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Abstract 

The aim of the thesis was to perform a feasibility study on whether quantity, cost and 

carbon footprint estimation could be performed simultaneously to possibly start 

developing a new software for that purpose. This was to address the legislative 

changes happening in Finland that obligate new building permit applicants to submit 

a climate declaration that assesses the environmental impacts of the project along 

with the building permit application. 

The study consisted of a thorough overview of the legislation and relevant decrees, as 

well as contemporary tools already available for carbon assessment and in the market 

by different public and private vendors. Once the framework and processes were 

clarified, a prototype tool was developed to establish whether the information required 

by the climate declaration could be added to existing quantity and cost estimation 

processes. The tested tools and prototype were assessed to find out their strengths 

and weaknesses.  

In the end, it is safe to say that performing carbon assessment simultaneously with 

quantity and cost estimation could be potentially feasible in some projects and delivery 

methods where the planning and cost estimation is done to a relatively accurate 

degree before the building permit application. The manufacturing and updating of the 

carbon assessment would be more organised, reliable, and faster. Issues that affect 

the proposed method of simultaneous estimation, such as low level of detail and poor 

planning, are issues that affect other carbon assessment methods as well. 
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1. Introduction 

1.1 Background and Rationale 

The Government of Finland has decreed that Finland should be carbon neutral in 

2035. This requires a reduction of 5.3 megatons of emissions by 2030 and an 

additional 2 megatons of emissions by 2035. To achieve these results, Finland needs 

emission reductions in agriculture, industry, traffic, construction, and other sources. 

(Finnish Government, 2021) Out of all the greenhouse gases in Finland, the 

construction and operation of buildings generates around 30%. (Kangas, 2019). For 

construction emissions, the material choices during design phase can affect these 

emissions in the magnitude of 30%-80% (Ministry of the Environment, 2019b). 

Currently, there is no legislation concerning the carbon footprint of construction 

projects or its estimation in Finland. Most sustainability analyses are done voluntarily 

using tools available in the market, such as LEED or BREEAM. To address this, the 

Government of Finland, and the Ministry of the Environment (FI: Ympäristöministeriö) 

established a roadmap in 2017 to steer the construction industry into low-carbon mode 

of business operation as part of a larger legislative update concerning construction 

law that comes into force in 2025. (Ministry of the Environment, 2021).  

According to this roadmap to achieve low-carbon construction the Ministry of the 

Environment will start to regulate the carbon footprint of construction projects by 

requiring a “climate declaration” to be submitted along with a building permit 

application by 2025. This climate declaration will contain a full assessment of the 

climate impacts of the building and its operation, including a carbon footprint estimate. 

(Kuittinen, 2021). In addition to a carbon footprint, a carbon handprint must also be 

calculated. A carbon footprint details the emissions released by the construction and 

the operation of the building, while a carbon handprint details the net positive effects 

on the environment by means of carbon capturing. The positive effects on the 

environment can be accrued by using recycled or reused materials, use of renewable 

energy, and carbon capture caused by carbonisation of concrete. These emission 

reductions considered in the handprint estimate are analysed and presented 

separately from the footprint in the climate declaration and are not deducted from the 

footprint estimate at any point. (Ministry of the Environment, 2021) 
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The Ministry of the Environment has developed its own method for calculating the 

carbon footprint and handprint of a building for the entirety of its life cycle, starting from 

manufacturing and transportation of materials to construction, operation, 

maintenance, and demolition of the building (Ministry of the Environment, 2019b). This 

method is based on the Level(s)-framework for sustainable buildings developed by the 

European Commission, which aims to harmonise sustainability analyses on the 

European level (European Commission, 2022a). The method for carbon assessment 

was developed in cooperation with the Swedish government to ensure the 

harmonisation of assessment methods nationally, but also in the larger framework of 

Nordic cooperation (Finnish Government, 2021b). The method is detailed in the 

decree of the Ministry of the Environment which was under evaluation during the 

writing of this thesis, with the newest version of the decree published in September 

2022 (Ministry of the Environment, 2022b). 

In addition to the assessment method, data is required. To assist in the estimation of 

the carbon footprint of a project the Ministry of the Environment has developed in 

collaboration with their Swedish counterparts a database of the most common building 

materials and their emissions, www.co2data.fi. The information for the database was 

collected through collaboration with product manufacturers, research organisations 

and consultants. The co2data.fi database is updated regularly. (Finnish Government, 

2021b). 

The aim of this thesis was to find out whether the carbon footprint assessment method 

could be feasibly integrated into the existing quantity and cost estimation processes 

of a construction project in the Finnish environment. The objective and research 

questions are discussed in more detail in the following chapter 1.2. and the processes 

of cost and quantity estimation later in chapter 4.2. 

1.2 Objective and Research Questions 

This Master’s Thesis was commissioned by the software company Tocoman Oy. The 

company supplies its clients with various tools suitable for construction projects. Tools 

include software for quantity take-off and cost estimation, scheduling and building 

information modelling use. Tocoman Oy is a subsidiary of Admicom Oy which also 

provides its clients with software for managing the economics of construction, such as 

invoicing, payrolls, and cost control management tools. (Admicom Oy, 2022) 
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The client base of Tocoman Oy has expressed desire to be able to perform quantity 

and cost analyses simultaneously with carbon footprint estimation. The feasibility of 

performing such simultaneous quantity take-off, cost estimation and CO2 footprint 

estimation is what this study assessed. 

Research questions that the thesis addressed were as follows: 

Is it feasible to perform carbon footprint estimation simultaneously with quantity 

and cost estimation? 

Issues that may affect the feasibility and that will be considered in detail in the study 

include: The timing of the analysis in relation to building permit applications, project 

scale and level of detail of the planning when performing quantity and cost estimation, 

especially when considering alternative design choices. Legislative and 

methodological issues may also arise in terms of presentation of the estimation. 

How could Building Element-Activity-Resource -based estimation recipes be 

enhanced to withhold carbon emission data as well? 

The recipes mentioned are pre-made, but modifiable estimation templates that usually 

cover a single building element. More on them in chapter 4.2. Things to be considered 

include whether to provide estimators with a pre-made library of recipes or let them 

develop their own libraries and to which level of the recipes the emissions data should 

be tied to: Elements, activities, or resources? Sources and utilisation of the sources of 

emission data is also an important topic to consider. 

How does the presented method of CO2 footprint estimation compare to other 

methods? 

The comparison will be made considering aspects such as useability, speed, 

accuracy, and reliability.  

2. Methodology 

First, a thorough literature review of the current situation in terms of legislation and 

regulation was performed. The aim of the legislature and regulation review was to 

clearly establish the goals and requirements of the Government of Finland and the 

Ministry of the Environment for the estimation of carbon footprint. Necessary 

interviews with the ministry officials and clients were also planned to be performed at 
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this stage, although they were only used for clarification purposes as nearly all 

necessary information was ultimately obtained through legislation and decrees. 

Second, a review of the tools currently available was performed. There are many tools 

for sustainability analyses on the market, but this study focused on the database 

provided by the ministry of the Environment, www.co2data.fi, along with an Excel-

based tool built upon that database, and a private software solution OneClickLCA. The 

Level(s) framework by the European Commission was also looked at, along with “a 

material list tool” associated with the framework. A small model of a single-family 

house was used as a case example, with the quantities and works estimated using the 

Tocoman Estimation software. The process of quantity and cost estimation is also 

discussed before going into the analysis of the tools. 

Once the literature review was finalised and the goals and constraints for carbon 

footprint estimation are established, a prototype version that could work for the 

Tocoman Estimation software was made using Excel.  

Finally, the prototype was benchmarked against the other tools available in terms of 

useability, speed, accuracy, and reliability using the experience gained during the 

testing phase. 

2.1. Limitations of Study 

The research did not develop a working tool but was done to determine if the 

development of such a tool is at all feasible or whether another way of CO2 footprint 

estimation is more viable. As the carbon handprint of the project is not technically 

connected to the footprint estimate nor is it deductible from the footprint estimate, the 

handprint calculation was at left out of the scope of this research study. It is 

nevertheless discussed in various part of the study as the topics go hand in hand 

throughout the climate declaration process and the presentation of both results is 

similar. A similar study ought to be performed on the carbon handprint estimate to 

establish whether the same results could apply as to the footprint estimation. 

  

http://www.co2data.fi/
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3. Background 

3.1. Construction Law 2025 and Relevant Decrees 

This chapter discusses the legislation and decrees relevant to the study. There are 

currently two draft decrees by the Ministry of the Environment specific to the climate 

declaration required for the building permit, as well as one planned but not yet 

published decree by the Council of State (FI: Valtioneuvosto). The decrees are both 

part of a larger legislative update of the construction law in Finland, which covers many 

aspects of the industry, such as land use laws, regulation, digitalisation, and 

environmental concerns. (Finnish Government, 2021b).  

3.1.1. Construction law of 2025 

These decrees are a direct consequence of the revision of the construction law by the 

government of Finland. The previous construction law dates to year 1999. Although 

the construction law of 1999 had received multiple updates and revisions throughout 

the years the law had become relatively complex. Moreover, integrating the provisions 

of the law to regulations and directives coming from the European Union concerning 

energy efficiency, climate change and product suitability was deemed to require new, 

streamlined, legislation.  

The new construction law also withholds provisions about the digitalisation of the 

construction industry. A building information model (BIM) will be required as part of the 

building permit application. (Finnish Government, 2022) The models will be used to 

create a nation-wide digital system of the built environment, which will contain 

information on the building stock of the nation and zoning. The system is currently 

under development, and it should be ready for use by 2024 when the onboarding 

begins. The onboarding process will take the rest of the decade. This development of 

the national building stock system is done under the RYHTI-project. (Ministry of the 

Environment, 2022c). The requirements for the building information models that are to 

be delivered to Building Control for the permit application are under development, with 

the focus being in updating the Common BIM Requirements 2012 (COBIM2012) 

documentation into COBIM2020. This documentation details the objects that need to 

be modelled by the various designers that are taking part in the project at hand. (KIRA-

Innohub Ry, 2021). According to the new construction law the model must contain at 

minimum information on the location of the real estate and its dimensions. The rest 
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will be settled with a decree by the Ministry of the Environment later. (Finnish 

Government, 2022). 

The latest version of the law was given by the government of Finland to the parliament 

to be discussed on 15.09.2022 and was passed during the writing of this thesis on 

24.2.2023. The proposed law underwent multiple reviews and analyses, including 

statements from the various committees such as the committees of the environmental, 

economic, and constitutional affairs as well as private stakeholders. The law will come 

to force on 1.1.2025. The provisions of the law and related draft decrees relevant to 

this study along with their relations are shown below in Figure 1. (Council of State, 

2023) 

 

 

Figure 1. A map of the provisions of the construction law and the decrees related to the climate declaration. 1 

The decrees shown above in Figure 1. are discussed in the following chapters 3.1.2., 

3.1.3. and 3.1.4. The scope of their applicability will be discussed in chapter 3.2. 

