analysis results. 

Building  

profile 

Area 

[m2] 

Self-consumption ratio 

80 % 90 % 100 % 

Building 

profile 

specific 

carbon 

handprint 

[kgCO2eq./m2a] 

Business 

park’s 

carbon 

handprint 

[tCO2eq.] 

Building 

profile 

specific 

carbon 

handprint 

[kgCO2eq./m2a] 

Business 

park’s 

carbon 

handprint 

[tCO2eq.] 

Building 

profile 

specific 

carbon 

handprint 

[kgCO2eq./m2a] 

Business 

park’s 

carbon 

handprint 

[tCO2eq.] 

Factory 22500 -4,1 -5000 -2,6 -3000 -2,0 -2000 

Warehouse 22500 -2,4 -3000 -2,0 -2000 -1,7 -2000 

Office 22500 -2,6 -3000 -2,0 -2000 -1,8 -2000 

Retail 22500 -3,2 -4000 -2,3 -3000 -1,8 -2000 

Total 90000 - -15000 - -10000 - -8000 

 

The utilization of ground source heat pumps in scenario 3 minimizes the business park’s 

carbon footprint. As the climate impact of different building types varies, the business park’s 

climate impact depends also on the proportions of different building types. The differences 

in the carbon handprint of the business park were not significant except when calculated with 

the sensitivity analysis results.  

 

7.2 Business park’s carbon neutrality 

 

As the boundary for the carbon neutrality of the business park is not determined, it can be 

assumed that as in most definitions of carbon neutrality, all anthropogenic greenhouse gas 

emissions are included (The Finnish Climate Change Panel 2019, 7). Thus, in the business 

park level, both the buildings and the businesses contribute to the business park’s carbon 

emissions. Therefore, even when the carbon handprint caused by buildings would decrease 

the carbon footprint of the businesses operating in the buildings, it can be considered to 

reduce the business park’s emissions eventually. As a result, the carbon handprint is 

presented as a negative value in the figures and when it is subtracted from the total carbon 
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footprint, the remaining carbon emissions need to be reduced or compensated to reach 

carbon neutrality. The carbon neutrality is discussed with the business park’s climate impacts 

calculated in chapter 7.1.  

 

Figure 26 presents the business park’s climate impact in different scenarios with 25 % of 

each building type. As the climate impact of the business park is minimized in scenario 3, 

also the amount of emissions that need to be reduced or compensated is the lowest. In 

scenario 3, the total carbon footprint is 56 000 tCO2eq and the carbon handprint is -10 000 

tCO2eq. To reach carbon neutrality in this context, 46 000 tCO2eq needs to be reduced or 

compensated. 

 

 

Figure 26. Business park’s climate impact in different scenarios.  

 

The carbon neutrality of the business park can also be estimated with the business park’s 

climate impact calculated with different shares of the buildings in scenario 3. Figure 27 

presents the business park’s climate impact for balanced, factory intensive and office 

intensive business park. As in figure 26, the situation resulting to the lowest carbon footprint 

results also to the lowest amount of emissions that need to be reduced or compensated. Office 
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intensive business park results to the lowest emissions, as the carbon footprint is 50 000 

tCO2eq. With 9 000 tCO2eq carbon handprint, the remaining emissions are as low as 41 000 

tCO2eq.  

 

 

Figure 27. Business park’s climate impact with different shares of building types in scenario 3.  

 

Carbon emission offsets can be purchased to achieve carbon neutrality, but in this case the 

actual emission reductions are dependent on the emission trading system’s reliability. 

Therefore, a more effective way to lower the carbon footprint is to reduce the emissions 

onsite before utilizing compensation mechanisms. (Timmerman et al. 2014a, 48.) Emissions 

can be offset onsite by increasing the carbon sinks in the area, for example by planting trees 

(The Finnish Climate Change Panel 2019, 9). According to Stora Enso, on average, one 

hectare of Finnish forest absorbs 4 700 kg of carbon dioxide per year (Stora Enso 2020). 