3.1.2. Decree on Climate Declaration 

The first of the two published drafted decrees is the Decree on the Climate Declaration 

of a Building by the Ministry of the Environment (FI: Ympäristöministeriön asetus 

rakennuksen ilmastoselvityksestä). This decree details the method and information 

 
1 (Kuittinen, 2022) 
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sources to be used in the assessment of the effects on the climate by the construction 

project for a life span of 50 years. (Ministry of the Environment, 2022b) The decree 

states that the party responsible for the climate declaration are the designers, be they 

lead architectural designers, structural designers, or special designers (i.e., HVAC, 

MEP, Fire) and that the climate declaration must be submitted to the Building Control 

officials (FI: Rakennusvalvonta) before the building permit application. Furthermore, 

when changes happen to material choices between the building permit application 

phase and operational phase, the climate declaration must be resubmitted. The 

manager on the site is responsible for keeping tabs on changes to materials between 

design and handover so that the climate declaration can be redone after construction. 

All data must be either in a building information model (BIM) or in other “machine 

readable” format. (Kuittinen, 2021) 

3.1.3. Decree on Material List 

The second decree, “The Decree on the Material List of the Building” or in Finnish 

“Ympäristöministeriön asetus rakennuksen materiaaliselosteesta”, details that the 

designers of the building must produce and save a list of materials of the project to 

assist in the production of the climate declaration. The material list must contain a list 

of building elements, a list of building materials contained in the elements, and a list 

of materials by origin, i.e., whether the materials are new, recycled, reused renewable 

or non-renewable or hazardous. (Ministry of the Environment, 2022a) 

3.1.4. Decree on Thresholds 

The final decree, planned by the Council of the State later in the future, will establish 

thresholds for the results of the climate declaration and the carbon emissions within 

the climate declaration (Finnish Government, 2022). Possible target values are 

discussed later in chapter 3.9. 

In other Nordic countries, similar legislation has been implemented or is in the process 

of being developed. Sweden has required a climate declaration since 2022 with 

thresholds coming to force in 2027. Norway has made carbon footprint calculation 

mandatory for all construction in 2022 while it has been mandatory in public projects 

for even longer. Denmark will implement thresholds in 2023, while Iceland and Finland 

are still in the process of legislative updates. (Koskela, 2022). 
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3.2. Scope of Legislation 

In the previous chapters the legislative framework was discussed. This chapter details 

the building types that are affected by the new legislation and will be required to submit 

a climate declaration along with a building permit application.  

According to the Ministry of the Environment and the memorandum concerning the 

climate declaration, the declaration should be made for buildings that require an 

energy declaration according to the Ministry’s older decree 1010/2017 “Decree on the 

energy efficiency of a building” (Kuittinen, 2021). The covered buildings range from 

small residential buildings to offices, public and healthcare buildings. Excluded are 

buildings such as those less than 50 m2 in area, bomb shelters, and religious buildings. 

The full list of inclusions and exclusions is shown below in Table 1. (Kuittinen, 2021). 

Table 1. The building types requiring a climate declaration are shown on the left in the green field.2 

 

 
2 (Kuittinen, 2021) 

Climate declaration required for building 

permit

Climate declaration not required for building 

permit

110 Small houses Temporary buildings

111 Semi-detached houses Buildings less than 50 m2 

112 Row houses Protected buildings (heritage)

12 Apartment buildings

211 Summer homes (not usable the whole 

year)

3 Business premises

512 Professional machinery maintenance 

buildings

4 Office buildings 514 Vehicle shelters

5 Traffic buildings (excluding weather shelters 

and maintenance buildings)

52 Information and communication technology 

buildings

6 Healthcare buildings 73 Religious buildings

7 Buildings for events / gatherings 9 Industry and mining

8 Educational buildings 10 Energy related buildings

12 Warehouses (Excluding unheated) 11 Infrastructure buildings

13 Emergency response buildings 1210 Unheated warehouses

Large-scale renovations with energy efficiency 

improvements required by law

1215 Rudimentary warehouse shelters

1311 Bomb shelters

14 Agricultural buildings and animal shelters

19 Other buildings

Separate construct not connected to buildings
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The numbers in front of the buildings correspond to the use class types of the 

buildings. Currently, there are 15 types of use classes with various sub-classes. The 

use classes are provided by Statistics Finland, which operates under the Ministry of 

Finance. (Mäkelä, 2018). 

In the following chapter 3.3., the Level(s) framework upon which the methods 

portrayed in the decrees of the Ministry of the Environment are based upon is 

discussed before going deeper into the specifics of the decrees. 

3.3. Level(s) Framework for Sustainable Buildings 

As stated in the introductory chapter 1.1. of this thesis, the climate declaration 

assessment method developed by the Ministry of the Environment is based on the 

Level(s) system developed by the European Commission (Ministry of the Environment, 

2019b). This chapter briefly goes over the characteristics of the framework, while 

chapter 4.5 discusses a tool provided by the European Commission. 

Level(s) is a framework for the assessment and monitoring of sustainability 

performance of buildings. It is a free-to-use, open-source tool that helps measure the 

impacts of construction and building use and disposal. It considers the carbon footprint 

of construction materials and building operation, while also considering the wider 

scope of water use, healthy and comfortable building environment, and climate change 

impacts. (Publications Office of the European Union, 2022) 

The Level(s) framework is not a certification scheme like LEED or BREEAM, but it 

does tie into them to give a common language between certification schemes and 

bring greater consistency between the schemes. These schemes are already aligning 

themselves with the indicators and methods of the Level(s) framework. (Publications 

Office of the European Union, 2022) 

The Level(s) framework consists of six macro-objectives with sixteen indicators 

divided between them. These indicators guide the design and construction of buildings 

and are shown on the following page in Figure 2.  
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Figure 2. The six macro-objectives of the Level(s) framework and their indicators.3 

The macro-objectives most relevant to this research are objectives 1 and 2, and thus 

are discussed in more detail. According to the guidelines on Level(s), the indicators 

shown in Figure 2 can be applied in any stage of the project, be it during the early 

conceptual design where the Level(s) framework can be used to set objectives, or 

during the detailed design and construction phase where the designs can be 

quantitatively assessed. Level(s) can also be used during building operation, where 

the energy use and performance of the building can be monitored to generate data. 

This data can be used to improve future projects and their design. (European 

Commission c, 2022c) 

As previously stated, for the scope of this research the design phase, and macro-

objectives one and two are most relevant and are discussed briefly below: 

The first macro-objective, 1. Greenhouse gas emissions along a building life cycle, 

is aimed at reducing the whole life carbon output of the building. This macro-objective 

is divided into two indicators. The first indicator estimates the use stage energy 

performance in kilowatt hours per square meters annually (kWh/m2/year). The second 

indicator estimates the Global Warming Potential (GWP) in CO2 equivalent per square 

meter annually (kgCO2e/m2/year).  

The second macro-objective is 2. Resource efficient and circular material life 

cycles. The aim of this macro-objective is to reduce the material use to minimise the 

 
3 (European Commission, 2022a) 
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carbon footprint. This is done by optimising materials used during construction by 

producing an accurate bill of quantities (indicator 2.1) and minimising both construction 

and demolition waste (indicator 2.2) by considering the life cycles of individual building 

elements and their replacement cycles, along with the ease of replacement and 

deconstruction (indicators 2.3 and 2.4). (European Commission, 2022a) 

The generation of a bill of quantities in indicator 2.1 helps in assessing the other 

indicators as well, especially the life cycle global warming potential (Indicator 1.2), 

construction and demolition waste and materials (indicator 2.2) and life cycle cost 

analysis (indicator 6.1). The bill of quantities allows for easier cost estimation, 

assignment of life cycles to individual materials and enables the production of a Bill of 

Materials compatible with reporting requirements on construction and demolition 

waste. (European Commission, 2022b) 

To help produce a bill of quantities, the European commission has created an Excel-

based tool for designers, engineers, and other professionals. This tool is discussed 

later in this thesis in chapter 4.5. The tool does not calculate the carbon footprint of 

the materials but enables the user to find out which portion of the building is of which 

material and how much of that material is coming from sustainable sources. It also has 

functions to allow for the cost estimation of the materials. (European Commission c, 

2022c)  

3.4. Construction Project Phasing 

In the previous chapters the legislative framework was discussed in terms of climate 

declaration. This chapter describes the phases of a construction project according to 

the guidelines given by the construction industry consortium RTS (FI: 

Rakennustietosäätiö) to establish how the level of detail of designs changes 

throughout the project. The designs such as floor plans are to be used for both the 

quantity and cost estimation processes as well as in the climate declaration process 

and thus the level of detail of the plans may influence the feasibility of these processes 

and the reliability of the end results. The project phases are also affected by chosen 

project deliver method, as discussed in chapter 3.4.3. 

According to the guidelines by RTS, there are seven phases in a construction project 

of a building. These phases are shown in Figure 3. The building permit is obtained 



12 
 

 

during the general planning and implementation planning phases and is highlighted in 

the Figure 3. (Rakennustieto Oy, 2016) 

 

Figure 3. The phases of a building construction project according to RT 10-11224 guideline. The building permit 

is obtained between the transition from general planning to implementation planning phase.4 

3.4.1. Influence on Level of Detail of Plans 

The project phases are also described in the previously mentioned building information 

modelling guidelines, Common BIM Requirements (COBIM2012, FI: YTV2012). 

These guidelines set the level of detail recommended for the plans and building 

information models in each planning phase. In the scope of this study, the level of 

detail of the general planning phase was important to know to assess whether the 

quantity and cost estimation process described later in this thesis can be used 

properly. There are three levels of detail (LOD) in COBIM2012, listed below. These 

levels are generalised for the whole building and there exists additional specific 

instructions for each building part in COBIM2012. (Rakennustieto Oy, 2012) 

Level 1: Used for collaboration between designers. Model contains information 

regarding location and geometry,  with building parts named descriptively.  

Level 2: Use cases include preliminary energy analyses, building element-based 

quantity take-off. Location and geometry modelled according to relevant 

specifications, building parts named correctly and modelled in such a way that 

quantities and units can be extracted from the model. 

Level 3: Used for scheduling and procurement. In addition to the information 

mentioned in the previous levels, the modelled elements must contain information 

relevant to procurement such as specifications for windows and doors in terms of noise 

cancellation or fire safety. (Rakennustieto Oy, 2012) 

COBIM2012 states that during the general planning phase the level of detail is one, 

with exceptions to some building parts where the level is two. The “building component 

model”, i.e., the model that contains building parts is in this phase still less accurate 

 
4 (Rakennustieto Oy, 2016) 
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than in the upcoming implementation phase. In this phase, for example, the walls and 

slabs must be separable with different objects representing exterior and interior and 

load-bearing and non-load-bearing walls. Windows and doors must specify their basic 

qualities such as fireproofing and mechanisms, with the omission of specific types. 

Surfaces can be omitted from spatial information. Even in the later implementation 

planning phase where accuracy increased, the level of detail is still usually one or two, 

as the third level where specific products are chosen can be difficult to attain with the 

tendering and procurement still unfinished. (Rakennustieto Oy, 2012) 

3.4.2. Influence on Cost Estimation 

Cost estimation is performed in all phases of the project with the accuracy increasing 

gradually as the designs become more accurate. In the early phases of the project the 

costs are estimated by benchmarking the costs to other similar projects. This can be 

performed by the developer or client of the soon-to-be-chosen general contractor, for 

example. Later, costs can be estimated by space allocation plans and using 

benchmarked costs assigned to each space. Only starting from the general planning 

phase are building elements considered and only during implementation planning can 

those building elements be considered in relation to the costs of the different methods 

of construction. (Rakennustieto Oy, 2016). According to Mr. Jiri Hietanen, a BIM expert 

whose views will be discussed later in chapter 4.8, this is the phase where an 

experienced builder can do their best to find the most suitable production methods to 

the designs and save some costs (Hietanen, 2022). The guidelines by RTS state that 

even in this late phase the changes can extend to the type of frame used, i.e., whether 

the frame is cast-in-place or assembled from elements. Another example given is the 

decision to either do the painting with a roller or by spraying the paint. Procurement 

and chosen sub-contractors can also influence the final method used in the project. 

The cost estimate of the general planning phase is converted into a budget and the 

quantities are converted into suitable procurement units to help the site manager 

manage and oversee the cost accumulation. Once the project is completed, the costs 

accumulated are compared to the costs estimated and lessons learned taken forward 

to the next project. (Rakennustieto Oy, 2016) 
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3.4.3. Influence of Delivery Methods 

There are various delivery methods of construction projects that influence the level of 

detail of plans but also the responsibilities of different stakeholders in the project. In 

addition, the onboarding time of stakeholders performing the different methods of cost 

estimation differs between delivery methods. The phases at which the stakeholders 

enter the project also differ from one delivery method to another. The party responsible 

for starting the project, the “client”, has the most influence on the project when they 

themselves are responsible for all designs after which they tender the entire building 

to a general contractor who builds according to plan. This is called a design-bid-build 

method. When the client lets the general contractor do most of the planning according 

to the goals and objectives stated by the client, the method is called design-build. 

There are also delivery methods like the project management method and 

collaborative method where the responsibilities and power over the project is shared 

differently. The differences are shown in Table 2 on the following page. (Rakennustieto 

Oy, 2016). 

The onboarding time of the party doing the element-activity-resource based cost 

estimation described later in chapter 4.2., usually the general contractor, varies 

between the different delivery methods (Rakennustieto Oy, 2016). The lack of need 

for a certain level of accuracy in the cost estimation before a contractor responsible 

for the actual construction is chosen may affect the cost estimate and thus the 

feasibility of a simultaneous cost and carbon estimate, or at least its reliability. 
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Table 2. Different project delivery methods and their influence on the design responsibilities and level of design 
when making the general contract.5 

 

As can be seen from Table 2 column “more information”, the delivery methods 

influence the level of detail of plans during contract negotiations and thus may 

 
5 (Rakennustieto Oy, 2016) 

Delivery method

Plans included in the contract 

between client and general 

contractor

Responsibility for 

planning

Chooses the 

sub-

contractors More information

Design and 

build methods
Design and build

Project plan or alternative 

project designs

General contractor 

(GC)

General 

contractor (GC)

The GC is given a level of quality and 

some specifications as to the use and 

requirements of the building, but the GC 

handles the design according to a style 

that fits their production methods. 

Design and 

build methods

Technical solutions 

contract

Alternative project designs or 

general plans

Responsibility shifted 

to the party in charge 

of the design and 

installation.

General 

contractor (GC)

A piece of a larger project is given to a 

contractor to both design and build. The 

GC  could handle the majority of 

construction, but sub-contract the 

design of MEP systems and their 

installation to a more specialised party.

Design and 

build methods
All-in-Contract

General or implementation 

plans
Client

General 

contractor (GC)

The client has the responsibility over 

the designs that the GC implements. The 

client only has a contract with a GC who 

handles the rest of the contracts and sub-

contracts on the site.

Design-bid-

build methods
Split contract

General or implementation 

plans
Client

General 

contractor (GC)

The client has the responsibility over 

the designs but makes separate 

contracts with specialised contractors, 

for example with a GC and MEP 

contractos.

Project 

management 

methods

Project management 

contract
Project-specific decision Client or shifted to GC Client

Design contracts can be handled either 

by client or GC. Procurement contracts, 

implementation planning and steering 

of designs are handled by GC. There can 

be project specific variance in these 

responsibilities and tasks.

Project 

management 

methods

Project management as 

a service

Project plan or alternative 

project designs
Client Client

A consultant is hired as the "GC" and 

they handle all the tendering and 

procurement. The contracts on the site 

are made with the client as the other 

party, not the consultant.

Project 

management 

methods

Project manager as a 

developer 

General or implementation 

plans
Client Client

A larger project is completed in parts 

consisting of separate contracts and sub-

projects. The responsibilities of a GC are 

shared between individual contracts and 

contractors.

Collaborative 

models
Partnership contract Project-specific decision Shared responsibility

Decided 

together

No standardised method has yet been 

established. The responsibilities, gains 

and losses are shared between parties 

to encourage collaboration. 

Collaborative 

models
Alliance model Project plan Shared responsibility

Decided 

together

Responsibilities, tasks, losses and gains 

are spread evenly to all stakeholders. 

Many contractors are onboarded earlier 

than in other delivery methods. Suitable 

for massive projects and projects with 

an abundance of risk to be shared.

Lifespan model
Public-Private-

Partnership
Alternative project designs

General contractor 

(GC)

General 

contractor (GC)

Usually a contract between a public 

client and a private contractor. There are 

two contracts between the same 

parties: One for the construction and 

one for the services provided after 

construction such as maintenance and 

hospitality services. Length of the latter 

contract can be decades.
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influence the feasibility of the simultaneous quantity, cost and carbon footprint 

estimation process investigated by this study (Rakennustieto Oy, 2016). 

3.5. Climate Declaration 

This chapter discusses the climate declaration that is to be delivered to the Finnish 

Building Control along with the building permit: the formulas for estimating the carbon 

footprint in chapter 3.5.1., as well as the presentation of the material list in chapter 

3.5.2. and the presentation of the climate declaration in 3.5.3. Finally, in chapter 3.5.4., 

the thesis discusses the parameters that must be fulfilled to ensure that the climate 

declaration can be considered reliable.  

3.5.1. Formula for Climate Declaration and Phases of Building Life Cycle 

According to the decree drafts published by the Ministry of the Environment to support 

the new construction legislature, the climate effects of a building’s life cycle must be 

calculated using the following formula below. The formula covers all relevant phases 

of the building life cycle. Some phases or sources of emissions are intentionally left 

out while others are included. The reasoning for these inclusions and exclusions is 

given in Table 3 that also details the phases of construction and the life cycle of the 

building while splitting these phases into even smaller modules than in the formula 

below. The phases start from phase A1 (material extraction) and go until C4 (disposal). 

There is also a “phase D”, that considers emissions outside the system boundaries of 

the building, mainly the carbon handprint by means of renewable energy, for example. 

Some modules will be able to be calculated using table values and some using more 

accurate calculations. (Kuittinen, 2021). 

𝐶𝑓𝑜𝑜𝑡𝑝𝑟𝑖𝑛𝑡 = 

𝐺𝑊𝑃𝑚𝑎𝑛𝑢𝑓𝑎𝑐𝑡𝑢𝑟𝑖𝑛𝑔 + 𝐺𝑊𝑃𝑟𝑒𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡𝑠 + 𝐺𝑊𝑃𝑤𝑎𝑠𝑡𝑒 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 

+𝐺𝑊𝑃𝑤𝑎𝑠𝑡𝑒 𝑑𝑖𝑠𝑝𝑜𝑠𝑎𝑙 + 𝐺𝑊𝑃𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑠 + 𝐺𝑊𝑃𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑠𝑖𝑡𝑒 

+𝐺𝑊𝑃𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 

The acronym, GWP, refers to global warming potential, which compares the emissions 

generated by the product or activity to the effect of comparable amount of carbon 

dioxide in a span of a hundred years. Some greenhouse gases are more potent and 

damaging to the environment than others, so the carbon dioxide works as a 

benchmark to compare the other gases. The emissions are quantified as kgCO2e, 

known as kilograms of CO2 equivalent. The formula covers all processes generating 



17 
 

 

greenhouse gases and processes that may contain or remove greenhouse gases from 

the atmosphere, such as mining and planting of trees for timber, respectively.  

(Kuittinen, 2021) 

Next, the study briefly covers the various phases of a product life cycle and ties them 

to the modules of a life cycle of a building presented in Table 3. 

𝐺𝑊𝑃𝑚𝑎𝑛𝑢𝑓𝑎𝑐𝑡𝑢𝑟𝑖𝑛𝑔 covers all organic and fossil fuel related emissions from the 

manufacturing of base material, transport to further processing and finally the 

manufacturing of the product that will be installed on site. Looking at Table 3, this 

would correspond to phases A1-A3.  (Kuittinen, 2021) 

𝐺𝑊𝑃𝑟𝑒𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡𝑠 covers all emissions related to the replacement of building 

elements during the operation of the building and correspond to phase B4 in Table 3. 

Different building parts have different life spans, which can be relatively easily 

assessed (Kuittinen, 2021). 

𝐺𝑊𝑃𝑤𝑎𝑠𝑡𝑒 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 covers all emissions generated by waste processing from site 

operations (A5), product replacements (B4), and demolition (C3). 

𝐺𝑊𝑃𝑤𝑎𝑠𝑡𝑒 𝑑𝑖𝑠𝑝𝑜𝑠𝑎𝑙 l covers all emissions generated by the disposal of non-

processable waste (C4) generated by site operations (A5), product replacements (B4), 

and demolition (C3).  

𝐺𝑊𝑃𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑠 covers the emissions generated by transportation of products to the 

site (A4), transportations of replacements and waste generated by replacements (B4), 

and transportation of waste generated by demolishing operations. 

𝐺𝑊𝑃𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑠𝑖𝑡𝑒 covers the emissions generated by site operations during initial 

construction (A5), replacement operations (B4) and demolishing operations (C1). 

𝐺𝑊𝑃𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 covers the emissions generated by the operation of the 

building (B6). (Kuittinen, 2021) 

According to the decree by the ministry of the environment, in the assessment of the 

carbon footprint, those processes that have an existing method of standardised CO2 

footprint estimation should be calculated. Sources can include the national emissions 

database (www.co2data.fi), along with product information made along the guidelines 

of European standards EN 15643, EN 15978 and specifically EN 15804. (Kuittinen, 
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2021) The use of these sources is discussed later in the study in chapters 3.6, 3.7. 

and 3.8.  

Table 3. Modules of building life cycle to be included in the CO2 footprint assessment. Grey phases are 
excluded. The phases in blue can be estimated using table values provided by the Ministry of the Environment.6 

 

 
6 (Kuittinen, 2021) 

Inclusion Argument for inclusion/exclusion

A1-3 Raw material extraction and 

processing. Transport to the 

manufacturer. Manufacturing.

Included Impact of products is significant and easily assessed during design phase.

A4 Transport to the building site Included Impact of product transportation is not that significant, but relatively easy 

to assess. Reduction of transportation has additional benefits to society.

A5 Site Operations Included There are actions being taken to reduce the CO2 footprint of site 

operations. Quantifying these is essential in making the effects of 

reductions visible.

B1 Product Use Excluded Minimal impact, mainly HVAC cooling fluid leaks could be included.

B2 Maintenance Excluded Relatively small impact. Design phase has little to no control over 

products and machinery used in building maintenance.

B3 Repair Excluded Sudden breakdowns of materials or machinery is difficult to forecast 

reliably.

B4 Product replacement Included Wear and tear of individual products is relatively easy to quantify. By 

assessing the carbon footprint of products replacements, the regulation 

can steer the builders away from products with low initial carbon 

footprint but short life cycle. 

B5 Refurbishment Not included in new constructionIn large renovations, significant changes are made to the building. These 

are difficult to forecast when during the initial design phase. Large-scale 

renovation projects will be required to assess the environmental impact 

separately during the planning of the renovation.