Nowak et al. (2013) have reached a similar conclusion in their study of trees’ carbon storage 

in United States, as based on their study one hectare of national forests absorb 3 060 kg of 

carbon dioxide per year. Trees’ ability to absorb carbon dioxide varies based on the size, 

health and growth rate. As forests mature, the absorption rates diminish. (Nowak et al. 2013, 

235.) For example, when there are 25 % of each building types in scenario 3, the annual 
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amount of remaining emissions would be 920 tCO2eq. Therefore, 200 – 300 hectares of 

forest would be needed to offset the annual emissions.  

 

Nowadays the European Union’s emission trading system has also opened for 

municipalities, companies, organizations and private citizens to purchase carbon offset 

allowances from. However, there is uncertainty with the allowances as there is a surplus of 

the allowances in the market, and from 2023 European Union may phase them out. (The 

Finnish Climate Change Panel 2019, 22.) Emissions can be compensated also by purchasing 

carbon offsets from the voluntary market. The most common standards used for voluntary 

compensation are Verified Carbon Standard, Gold Standard and Clean Development 

Mechanism. (Sitra 2020.) The compensation of 1 tCO2eq costs from 10 to 20 € (Green 

Building Council Finland 2019). Therefore, when there are 25 % of each building types in 

scenario 3, the compensation of the annual emissions would cost from 9 200 to 18 400 €. 

For the total 50-year period the cost of compensation would be 460 000 - 920 000 €.  

 

The carbon neutrality of the business park can also be discussed with the sensitivity analysis 

results. Figure 28 presents the business park’s climate impact with the sensitivity analysis 

results. When considering the amount of remaining emissions that needs to be reduced or 

compensated, 80 % self-consumption ratio leads to the lowest amount, as the remaining 

emissions are 43 000 tCO2eq. The remaining emissions are 45 000 tCO2eq with 90 % self-

consumption ratio and 46 000 tCO2eq with 100 % self-consumption ratio. Unlike in the 

previous cases, the 80 % self-consumption ratio leads also to the highest carbon footprint. 

With 80 % self-consumption ratio the overproduction of renewable energy leads to a 

significantly higher carbon handprint, which reduces the amount of business park’s 

remaining emissions to the lowest.  
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Figure 28. Business park’s climate impact with the sensitivity analysis results.  

 

Several Finnish regions, municipalities and cities that are striving for carbon neutrality 

intend to reach their target by compensating the remaining emissions. In most cases, the 

compensation methods have not been decided in detail. So far, only overproduction of 

renewable energy has been applied to compensation. (The Finnish Climate Change Panel 

2019, 14-15.)  
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8 DISCUSSION AND CONLUSION 

 

This chapter reflects the results of this study both on building and business park level. 

Possible need for further research is discussed and conclusions from the study are drawn. 

 

8.1 Discussion 

 

Building life cycle assessment was successfully used in this study to determine the energy 

supply scenario with the lowest climate impact. By minimizing energy-related emissions, 

material-related impacts play a major role in overall building emissions. Emissions related 

to materials also occur at an early stage in a building’s life cycle, highlighting the need of 

integrating building life cycle assessment into building designing. Based on sensitivity 

analysis, increasing the own solar production increased the buildings’ carbon handprint, but 

it also increased the building’s carbon footprint. When assessing the different energy 

scenarios, emissions decreased from the building’s use phase, but otherwise the emissions 

were very similar in all scenarios. Also, when examining the carbon emissions of the 

building profiles’ life cycle in more closely in scenario 3 (figure 18) the emissions were very 

similar between the different building profiles. This is because the structure for the different 

building profiles were created based on the same example building, which makes them very 

similar, as mainly the amounts of building materials differ. In reality, different types of 

buildings may differ more and as noted before, the structure may not be reasonable for all 

building type profiles because it is based on an industrial building. 