B6 Operational energy use Included Energy use is one of the most important factors affecting the CO2 

footprint of the building. 

B7 Operational water use Excluded Water use is not a significant factor in the CO2 footprint of the building, 

and the assessment is time-consuming. The heating of water for use is 

taken into account in section B6 Energy use.

B8 User activities Excluded User impact would require project specific assessments, which would be 

difficult to confirm.

C1 Demolition Included The quantity of materials is adequately known during design phase. 

Inclusion of post-use phases would assists in the assessment of design 

choices that would promote principles of circular economy. C2 Transportation to waste processing Included

C3 Waste processing Included

C4 Disposal Included

Included Included in the assessment methodologies of other Nordic countries. 

Benefits for the circular economy and climate are to be done according to 

specific ISO and EN standards. 

Phase of Life Cycle
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As stated in the beginning of this chapter, some of the modules shown in Table 3 can 

be calculated using table values provided by the Ministry of the Environment. These 

modules are shown in blue colour in Table 3. The calculation is discussed later in 

chapter 4.0 and its sub-chapters where the tools available are tested. (Ministry of the 

Environment, 2021) 

3.5.2. Presentation of the Material List 

The building elements included or excluded in the material list and climate declaration 

are shown in Table 4 on the following page and in more detail in Appendix 7. The 

division of the building elements in the decree is made according to the Building2000 

(FI:  Talo2000) classification system.  

The party responsible for the material list should separate the building according to a 

few parameters: Into the site and the actual building, as well as into site elements, 

building elements, internal space elements and service elements. Construction 

happing outside the building is designated to “site”, while everything inside the building 

envelope is designated to “building.” According to the draft of the ministry, foundations 

are part of “site”, but ground floor slabs are part of the “building.”  

Parts left out are usually packaging of products or building parts that are difficult to 

quantify or those that have minimal impact on the footprint of the building, such as IT 

systems, building automation systems and signs. Up to 5% of materials that should be 

included in the material list and climate declaration can be excluded. This is done to 

ease the calculation as some parts can be more difficult to assess than others and 

follows the same principle as the EN 15804 standard for life-cycle assessment of 

building parts. (Kuittinen, 2021). 
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Table 4. The Building2000 classification system contains all relevant building parts and systems to be included in 
the climate declaration. A more detailed set of inclusions and exclusions can be found in Appendix 7.7 

 

All in all, the building elements, the materials, and the origins of the materials in the 

building parts must be listed. The materials must be divided by type like below: 

1. Concrete, masonry, mineral-, ceramic-, and natural stone materials. 

2. Wood and natural fibres 

3. Glass 

4. Plastics and rubber 

5. Bitumen materials and mixtures 

6. Metals 

7. Insulation 

8. Gypsum 

9. Machines and equipment 

10. Other materials 

11. Soil and mineral aggregates 

 
7 (Kuittinen, 2021) 

Building Building Site

Ground Elements Clearings, digs and canals

Soil Stabilisation and reinforcement elements Site equipment

Pavements Packaging

Green areas Demolishing of old buildings of structures

Site structures Vegetation, soil and water systems

Ground floor slabs Foundations Separate nails, screws, glues, sealants, seams,

Frame and other adhesives not included in the products.

Facade, doors and windows Smoke extraction structures

External decks Product packaging

Roof structures

Internal dividers Balustrades and railings

Space surfaces Internal signage

Internal fixtures Maintenance platforms and catwalks

Other internal space elements Other special internal space elements (infills)

Box units (e.g. bathroom modules) Separate nails, screws, glues, sealants, seams

and other adhesives not included in the products.

Battens, fiddles, edge strips

Product packaging

Heating system, main elements Service elements outside the building servicing IT-systems

Water and sewage system, main elements the site rather  than the building, e.g. lighting Building automation systems

Air-conditioning system, main elements and external shed electrical systems. Back-up systems

Cooling system, main elements Separate machines and devices

Sprinkler system, main elements Product packaging

Electrical system, main elements

Elevators and escalators
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The material origins must be divided in the following manner: 

1. Renewable material (renewal within 100 years) 

2. Non-renewable material 

3. Recycled material 

4. Reused products 

5. Hazardous products 

(Kuittinen, 2022). 

The Ministry of the Environment has given an example of the material listing with a 

window as an example. This example is shown in Table 5. Some materials can fit more 

than one category and must be declared in all relevant categories. This can be the 

case for example where a certain portion of metal alloy is made by smelting recycled 

metal parts from and another portion is sourced from virgin ore. The decree covering 

the material list acknowledges that in the early phases of project development the final 

material choices for example for windows can be unpredictable due to unfinished 

designs and procurement processes. In such a case a generic value from for example 

the www.co2data.fi database should be used and updated when the final product is 

known. (Kuittinen, 2022). 
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Table 5. Presentation of the classification of materials of a window by material type and origin.8 

 

In summary, the material list must contain the following information: 

1. Unique building ID (FI: Rakennustunnus) 

2. Class of intended use of building (residential, office, etc.) 

3. Heated net area 

4. List of building elements 

5. List of materials within building elements (gypsum, wood, etc.) 

6. List of materials classified by origin (reused, new, hazardous, etc.) 

7. Intended operational life span of the building. 

8. Date of the material list as well as the signature and education of the person 

responsible. (Ministry of the Environment, 2022a). 

3.5.3. Presentation of the Carbon Calculation 

The draft decree on climate declaration by the Ministry of the Environment states that 

the sustainability analysis of the climate declaration must be split into two parts:  

- The carbon footprint of the building. 

- The carbon footprint of the building site. 

 
8 (Kuittinen, 2022) 

Origins of Materials, Example of a Window

This example window is estimated to weigh 15 kg, consisting of 10 kg of glass, 

3,5 kg of wood, 1 kg of metal and 0,5 kg of synthetic rubber. The materials 

would be divided in the following manner. Materials fitting more than one 

category must be declared in all relevant categories, as is the case of metal 

material in this example. Weight Explanation

Renewable materials 3,5 kg Wooden materials.

Non-renewable materials 11,5 kg

10 kg of glass, 1 kg 

of metal, 0,5 kg of 

synthetic rubber.

Recycled materials 0,3 kg

In the example 30% 

of metals are 

recycled.

Reused materials 0 kg

The product would 

not contain any 

reused materials.

Hazardous materials < 0,1 kg

The product would 

not contain any 

significant amounts 

of hazardous 

materials.
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In addition, the sustainability analysis climate declaration must be divided into 3 

phases: 

- The construction phase. 

- The operational phase. 

- The demolition/disposal phase. 

In its final form, the climate declaration should look like in Tables 6 and 7. The climate 

declaration must detail the carbon footprint as well as handprint from the building 

construction, operation, and disposal phases. Both the results of the footprint and the 

handprint calculations are shown here to give the reader a clearer picture of the 

deliverables to the Building Control, despite this thesis focusing on the footprint 

calculation. The CO2 equivalents must be given both in per square meter values as 

well as total values. (Ministry of the Environment, 2021).  

Table 6. The presentation of the carbon footprint for the climate declaration.9 

 

 
9 (Ministry of the Environment, 2022b) 
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Table 7. The presentation of the carbon handprint calculation for the climate declaration. 10 

 

In addition to the emissions information shown in Tables 6 and 7, the climate 

declaration must contain the following information: 

1. Unique building ID (FI: Rakennustunnus) 

2. Class or classes of intended use of building (residential, office, etc.) 

3. Heated net area and site area 

4. Results of the carbon assessment, both the total and a separated value for 

each intended building use 

5. Intended number of users of the building 

6. Estimate of purchased energy used by the building. 

7. Duration(s) of used lifespans for the separate assessments 

8. Intended operational lifespan of the building. 

9. Main structural material 

10. Software or tools used in the assessment. 

11. Date of the climate declaration as well as the signature and education of the 

person responsible. (Ministry of the Environment, 2022b) 

.   

 
10 (Ministry of the Environment, 2022b) 
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3.5.4. Reliability of the Climate Declaration 

According to the guidebook on making the climate declaration drafted by the Ministry 

of the Environment, the climate declaration is deemed reliable when: 

- The building is built according to building code. 

- The carbon estimate is done according to the decree(s) of the Ministry of 

the Environment. 

- Quantity information is deemed adequate, when the quantities contain the 

building parts listed in in the decree on climate declaration. This 

corresponds to Appendix 7 of which a short version was shown in Table 4 

in chapter 3.5.2.  

- In relation to the building service systems, accurate quantity information can 

be replaced with table values from the national emissions database. 

- The sources used are either the national emissions database or 

environmental product declarations based on the EN 15804+A2 standard. 

This also applies to the quality of the information. (Ministry of the 

Environment, 2021). The older EN 15804+A1 is also acceptable until 2024 

(Ministry of the Environment, 2022b). 

The EN 15804+A2 standard lays out the basis for the exclusion of data when 

assessing environmental data. The estimator can leave out emission sources when 

their amount of total mass of the produced unit is less than 1% or when their energy 

consumption is less than 1% of total consumption. As previously mentioned, a 

maximum of 5% per assessed module (A-D) can be neglected. Larger gaps in 

information must be supplemented with generic information or a conservative estimate 

if no other source of data is available. (Suomen Standardoimisliitto, 2019). 
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3.6. Priority and Sources of Emissions Data 

According to a guide to climate declaration published by the Ministry of the 

Environment, the climate declaration must be established using reliable sources, of 

which the order of preference is given by the Ministry of the Environment. The source 

of emissions has an impact on which data source should be used primarily. The two 

primary sources for emissions data are environmental product declarations (EPDs) 

and the national CO2 database (www.co2data.fi). More on EPDs later in chapter 3.7 

and the national CO2 database in chapter 3.8. Peer-reviewed studies or other 

emissions databases can be used as tertiary sources. This chapter discusses the 

preferred sources for emission data as stated by the Ministry of the Environment per 

building life cycle phase. (Ministry of the Environment, 2021) 

3.6.1. For the Building Permit  

For construction materials (modules A1-A3), the primary source of emissions data 

should be the environmental product declaration (EPD) of the chosen product. If no 

product is chosen at the time, generic data from the national CO2 database should be 

used. If no information is found in those two sources, the information can either come 

from another commonly used emissions database, or a peer-reviewed study that is 

applicable to Finnish conditions and is under ten years old. (Ministry of the 

Environment, 2021) 

For transport emissions (A4), a table value given by the national emissions database 

should be used. Nevertheless, if desired, more accurate distances and fuel 

consumption and emissions from factory to site can also be used. (Ministry of the 

Environment, 2021). The table value is 27 kg CO2e/m2 (net area of building), of which 

a screenshot is shown of the CO2 database in Figure 4. 

http://www.co2data.fi/
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Figure 4. The table value for transports is shown on the co2data.fi database.11 

The national emissions database also provides a description of the value and a full 

background report to explain how the researchers came up with such a number. 

(Finnish Environmental Insititute, 2022) 

For site energy use (A5), the national database contains table values for the 

construction processes of different building types and their preceding earthworks and 

stabilisation. These table values can be used to estimate the climate effects of the site 

operations. If desired, the actual energy consumption of the site can also be 

calculated, just like in the case of transports. The data for different buildings does not 

consider earthworks or stabilisation, so the total of the site and building emissions is 

a sum for the building type emissions and the earthworks plus stabilisation if the latter 

is necessary. (Ministry of the Environment, 2021) 

The table values for different kinds of works are shown in Table 8, with the values 

taken form the national www.co2data.fi database.  

 
11 (Finnish Environmental Insitute, 2023) 
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Table 8. The table values for different construction operations. The construction operations exclude earthworks 
and stabilisation, and they should be added in the total if necessary.12 

 

For the buildings, the emissions are calculated based on net area, whereas for the 

earthworks and stabilisation the gross area is used (Finnish Environmental Insitute, 

2023). 

3.6.2. For the Finished Building 

For determining energy consumption of the finished building, an energy declaration 

should primarily be used. And example of an energy declaration showcasing the 

consumption of a building is shown below in Figure 5. (Ministry of the Environment, 

2021) 

 

Figure 5. An energy declaration of a building built in 1973. On the bottom right one can see the energy consumption 
in kilowatt hours per square meter per annum.13 

 
12 (Finnish Environmental Insitute, 2023) 
13 (Harju, 2015) 

Type Table value Unit

Construction: Office building 78 kg CO2e/m2 (net)

Construction: Residential building 46 kg CO2e/m2 (net)

Construction: School or kindergarten 60 kg CO2e/m2 (net)

Earthwork 7 kg CO2e/m2 (gross)

Stabilisation 0,04 kg CO2e/ unit of stabiliser
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The consumption of energy by the building is shown as kilowatt hours per square 

meter on the bottom right of the energy declaration. The emissions are then calculated 

by multiplying the energy consumption with the net floor area of the building and a 

multiplier given by the National Emissions Database that depends on the fuel source 

used. If the building is missing an energy declaration, a similar method akin to the 

energy declaration process should be used to establish energy consumption. (Ministry 

of the Environment, 2021) 

3.7. Environmental Product Declarations 

In the previous chapter this study briefly introduced the order of priority of emissions 

data sources for different life cycle sources of emissions of the building: The product 

manufacturing, transports, site operations and building operation. This chapter 

discusses the main source of data, i.e., the Environmental Product Declarations 

(EPDs). In the following chapter 3.8. the study introduces the National Emissions 

Database that can be used if no EPD is available, or no product is yet chosen and thus 

generic data is preferred for emissions calculations. 

According to the EN 15804+A2 standard, which lays out the core rules for construction 

products in terms of sustainability, an Environmental Product Declaration (EPD): 

“…provides quantified environmental information for a construction product or service on a 

harmonized and scientific basis. It also provides information on health-related emissions to 

indoor air, soil, and water during the use stage of the building”  (Suomen Standardoimisliitto, 

2019). 

The standard itself is intended to provide rules and framework for harmonious EPD 

generation. This is achieved by defining the indicators that need to be declared and 

the way they must be presented, as well as describing the stages of product life cycle 

to be considered. The standard also lays out the conditions upon which separate 

construction products can be compared based on the EPD information. The standard 

applies to not only construction products but also services.  (Suomen 

Standardoimisliitto, 2019). 

Environmental Product Declarations can usually be found on the website of the 

manufacturer of the product. Anyone can generate their own EPD, but there are 

companies that provide EPD generation as a service and in addition verify the EPD 

via a third party. Two examples of such service providers are the company 

OneClickLCA Oy and Rakennusteollisuus (RT), the consortium of the construction 
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industry. As an example of the verification system, the industry consortium RT 

accredits its third-party verifiers for three years at a time. Currently, RT has 5 

accredited EPD verifiers in Finland, of whom two come from the company Bionova Oy 

(which is known as of 2021 as OneClickLCA), one from Granlund Consulting Oy, 

another from Nordic Offset Oy and the last one from the Finnish Environmental 

Insititute (SYKE). The goal of the third-party verification process is to ensure that the 

EPD is made in accordance with the EN 15804+A2 standard. (Rakennusteollisuus, 

2023). 

3.7.1. Storage of Environmental Product Declarations 

The organisations creating EPDs have or are in the process of creating EPD 

databases to enhance the accessibility and useability of the EPD files. The previously 

mentioned OneClickLCA generates EPDs for their clients but also maintain a large 

library of EPD data, useable within their browser-based software for life cycle analyses 

and carbon footprint and handprint estimates. This software will be discussed later in 

chapter 4.7. (OneClickLCA, 2023)  

The industry consortium RT meanwhile is in the process of uploading all their product 

information along with their EPD files to a digital platform called ECO Portal by the 

company ECO Platform (Seppänen, 2022). ECO Portal is an ongoing project to create 

a database network where anyone can access and add EPD information using a 

common digital format and a standardised set of rules for data exchange and use. 

ECO Portal already has more than 5000 entries. There is no master data base, but a 

connection of smaller individual databases, be they public or private. The network of 

databases will be accessible via Application Programming Interfaces (APIs) so that 

other software can access the EPD information in a machine-readable format. 

3.7.2. Content of Environmental Product Declarations 

The EN15804+A2 states that a construction product or service EPD must declare the 

data on modules A1-A3 and C1-C4 covering the product stage and the end-of-life 

stages of the product. In addition, an EPD must cover the module D that covers the 

life cycle stage in a life cycle analysis known as the “reuse, recovery and recycling 

potential” of a product. There can be exemptions to the modules covered, but only if 

the product fulfils the following three requirements: It must not contain biogenic carbon 

(stored carbon e.g., wood products), and in the end of life of the product it must be 

unidentifiable and inseparable from another product. EPDs allowed exemption from 
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C1-4 and D must provide information on where to find information on the end of life for 

these modules. The standard provides an example of cement, which is exempt from 

these latter modules, whereas the EPDs covering products made partly from cement, 

i.e., concrete and mortar must cover these modules. There are additional optional 

modules that can be included in the EPDs, but at minimum the product EPD will cover 

“cradle to gate” data covering modules A1-A3, if the modules C1-4 can be excluded 

due to the nature of the product. (Suomen Standardoimisliitto, 2019) 

Two examples of construction product EPDs are shown below in Figures 6 and 7 to 

further demonstrate the content and variety of the EPDs. Below are the cover pages 

of an EPD covering a 12.5 mm gypsum board by the company Saint-Gobain Finland 

Oy and an EPD covering several paints by Tikkurila Oy. (Dalborg, 2019). 

 

Figure 6. Cover page of the EPD of 12.5 mm thick gypsum board by the company Gyproc Saint-Gobain.14 

 
14 (Dalborg, 2019) 
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Figure 7. Cover page of the EPD of multiple Tikkurila paints.15 

After the cover page, the EPD lists general information on the product in more detail. 

The information on the Saint-Gobain gypsum board for some of these details are given 

in parentheses as examples: 

- Manufacturer (Saint-Gobain) 

- Programme used for the creation of the EPD (The Building Information 

Foundation RTS) 

- Publisher of the EPD (The Building Information Foundation RTS) 

- EPD Registration number (RTS_24_19) 

- Product category rules (PCR) and scope of the EPD (“…in accordance with 

EN 15804:2012) 

- Site of manufacture of the product (Address) 

- Owner of the declaration (Saint-Gobain Finland Oy, Gyproc) 

- Issue dates and validity (25.2.2019. Valid from 31.12.2018 to 31.12.2023.) 

- Intended service life of product (50 years)  

 
15 (Prieto, 2021) 
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- Contact regarding the EPD 

- Declared unit of product and its characteristics: (1 m2 of installed board of 

12.5 mm thickness. Weight 8.40 kg/m2 and density of 672 kg/m3) 

After the general information, information on the products themselves is given: 

- Use cases (Plasterboard used for lining walls, floors, and ceilings.) 

- Description (Gypsum core, paper liner, smooth surface with tapered or 

square edges.) 

- Raw materials used and their composition (70-75 % Natural gypsum, 12-25 

% recycled gypsum, 1-3 % additives, 5-7 % paper.) 

- Physical properties (EN classification, fire resistance, water vapor 

resistance and thermal conductivity) 

- If the EPD covers more than one product, like in the case of the Tikkurila 

paints, the list of the products concerned, and their product names are 

given. 

After the product information, the information on the life cycle assessment methods 

(LCA) performed on the product is given. The corresponding page of the gypsum 

board EPD in shown as an example in Figure 8.  

- EPD type (Cradle-to-gate) 

- Declared unit (1m2 of installed board of 12.5mm thickness. Weight 8.40 

kg/m2) 

- System boundaries (A1-A3, A4-A5, B1-B7, C1-C4, D) 

- Reference service life (50 years) 

- Geographical coverage (Finland and Baltic) 

- Product CPC code (37530) 
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Figure 8. The information on the LCA calculation of the gypsum board EPD.16 

Beyond the short list of technical properties and boundaries, the life cycle assessment 

of each module is further delved into. The meaning of all the modules is explained and 

the values used to gain results. For example, in the A4 Transport module, the 

estimated distance and delivery method are stated. Finally, the EPD report shows the 

results of the assessment. The examples of the result pages are shown on the 

following pages for both the gypsum board and the paints in Figures 9 and 10. The 

modules A1 to A3 are the ones concerning the carbon footprint of a building relevant 

to this thesis and the climate declaration and are highlighted on the results in yellow. 

(Dalborg, 2019). 

 
16 (Dalborg, 2019) 
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17 

 

  

 
17 (Dalborg, 2019) 

Figure 9. The environmental impacts page of the Gyproc 12.5 mm gypsum board, with the global warming potential of modules A1-A3 highlighted in the top 
left corner. 15 
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18 

 
18 (Prieto, 2021) 

Figure 10. The environmental impacts page of the various paints covered by the Tikkurila EPD. The global warming potential of modules A1-A3 is 
highlighted in yellow on the top of the page. 16 
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3.7.3. Criticism of EN15804 

There has been some criticism on whether the EN15804 standard adequately works 

for buildings. Some of the criticism about to be detailed has already been addressed 

by the updating of the EN15804 standard by the European Committee for 

Standardization (CEN). Some of the updates exist to align the EPDs with another EU 

standard for the Product Environmental Footprint (PEF) while the ECO Platform 

initiative mentioned earlier in this study is also connected to the updating and 

harmonisation of the EPD generation and storage. (Gaasbeek, 2019). 

Ph.D. researcher Sahar Mirzaie stated that when considering EPDs and construction, 

the results of the EPD are not weighted in any way, thus leaving the interpretation of 

the results to the reader. When comparing two different products, Mirzaie states that 

there is more than just the global warming potential to be considered. An example is 

given when comparing two different insulation materials: Not only in the GWP 

important, but also the insulative properties and the life span of the product. Some 

issues that have already been addressed by the update of the standard were lack of 

water and human health related indicators, lack of consideration of recyclability of the 

product and the scope of the EPD that was previously a kind of pick-and-choose 

approach. Nowadays, all EPDs must consider the modules A1-A3, C1-C4, and D, and 

only in very specific cases are they allowed to only consider product manufacturing. 

This is meant to help in making comparisons between products, though some of the 

criticism made by Mirzaie is still most likely valid in terms the other properties of the 

products. (Mirzaie, 2016). 