 

It must be noted that the created building profiles are very general, and the results give only 

an estimate of the possible climate impacts. If the calculation were made using information 

from real and existing buildings, the estimates would be more reliable. On the other hand, 

when emissions are assessed at an early stage and before construction, emission-relevant 

design decisions can be made. The already made decisions determine how efficiently 

resources can be used. For example, as the placement of the roads in the case business park 

had already been decided before considering own solar production, 3-4 percent of the 

maximum solar production was lost. The most uncertainty in the calculation is caused by the 

assumptions made in creating the building profiles and by the use of generic default values 
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from the calculation tool in the calculation, regarding for example the building technology 

and transportation distances. Even when the calculation tool is constantly updated, it may 

not contain the most recent data. Due to the many assumptions and uncertainties in this study, 

a comparison of the results with the results of other studies should be done critically.  

 

Röck et al. (2020) studied the global trends in office and residential buildings’ life cycle 

emissions based on released studies. Buildings were classified by construction practices to 

buildings built with existing standards, new standard and new advanced standards and the 

study results were normalized to correspond a 50-year life cycle. The average greenhouse 

gas emissions over office buildings’ life cycle was over 100 kgCO2eq./m2a when built with 

existing standard, 47 kgCO2eq./m2a when built with new standard and 25 kgCO2eq./m2a 

with new advanced building standard. The average greenhouse gas emissions over 

residential buildings’ life cycle was 38 kgCO2eq./m2a when built with existing standard, 32 

kgCO2eq./m2a when built with new standard and 27 kgCO2eq./m2a with new advanced 

building standard. Results were also compared to an existing Swiss SIA benchmark for 

building’s life cycle greenhouse gas emissions. Only a few of the studied cases was within 

the target of 11 kgCO2eq./m2a. (Röck et al. 2020, 3-8) 

 

The results of this study are considerably lower than in Röck’s study, even though the 

assessment period is the same. The results in scenario 3 are the closest to the presented 

benchmark, but as this assessment is a rough estimate, the values may not be comparable. 

However, Röck et al. (2020, 3-10) noticed that due to new energy performance standards 

and renewable energy, the relation of material-related to energy-related impacts has 

increased to 1:1 when in the past it has been approximately 1:10. Similar results are obtained 

in this study as well, but as the energy is assumed to be renewable, materials have even 

higher impact compared to the energy-related impact. The Finnish goal is to control the 

carbon footprint of a building’s life cycle by year 2025 (Ministry of the Environment 2020). 

In addition to the criteria for low-carbon construction, there could be a target value for 

different types of buildings’ carbon footprint. With a set target value, the building could be 

designed from the beginning to meet the target value by applying life cycle assessment.  
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When the business park’s climate impact was estimated with the results of the building life 

cycle assessment, it was noticed that as with individual buildings, scenario 3 resulted into 

the lowest climate impact. In reality, the business park’s total emissions would be higher if 

also other aspects such as traffic and other infrastructure would be considered. As mentioned, 

sustainable construction aims to implementing environmental, economic and social aspects 

in construction and buildings (Rakennusteollisuus 2020b). This study considered only the 

environmental aspect. However, Niemelä (2018) studied different building types most cost-

optimal renovation methods with multi-object optimization. As a result, a heat pump was the 

most cost-effective heating solution for all studied building types. (Niemelä 2018, 136-138.) 

Therefore, in addition to achieving the lowest climate impacts, utilizing heat pumps can also 

be cost-effective. The carbon neutrality of the business park was estimated from the 

viewpoint of the business park’s buildings, and in all cases, there were remaining emissions 

which would be needed to reduce or offset to reach carbon neutrality.  