3.8. National Emissions Database 

The previous chapter discussed EPDs, which should be used as a primary source for 

emissions information. Nevertheless, if no product is chosen by the time of the first 

carbon assessment, generic data may be used. For this purpose, the Finnish 

Environmental Institute (FI: SYKE, Suomen Ympäristökeskus) has developed, in 

collaboration with Green Building Council Finland and their Swedish counterparts, a 

database of the environmental effects of common building materials used in Finland 

and the Nordics. The work was commissioned by the Ministry of the Environment. The 

Nordic collaboration was done to enable harmonisation of future environmental 

assessment methods throughout the region. Both the carbon footprint and handprint 

of various materials is accounted for in the database, as well as material efficiency 
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and recyclability. The information is presented as generalised information, with no 

individual company or product information presented. The information is based on 

various sources, mainly environmental product declarations supplemented with 

generic data from for example VTT (Technical Research Centre of Finland) test 

reports. This database is meant to assist construction companies and designers in 

establishing the carbon estimate of construction projects. (Finnish Environmental 

Insititute, 2022). 

Next, this thesis looks at the actual database and how it is organised and accessible. 

The database can be accessed on the site www.co2data.fi. The site is divided into 

building construction data and infrastructure construction data pages, shown below in 

Figure 11. 

 

Figure 11. The main page of the national CO2 database.19 

The site requires no creation of an account and is completely free for anyone 

interested. By clicking the “Rakentamisen päästötietokanta”, the user is taken to the 

construction emissions database of which a screenshot is shown in Figure 12.  

 
19 (Finnish Environmental Insitute, 2023) 
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The main page of the building material database works in Finnish, Swedish and 

English. The site has data for products but also services and processes such as 

energy, transportation and construction and demolition processes. (Finnish 

Environmental Insitute, 2023). 

 

Figure 12. The main page for building construction emissions data of the co2data.fi website. 20 

The materials are sorted according to type. By clicking any blue link, the user is 

transferred to look at a more specific list of products in that category.  

 
20 (Finnish Environmental Insitute, 2023) 
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The data is presented as a fact sheet with the global warming potential of a product 

shown first for the modules A1-A3 required for the building permit climate declaration. 

An example of a search for gypsum board is shown in Figure 13. The emission value 

is in the unit of kg CO2e / product kg. To help obtain this number, a conversion factor 

is given. In the case of gypsum board, the density (kg/m3) of the board is given. By 

knowing the density, thickness of a single board, and the total number of square 

meters to be installed, the total weight of the materials used in construction can be 

calculated. The shares of renewable and recycled materials needed for the material 

list are also given. 

 

Figure 13. The generic emissions and material information of gypsum board.21 

 
21 (Finnish Environmental Insitute, 2023) 
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Below material information, the environmental indicators and description of the product 

is given as well as its relation to the classification system (Talo2000). A full background 

report on the environmental assessment is also downloadable to ensure transparency. 

The information for the gypsum boards is shown in Figure 14.  

 

Figure 14. General description part of the gypsum board page in the national database.22 

In addition to the data for emissions being accessible from the database on the 

website, there is a downloadable Excel-file that construction companies and designers 

can use to calculate the carbon emissions of their projects using the data of the 

co2data.fi database. The Excel-file is made so that the user must input the quantities 

of their building elements and the file does the rest of the calculations based on pre-

set data in the Excel-file. The Excel data is based on the database data. The user can 

also replace the information of the database with their own data, but they must then 

 
22 (Finnish Environmental Insitute, 2023) 
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deliver a report that establishes the basis for the changes when submitting the climate 

declaration. The tool is completely free to download and use for anyone interested. 

The use of the tool is showcased later in this thesis in chapter 4.6. (Ministry of the 

Environment, 2019a) 

3.9. Possible Desired Values for the CO2 Assessment 

The previous chapters discussed the sources for emissions data, as well as their use 

and readability. This chapter discusses the possible thresholds for the results of the 

climate declaration and carbon footprint. The Finnish government is not implementing 

a threshold for emissions in the early phases of climate declaration implementation. 

Nevertheless, there is a mention in the drafted decrees concerning the material lists 

and climate declaration that the government has thresholds planned to come in to 

force in the mid 2020’s. These thresholds would be enacted by a decree by the Council 

of State. (Kuittinen, 2022). 

To supplement this lack of thresholds, this study looks at a German study by (Braune, 

2021) of 46 office buildings and four residential buildings that found out that the mean 

global warming potential (GWP) of the various buildings was 8.7 kg CO2e/m2/a, while 

the values ranged between -0.4 kg CO2e/m2/a and 15.5 kg CO2e/m2/a. This study 

considered the following modules of life cycle analysis: 

A1 Raw Material 

A2 Transport 

A3 Manufacturing 

B4 Replacement 

C3 Waste Processing 

C4 Disposal 

D Reuse, recovery, and recycling 

potential

 

A4 and A5, i.e., transport and site operations were not included in the emissions in the 

study. 

When calculating emissions for the phases A1-A3 only, the mean value of emissions 

was found out to be 7.3 kg CO2e/m2/a, or 365 kg CO2e/m2. The life cycle of the 

buildings was estimated to be 50 years in this case. The study states that, as this was 

an average result of buildings already finished or under construction, the target value 

for future CO2 footprint emissions reductions should be around 3.7 kg CO2e/m2/a or 

185 kg CO2/m2 for the modules A1-A3 to reach 50% emissions cuts as recommended 

by climate scientists. (Braune, 2021).  
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4.0. Currently Available Tools for Climate Declaration 

Chapter 3.0 and the sub-chapters therein discussed the legal framework, presentation, 

and data sourcing of the climate declaration. The following chapters delve into the 

tools currently available for carbon emissions calculations. There are multiple tools 

available for both compiling the materials list and climate declaration, both from the 

public and private sectors. For this thesis, three tools were chosen:  

- The Level(s) Excel Tool for Material Bills, 

- The National Emissions Database Tool from the Ministry of the Environment 

and the Environmental Institute of Finland, 

- The private browser based OneClickLCA software by the company 

OneClickLCA.  

First, a brief introduction on the utilised case project is given in chapter 4.1. The key 

concepts of cost estimation in the Finnish Building80 classification system are 

described in Chapter 4.2. and the process used on the case project to obtain the 

material quantities necessary for the emissions calculations in chapter 4.3. Chapters 

4.5-4.7. discuss the tools and their testing. Finally, in chapter 4.8. the study lays out 

some of the criticism on the climate declaration and emissions calculation process 

before moving on to Chapter 5.0. to present a possible prototype for simultaneous 

quantity, cost, and carbon estimation.  

4.1. Case Project 

To obtain data and experience on the carbon footprint estimation process, a single-

family house was chosen as a case study. The building was modelled and designed 

during the first year the authors master’s degree studies in Metropolia UAS. The size 

and scope of the building made producing the Bill of Quantities relatively quick, while 

still containing most of the building parts that a larger project would have, such as 

foundations, walls, windows, and a roof. The model of the building is shown in Figure 

15.  
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Figure 15. The house used in the CO2 analysis. Roof and Space objects have been hidden to show the interior a 
little better. (Picture by the Author). This project, while imaginary, is of reasonable size and scope and contains all 
building elements relevant to the CO2 assessment tool.  

Some parts of the project, such as earthworks and building service systems, were not 

modelled, or designed, but were assumed to be generic for the scale of the building. 

The building information model of the project is shown above in Figure 15 shows the 

lack of interior detail and groundworks. The assumptions made during the quantity and 

cost estimation are stated later in the report. The next chapter describes the process 

of breaking down building elements into activities and resources to obtain the 

necessary material quantities needed for the carbon footprint assessment.  
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4.2. Cost Estimation Process 

A quantity and cost estimate of the project was made using Tocoman Estimation 

software using the Building80 classification system, which is an older but very similar 

classification system as the previously introduced Building2000 system. The entire 

cost estimate can be found in Appendices 4, 5, and 6 and a part of it in Figure 18. The 

three appendices correspond to either building elements (App. 4.), activities (App. 5.), 

or resources (App. 6.) Those three concepts are explained below. 

To obtain accurate quantities and costs, the Building80 classification system requires 

the user to single out the building elements, then break the elements down into 

activities and finally to calculate the consumption rate of resources such as manpower 

and materials per activity unit. An example of this breakdown in show in Figure 16. 

This breakdown is called a “recipe.” (Rakentajain Kustannus Oy, 1984). 

 

Figure 16. An example of a construction element estimation recipe for an exterior wall element. 23 

For purposes of easier control of the budget, the building elements and other relevant 

costs are allocated into main cost groups, under which there are groups for building 

elements and then activities. The idea is shown in Table 9. (Rakentajain Kustannus 

Oy, 1984) 

 
23 (Diagram by the Author) 
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Table 9. A partly opened up Building80 Classification system consists of main groups, building element groups and 
activities related to building elements. This is used to help in cost estimation but also cost control.24 

 

These main groups and the construction element groups within assist the estimator in 

making sure that all building parts are taken into consideration, acting as a sort of a 

checklist. The numbering of the classification system also helps in reading the quantity 

or cost estimate, because the structure is standardised. When allocating resource 

costs, a following classification structure based on cost type is used: 

1. Works 

2. Materials 

3. Sub-contracts 

4. Rental equipment 

5. Others  

(Rakentajain Kustannus Oy, 1984) 

 
24 (Rakentajain Kustannus Oy, 1984) 

Main groups Building element groups Activity groups

0.    Preliminary costs

1.    Earthworks

11. Clearance and demolitions

12. Excavation

13. Mining

14. Base structures (Piles)

15. Underground drains

16. Fillings

17. Construction area

18. Outdoor equipment

2.    Foundations

21. Footings

2111. Footing formworks 

2121. Footing reinforcements

2122. Footing concrete works

22. Plinths

2211 Plinth formworks

2221 plinth reinforcements

2222 Plinth concrete work

23. Load-bearing slabs

3.    Frame

4.    Complementary building elements

5.    Surfaces

6.    Furniture and equipment

7.    Building service systems

8.    Temporary construction works and costs

9.    Administrative costs
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Tocoman Estimation software provides a pre-made library of over 3000 commonly 

used recipes for building element estimation. These estimation recipes were used 

while estimating the quantities and costs of this building. A screenshot of the 

estimation software is shown on the next page is Figure 18 with some rows of the 

estimated single-family house visible. (Admicom Oy, 2022) 

4.3. Estimate of Case Project 

The estimation process was done using the previously presented methods of using 

estimation recipes and classifying them according to the Building80 classification 

system. The parts where assumptions had to be made are listed below, along with 

their explanations: 

- Main group 0: Preliminary costs. Negligible emissions to consider. 

- Main group 1: Excavations approximated by building area, but in addition 

an assumed 222 m2 site area where some excavations and drainage works 

are supposedly done. 

- Main group 5: Some surfaces were not modelled, assumed parquet flooring 

and gypsum board suspended ceilings. 

- Main group 6: Equipment and furniture were not modelled. Included basic 

kitchen and bathroom equipment.  

- Main group 7: Building service systems based purely on €/m2 cost given by 

Tocoman Estimation software recipes. 

- Main groups 8 and 9: Based on €/m2 costs given by Tocoman Estimation 

software. Includes temporary scaffolding and machinery, as well as 

administrative costs from site management.  

Main groups 0, 8 and 9 have little to no impact on the CO2 assessment process, as 

their climate impacts can be assessed using table values provided by the Ministry of 

the Environment. The main groups 8 and 9 correspond to modules A4 and A5. 

(Ministry of the Environment, 2021). 
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Figure 17. A screenshot from the Tocoman Estimation software, where the quantities and costs of the building were estimated. The rows shown are building element parts, that 

can consist of one or more activities that consist of one or more resources.25

 
25 (Admicom Oy, 2023) 
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4.5. Level(s) Excel Material Bill Tool 

The Level(s) Excel Material Bill tool allows to produce a material list that contains the 

share of sustainable material sources, which is part of the tasks set by the decree on 

climate declaration. The tool developed by the European Commission to implement 

the Level(s) framework is readily available at Academy Europa website, where other 

materials such as guidelines, parameters and manuals can also be downloaded and 

viewed. (European Commission, 2022b). The tool can also be used to estimate the 

costs of the materials. Thus, the tool has four sheets: One used to input the quantities 

and two sheets to show the results of the inputs. The fourth sheet is used for quotations 

to compare different material choices by various suppliers and sub-contractors. The 

input sheet is shown in Figure 19. The input sheet needs the user to input the building 

elements using a three-tier classification system and their quantities, as well as a 

conversion factor to transform the lengths, areas, and units into kilograms. On the next 

page in Figure 20, the material origins part of the input sheet is also shown. The final 

product is a list of materials in kilograms, enabling their carbon footprint per kilogram 

to be estimated. (European Commission, 2022d). 

 

Figure 18. The bill of quantities, materials, and lifespans calculator. The user inputs data into the green cells. Yellow 
cells can be filled with optional information. 26 

 
26 (European Commission, 2022d) 
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Figure 19. The full view of the Level(s) tool used to produce the material list. Green cells are mandatory, yellow optional and red cells are preset. The user can do material origins 
checks as well as a cost estimate for the materials with this tool. 27

 
27 (European Commission c, 2022c) 
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There are conversion tables for common building materials available online, like The 

Constructor magazine website. These can be used to convert the various units used 

in construction to kilograms. One example of such a website is linked below: 

https://theconstructor.org/building/density-construction-materials/13531/ 

Most of these tables have the density of the material listed, so in the case of surface 

materials or timber, the areas or meters must be first converted into cubic meters   

(Anupoju, 2022). The National Emissions database (co2data.fi) also contains 

conversion factors for materials. (Finnish Environmental Insitute, 2023) 

In the end, the user gets a listing of building materials by type, as well as a cost 

estimate for the material costs. The materials are also sorted according to the hazard 

levels designated to them. The building itself is divided into the first level of the three-

tier classification system: The shell, core, and external parts. This conclusion is shown 

below for the construction phase of the project in Figure 21. A simplified estimate for 

construction waste is also given for the materials used, along with proportions of inert, 

non-hazardous, and hazardous waste generated by the building shown in Figure 22. 

(European Commission, 2022d) 

 

Figure 20. An example of results for the material list for construction.28 

 
28 (European Commission, 2022d) 

Building floor 

area (m2)
2500

Totals check 

(should =0)
-6,5

Material 

total (t)

Material 

total (%)
Shell Core External Total Units

Combined total 3310,25 99,8% 3287 23,25 0 3310,25 tonnes

Concrete, brick, ti le, 

natural stone, ceramic
3016,2 91,1% 99,3% 0,7% 0,0% 100,0% mass %

Wood 17,8125 0,5% 405,125 34,5 0 439,625 000 € 

Glass 64,02 1,9% 92,2% 7,8% 0,0% 100,0% € %

Plastic 0,9375 0,0%

Bituminous mixtures 0 0,0%

Metals 204,78 6,2%

Insulation materials 0 0,0%

Gypsum 0 0,0%

Mixed 0 0,0%

Electrical and Electronic 

Equipment
0 0,0%

175,9 132,8

Bill of Quantities/ Materials (for construction)

Breakdown by material type

Breakdown by building aspect

Total cost €/m2 Total cost €/t

https://theconstructor.org/building/density-construction-materials/13531/
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Figure 21. The estimate for the construction waste.29 

The lifetimes assumed for the products chosen have influence on the lifetime results 

of the building. These results are shown on another sheet of the file. An example of 

the results is shown in Figure 23. (European Commission, 2022d) 

 

Figure 22. Results for the lifetime assessment of the materials.30 

 
29 (European Commission, 2022d) 
30 (European Commission, 2022d) 

Assumed wastage/ over-

ordering rate

Assumed 

waste type

Assumed LoW 

code

Total CW 

(t)

Concrete, brick, ti le, 

natural stone, ceramic
15,0% Inert 17 01 01 452,43

Wood 20,0% Non-haz 17 02 01 3,56

Glass 15,0% Inert 17 02 02 9,60

Plastic 10,0% Non-haz 17 02 03 0,09

Bituminous mixtures 5,0% Non-haz 17 03 02 0,00

Metals 8,0% Non-haz 17 04 07 16,38

Insulation materials 20,0% Hazardous 17 06 05 0,00

Gypsum 22,5% Non-haz 17 08 02 0,00

Mixed 10,0% Non-haz 17 09 04 0,00

Electrical and 

Electronic Equipment
10,0% Hazardous

16 02 XX or 

20 01 XX
0,00

Inert Non-haz Hazardous Total 

Tonnes 462,03 20,04 0,00 482,07

% split 95,8% 4,2% 0,0% 100,0%

Simplified estimate for Construction Waste

Building floor 

area (m2)
2500

Totals check 

(should =0)
-6,5

Material 

total (t)

Material 

total (%)
Shell Core External Total Units

Combined total 3921,1 99,8% 3841,6 79,5 0 3921,1 tonnes

Concrete, brick, ti le, natural 

stone, ceramic
3472 88,5% 98,0% 2,0% 0,0% 100,0% mass %

Wood 0 0,0% 669,825 124,5 0 794,325 000 € 

Glass 71,25 1,8% 84,3% 15,7% 0,0% 100,0% € %

Plastic 128,04 3,3%

Bituminous mixtures 3,75 0,1%

Metals 0 0,0%

Insulation materials 239,56 6,1%

Gypsum 0 0,0%

Mixed 0 0,0%

Electrical and Electronic 

Equipment
0 0,0%

Total cost €/m2 Total cost €/t

317,7 202,6

Bill of Quantities/ Materials (for lifetime)

Breakdown by material type

Breakdown by building aspect
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4.6. Co2data.fi for Carbon Estimation Tool 

The Ministry of the Environment has developed a tool with the Finnish Environmental 

Institute to help in the production of a climate declaration. The tool is based on and 

functions much like the Level(s) tool shown in the previous chapter, but with an added 

carbon footprint and handprint estimation tool. The cost estimation tools briefly 

discussed in the Level(s) chapter are missing from this tool. To enable carbon footprint 

and handprint estimation, pre-set table values for some module phases such as 

transport and site operations, and emissions data for materials is available inside the 

Excel file itself. The data used comes from the co2data.fi website database discussed 

earlier in this thesis. 

There are eight sheets in the assessment tool Excel, all of which are described below: 

Guide 

This sheet (FI: Ohje) details how to use the Excel-file. In short, the user only must 

input information on the cells that are grey, whereas the rest of the information such 

as results of emissions estimation is shown in cells of the other colours. Most cells are 

locked, so the user has no ability to type in them. 

Summary 

The user starts on the summary page (FI: Yhteenveto). In the summary page, the user 

inputs the basic information regarding the building project, such as name, address and 

building type. In addition, technical information regarding frame type, area and 

estimated life cycle can be filled. Later, when the user has input all the necessary data 

to calculate the CO2 footprint and handprint, the results are shown in this sheet. The 

summary page is shown after discussion on the other sheets in Figure 29 to show the 

results of the carbon estimate of the single-family house case project. 

Material List  

On this sheet, (FI: Materiaaliluettelo), shown in Figure 24, the user inputs the quantities 

of the materials to gain emissions data for modules A1-A3. This sheet is where most 

of the work is done. 
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Figure 23. The material list of the assessment tool. The user quantifies the masses of building elements in 
kilograms. Only the grey cells require inputs from the user, the green cells contain automatic calculations based 
on the co2data.fi database emission data. 31 

Nearly all material quantities, apart from windows and doors, must be input in 

kilograms to get the emission data. The building is divided much like the Level(s) 

material list, but with the separation of the building site from the building itself. There 

are five levels of material classification: Location, classification number, building 

element, material type and material. On the location level the headings are prefixed 

and consist of site, load-bearing elements, shell, core and building service systems. 

The user chooses under which heading the material they are inputting belongs to and 

moves on to the next row under the heading. Next, the user chooses the element type 

related to the material they are about to type information on and the matching 

classification number of the element, i.e., foundations, walls, façade, windows, doors 

etc. The classification number comes from Building2000 classification system shown 

previously in the material list chapter and Appendix 7. After typing the element type 

and classification number, the user chooses the material type from a drop-down menu. 

Material types range from concrete and rebar to insulation and doors, windows, and 

 
31 (Ministry of the Environment, 2019a) 
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glass walls. Finally, the user chooses the correct material for the material type from a 

drop-down menu. This selection process of a material shown in Figure 25 below.  

 

Figure 24. The compilation of the material list using the three-layer system and drop-down menus in the estimation 
tool of the Ministry.32 

These materials already have the emissions data attached to them, so the last thing 

for the user to do is to input the material quantity in kilograms to the correct cell in the 

quantity column, “Määrä” in Figure 25.  

Manufacturing, Transport, Site operations  

In this sheet (FI: Valmistus, kuljetus, työmaa) the tool uses table values from the 

national emissions database to establish the emissions from transport, and site 

operations (modules A4-A5) and adds them to the emissions generated from the data 

input on the material list sheet (modules A1-A3). It is possible to type in more site-

specific information on the site emissions, but not mandatory. The climate declaration 

will require written reports attached to them to prove the site-specific information is 

valid. In Figure 26 the table values for manufacturing, transport and site operations 

are shown on the sheet. (Ministry of the Environment, 2019a) 

 
32 (Finnish Environmental Insitute, 2023) 
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Figure 25. The table values used for modules A4-A5. 33 

Building use emissions  

In this sheet (FI: Käyttövaiheen päästöjen arviointi) the user estimates the energy 

consumption and excess production of energy by the building by production types for 

module B6. For example, solar power and fossil fuel are calculated separately. The 

energy consumption is typed in kilowatt hours per net square meter per annum, or 

kWh/net-m2/a in short. Any energy production by the building systems, be it heat or 

electricity, can also be input for the carbon handprint calculation. As in the previous 

chapter, these table values for emissions can be replaced by more specific 

information, if the information is valid, and the relevant report is attached to the climate 

declaration submittal. Figure 27 shows this sheet. (Ministry of the Environment, 2019a) 

 
33 (Finnish Environmental Insitute, 2023) 
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Figure 26. The building use emissions calculator sheet. The building in this screenshot is using electricity for all 
purposes. 34 

End of life cycle  

This sheet (FI: Elinkaaren loppu) uses table values from the national emissions 

database to establish a rough estimate of the end-of-life emissions from demolitions 

and waste management corresponding to modules C1-C4 in the climate declaration. 