 

The calculation of the emissions differs on the building level and regional level, as mostly 

calculations on a regional level do not consider building’s emissions as detailed as in 

building life cycle assessment. This is reasonable as it would be laborious to determine every 

building’s life cycle emissions within a certain area. However, although emissions from 

buildings are not considered as detailed at regional level, it does not mean that they would 

not occur and need to be minimized. As mentioned earlier in this study, the meaning of 

carbon neutrality should be defined in the context as it is used differently by different parties 

(The Finnish Climate Change Panel 2019, 7-8 & 12). By determining, what the carbon 

neutrality for the case business park means and what is the boundary for the emission 

calculation, a more accurate calculation could be made. Also, with determined boundaries 

the design decisions would be more justified, as for example with the optimization of solar 

production. If the scope for carbon neutrality considers only energy consumption in the area, 

it is more acceptable to increase the solar production whereas if also the building materials 

are considered, the increase in solar production increases also the buildings’ carbon 

footprint. 

 

To further minimize emissions from buildings and the business park, building materials 

would require more research. Also, further research about optimizing a building’s solar 



87 

 

production and the emissions related to the solar system could be done, as based on a 

building level perspective the total emissions increase when the production increases, but on 

a regional level the overproduction is more acceptable because in overall emissions it leads 

to lower remaining emissions. As there are many options to either reduce the emissions 

within the business park or to compensate the remaining emissions, a further study could 

investigate, what is the most feasible solution, to add carbon sinks to the area or to buy 

carbon offsets either from statutory or voluntary market. The solution could also be a mix of 

both. 

 

8.2 Conclusion 

 

In the light of this study, the utilization of the ground source heat pumps in scenario 3 

minimizes the climate impact of all studied building types. The whole business park’s 

climate impact is also minimized in scenario 3. To further reduce the business park’s climate 

impact, the building materials should be considered, as they cause 50-60% of the buildings’ 

life cycle emissions. The business park’s climate impact varies also with different 

proportions of different building types. For a business park to achieve carbon neutrality from 

the buildings’ perspective, emissions from buildings should be reduced or compensated. 
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9 SUMMARY 

 

The aim of this study was to minimize the climate impact of a business park by applying 

building life cycle assessment. By applying the building life cycle assessment, different 

energy supply scenarios were compared and the scenario with the lowest climate impact was 

identified. To conduct the life cycle assessment, four different building profiles were created. 

The scenarios compared the impact of district heating, air-source heat pump and ground 

source heat pump on a building’s climate impact. In the light of this life cycle assessment, 

the utilization of the ground source heat pumps minimized the climate impact for all four 

building profiles. Also, the business park’s climate impact was minimized by utilizing 

ground source heat pumps. 

 

A large portion of Finland’s greenhouse gas emissions are related to buildings and 

construction. When utilizing renewable energy, the building related impacts can be 

decreased. In this case the climate impact is mostly caused by building materials. The 

business park’s climate impact varies with different proportions of different building types. 

For a business park to achieve carbon neutrality from the buildings’ perspective, emissions 

from buildings should be reduced or compensated. The boundary for the case business park’s 

carbon neutrality should be determined in order to make more accurate calculations and 

justify the design decisions. 

 

The calculations in this study present a rough estimate that could be refined in the future as 

the case business park’s planning progresses. However, doing the life cycle assessment at an 

early stage of planning is also beneficial, because at the design stage of a building, many 

things can still be affected, for example the building materials. Based on this study, there 

would be a need for a few additional studies. These could consider for example the relation 

of solar production and building’s emissions and how to reduce or compensate the remaining 

emissions in the business park in a feasible way.  
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APPENDIX 1 

 

Building materials used in the study 

 

 
 

 
 

(One Click LCA 2015) 

STEEL FRAME AND MATERIALS (FACTORY)

Foundations and substructure

Steel core piling foundation for soft soils, 30 m (100 ft) depth, per GFA, Diameter: ø130 mm (5 1/8’’), core pile length/depth to bedrock: 30 m

Plinth and footing foundation, with reinforced concrete piling 20 m depth, per gross area (piling deleted and replaced with steel core piling foundation for soft soils, 30m)

Vertical structures and facade

Sandwich panel, steel and mineral wool, U = 0.17 W/(m2K), 230 mm, 28.9 kg/m2, SPA230E, SPA230E Energy (Ruukki)

Structural hollow steel sections (HSS), cold rolled, generic, 10 % recycled content, circular, square and rectangular profiles

Precast concrete rectangular columns, avg. dimentions: 7.52 x 0.537x0.494 m, TB-Suorakaidepilari 537*494, 280*280, 380*380, 480*480, 580*580 (Parma)

Plasterboard, filled, sanded and painted

Horizontal structures: beams, floors and roofs

Concrete ground floor slab, for apartment building, EPS, U = 0.16 W/m2K (Määräystaso)

Wooden frame roof assembly, U-value 0.13 W/m2K, TEK17, 375 mm

Other structures and materials

Air raid shelter, estimated per net area

Window, triple glazed, wood-alu frame, U-value 1 (Eskopuu Pro)

Interior door

External wood door

Building technology

Electricity distribution system, cabling and central, for all building types

Sprinkler system, room area m2

Heat distribution system

Ventilation system for educational or commercial building, per m2 GFA

Drinking water supply piping network, per m2 GIFA (factories and logistics buildings)

Sewage water drainage piping network, per m2 GIFA (factories and logistics buildings)

Solar panel photovoltaic system, Finland average

Electric heat pump (air-water), 10 kW (scenario 2)

Electric heat pump (brine-water, geothermal probe), 10 kW (scenario 3)

CONCRETE FRAME AND MATERIALS (WAREHOUSE, OFFICE, RETAIL)

Foundations and substructure

Steel core piling foundation for soft soils, 30 m (100 ft) depth, per GFA, Diameter: ø130 mm (5 1/8’’), core pile length/depth to bedrock: 30 m

Plinth and footing foundation, with reinforced concrete piling 20 m depth, per gross area (piling deleted and replaced with steel core piling foundation for soft soils, 30m)

Vertical structures and facade

Sandwich panel, steel and mineral wool, U = 0.17 W/(m2K), 230 mm, 28.9 kg/m2, SPA230E, SPA230E Energy (Ruukki)

Precast concrete rectangular columns, avg. dimentions: 7.52 x 0.537x0.494 m, TB-Suorakaidepilari 537*494, 280*280, 380*380, 480*480, 580*580 (Parma)

Plasterboard, filled, sanded and painted

Horizontal structures: beams, floors and roofs

Concrete ground floor slab, for apartment building, EPS, U = 0.16 W/m2K (Määräystaso)

Wooden frame roof assembly, U-value 0.13 W/m2K, TEK17, 375 mm

Floor slab, timber joists, P2 R60 (3…8 krs.) (Apartment/office  building) (office building profile only)

Other structures and materials

Air raid shelter, estimated per net area

Window, triple glazed, wood-alu frame, U-value 1 (Eskopuu Pro)

Interior door

External wood door

Precast concrete part, staircase, 1,1 m wide, 9 steps each 16 cm, 1965 kg/unit (office building profile only)

Building technology

Electricity distribution system, cabling and central, for all building types

Sprinkler system, room area m2

Heat distribution system

Ventilation system for educational or commercial building, per m2 GFA

Drinking water supply piping network, per m2 GIFA (office buildings)/Drinking water supply piping network, per m2 GIFA (factories and logistics buildings)

Sewage water drainage piping network, per m2 GIFA (office buildings)/Sewage water drainage piping network, per m2 GIFA (factories and logistics buildings)

Solar panel photovoltaic system, Finland average

Electric heat pump (air-water), 10 kW (scenario 2)

Electric heat pump (brine-water, geothermal probe), 10 kW (scenario 3)

Elevator, 630 kg capacity, for passenger use, Monospace 500 (KONE) (Office building profile only)

Concrete assembly for stairs and elevator shafts per one metre height (Office building profile only)