Figure 28 shows this sheet. Some materials deteriorate faster than others, having a 

shorter lifespan. For example, the national emissions database assumes that most 

furniture and equipment must be replaced after 25 years, while concrete and other 

durable materials last at least twice as long. Because of this, some products are 

replaced once or even multiple times during the assessment period of fifty years. In 

many cases the lifespan of the product is longer than the assessment period of fifty 

years and thus is not considered at all. The table values adjust the emissions for these 

replacements and demolitions accordingly. (Ministry of the Environment, 2019a) 

 

 
34 (Finnish Environmental Insitute, 2023) 
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Figure 27. The end-of-life emissions. 35 

As is the case with other table values used in the sheets of this tool, the table values 

can be replaced with more accurate data on the distances and demolitions waste 

processing, if such information can be verified with additional reports. (Ministry of the 

Environment, 2019a) 

Quality of information  

If the user decides to use their own data on any materials instead of the national 

emissions database or if they replace table values of modules where they can be used, 

then this is the sheet (FI: Tietojen laatu) where they must assess and prove the 

reliability of the data. There are four aspects of reliability that must be assessed on a 

scale from one to three, with one being the least reliable and three being accurate. 

These four aspects are technological, geographical, temporal representativeness, and 

the uncertainty of data. The points are added together per aspect to give a score. If no 

data is used, then the score for that module and topic is zero. Sources must also be 

given. These aspects and short explanations to the scoring principles are shown in 

Table 10. 

 
35 (Ministry of the Environment, 2019a) 
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Table 10. The scoring table of external data used. 36 

 

In summary, using new, localised, regionally representative EPDs as a reference 

seems to always be the best choice. 

Material emissions data  

On this sheet (FI: Materiaalien päästötiedot) is the raw data for the material emissions 

used by the other sheets in their calculations. The user does not have to change 

anything here. Both the carbon footprint and handprint, as well as the time between 

replacements of products are shown. (Ministry of the Environment, 2019a) 

 

 

 

 

 
36 (Ministry of the Environment, 2019a) 

0 1 2 3

Technological representativeness Not assessed Information does not 

satisfactorily represent the 

technical properties of the 

product 

Information partially 

represents the technical 

properties of the product

Information used reflects 

the technical properties of 

the product well

Geographical representativeness Not assessed Information used 

represents a completely 

different geographical area 

(Finland vs. Italy).

Information refers to a 

similard geographical 

context (Finland vs. 

Norway).

Information refers to 

specific geographical 

context.

Temporal representativeness Not assessed Time between the 

validation of the data and its 

use is longer than 6 years.

Time between the 

validation of data and use of 

data is between 2-4 years.

Time between the 

validation of data and use of 

data is less than 2 years.

Uncertainty Not assessed Information is either 

modeled or reflects the data 

of the product at hand. The 

reliability of data is 

assessed by an expert or 

producer qualitatively.

Information is either 

modeled or reflects the data 

of the product at hand. The 

reliability of data is deemed 

to be sufficiently reliable 

and is backed up by a 

quantified assessment of 

uncertainty.

Data used is project-specific 

and validated in a way that 

can be deemed exact and 

reliable. An Environmental 

Product Declaration (EPD) is 

one such source.

Scoring of the data used
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Summary After Calculations 

The Figure 29 below shows the results of the carbon assessment of the case project 

on the previously introduced Summary sheet of the Excel tool. The entirety of the 

calculation is available in Appendix 1.  

 

Figure 28. The summary page of the assessment tool.37 

 
37 (Ministry of the Environment, 2019a) 
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4.7. OneClickLCA Carbon Estimation Tool 

The previous chapter gave an overview of a tool that is freely available to the public 

with no extra costs. This chapter looks at a private option, OneClickLCA, which is a 

carbon estimation tool by a Finnish company of the same name, formerly known as 

Bionova. The company also provides software various sustainability-related products 

such as planning phase carbon optimisation, life-cycle analyses and EPD generation, 

as well as consulting services. (OneClickLCA Oy, 2023). 

The carbon footprint and handprint estimation tool itself was available for students for 

free for a 14-day trial, during which the carbon estimation of the single-family case 

project was performed with this tool. The previously introduced single-family house 

was used as a case project with the same quantities for materials. The tool was 

completely web-based, with no downloads required. The whole software was available 

www.oneclicklcaapp.com. (OneClickLCA Oy, 2023) 

The frontpage of the project is shown below in Figure 30. 

 

Figure 29. The front page of the carbon assessment project.38 

First, the user creates a project in the application and fills the basic information on it, 

such as size, location, main material for the frame and the expected lifetime. The 

 
38 (OneClickLCA, 2023) 

http://www.oneclicklcaapp.com/
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software assists the user in making the correct decisions for the basic information by 

asking for a specific use case and then giving out a license that lays out a framework 

for the task at hand. For this thesis, the license picked was called “For Finland: Trial 

for Building Carbon Footprint (14 days).” (OneClickLCA, 2023). 

After the creation of the project, the software points out the modules that are missing 

information, such as the construction materials, site operations and energy use during 

building operation. By clicking on the text stating that material information is missing, 

the software leads the user to the material listing page, shown empty below in Figure 

31. The structure in which way the building is assembled is slightly different from the 

tool given by the Ministry of the Environment. Here the locations are as follows: 

Foundations, vertical elements and shell, horizontal elements, other elements, site, 

and building service systems.  

 

Figure 30. The starting view of the material list compilation page. The headings that are used to sort out the 

materials are already visible with drop-down menus used for searching the materials also visible. 39 

The user can start listing individual materials under the headings, but it is also possible 

to group them together. The listing begins by activating the drop-down menus visible 

in Figure 31. Using the search tool in the drop-down menu the user can type and 

search for suitable data to use. The data can come from various sources, both from 

national databases like the co2data.fi and product specific environmental product 

 
39 (OneClickLCA, 2023) 
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declarations. As OneClickLCA also helps manufacturers create EPDs, they have 

access to a large database to them. The search tool being used for concrete is shown 

in Figure 32.  

 

Figure 31. A search for concrete produced these results when compiling the material list. (OneClickLCA, 2023) 

Some of the EPDs used were made using the earlier E15804:A1 standard, in which 

case the software gave an alert message stating that the EPD might not be suitable 

for use. The quantity of emissions data in this tool is vastly greater than in the tool 

provided by the ministry. In addition, there is an in-built conversion factor, so that the 

user can input the quantity usually direct from the bill of quantities without having to 

convert the quantities into kilograms. In the bill of quantities made for the case project, 

many quantities are in other units than kilograms. In Figure 33 two groups of materials 

under the heading “Foundations” are shown. These groups represent the plinths and 

footings of the case project.  
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Figure 32. Materials of the single-family house foundations. 40 

There was an issue when trying to find the materials for waterproofing and tiling of the 

bathrooms. For some reason there was a pre-made “recipe” for the levelling, 

waterproofing, and tiling of the bathroom walls, but no such recipe could be found for 

flooring. This discrepancy is shown below in Figure 34. The impact of such 

discrepancy might be small enough for it not to matter according to the EN15803:A2 

and the decree of the Ministry of the Environment concerning the climate declaration.  

 

Figure 33. Discrepancy between bathroom wall tiling works and floor tiling works.41 

A more major concern of note were the emissions of sand and gravel used in the 

estimation. The total quantity of sand and gravel in the project was 440 910 kg and 

the same emissions data source (co2data.fi) was used both in the tool made by the 

 
40 (OneClickLCA, 2023) 
41 (OneClickLCA, 2023) 
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Ministry and in OneClickLCA. For some reason, the emissions differed by a large 

margin, with OneClickLCA coming up with 7.1 tons of CO2e and the tool of the Ministry 

coming up with 2.1 tons CO2e. Some table values were also slightly different between 

the tools, for example the site operations module (A5). Nevertheless, the total amount 

of CO2e emissions of both calculations were relatively close, considering the small 

differences in available data between the tools. Both estimation results can be found 

as appendices 1 and 2 and the notes made during the testing in Appendix 8. For the 

purposes of this study, the results of the estimations are less important than the 

process with which they are achieved, thus this study did not compare the results in 

too much detail. Both estimates made with the tool of the Ministry and OneClickLCA 

can be found in the Appendices 1 and 2, respectively, and the test reports in Appendix 

8. 

4.8. Criticism on Carbon Declaration Process 

The previous chapters have discussed the legal and technical frame works of the 

climate declaration process, as well as possible tools that can be used to produce a 

climate declaration. This chapter focuses on criticism on these processes.  

Jiri Hietanen, the CEO of the company DataCubist that specialises in BIM enrichment 

from design to production, writes in his blog that the carbon estimation should be 

based on the quantity take-off done for the cost estimation, and not on the designed 

building information model itself (Hietanen, 2022). 

Hietanen first makes a difference between the design of the result (the modelling) and 

the design of the production (the cost estimation). The first issue comes from the level 

of detail in the building information model made by the designers. In the cost estimation 

phase, the model usually has only some of the building materials modelled, such as 

the walls without the surfaces. Some of the missing information will be supplemented 

in the cost estimation process by assumptions to make way for the production phase, 

even though the design is not fully finished. Hietanen states that an experienced cost 

estimator can predict the materials required that are not modelled, such as the moulds 

for formworks, and the gutters for roofs. Hietanen states that while the quantities 

generated for the cost estimation are based on the measurements made on the 

building information model, some of these quantities may never be modelled or will at 

least be missing in the beginning of the production phase. Consumption rates of 

materials can also be more easily assessed in the cost estimation phase, according 
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to Hietanen. He gives an example where the hollow-core slab has been modelled as 

a solid slab and thus the quantity take-off from the model would give far too much 

concrete in the material list if done automatically. A skilled cost estimator would also 

be able to tell that the general waste of gypsum boards is around 10% and that 

concrete moulds can usually be used five times before being discarded. (Hietanen, 

2022). 

Hietanen closes his argument by stating that the cause of the emissions is equal to 

the cause of the costs of the project and that the quantity take-off done for the cost 

estimation is the most accurate prediction of the upcoming project and that the carbon 

estimate should be based on that. Additionally, he makes the point that while it is 

relatively easy to make mistakes when using BIM generated quantities due to lack of 

assumptions and level of detail, to perceive these errors can be more difficult whereas 

a mistake in cost estimation will almost always be noticed, along with the possible 

mistake in carbon estimation. (Hietanen, 2022). 

5.0 Simultaneous Cost Estimation and Carbon Footprint 

Estimation Prototype 

After the review of the tools available for carbon estimation, the roadmap of this study 

detailed the conceptualisation of a tool that could perform carbon estimation 

simultaneously with the quantity and cost estimation process. As previously described 

in chapter 4.2., the Building80 estimation process divides the building into main 

groups, building element groups and finally activities and resources. The resources in 

cost group two correspond to materials in the carbon estimation tool and thus 

represent the most logical level on which to do carbon estimation. The classification 

systems and digitalized estimation processes are structured in such a way that 

resources connected to many different building elements, such as concrete or gypsum 

boards, can have their quantities traced back to the corresponding building elements, 

such as floors, beams, or walls. An example of this is shown in Figure 35, where a 

resource used in the case building is selected in the Tocoman Estimation application 

and in the bottom of the screen the relevant activities are shown. Those activities can 

then be traced to the relevant building elements as well. (Admicom Oy, 2022) 
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Figure 34. Selection of a rebar-resource. In blue the user can see the activities in which the resource is used. In 
this case rebar is used in plinths, partition walls and exterior walls.42 

As discussed by Mr. Hietanen in the previous chapter, the cost estimator, when skilled, 

has the best knowledge on which type of materials will finally be installed in the building 

and from which manufacturers the materials come from. This could have a positive 

impact on the speed and accuracy with which the climate declaration is made in the 

early phases of the project but also would have a clear positive impact on the climate 

declaration made once the construction project is finished, as the Bill of Quantities and 

the differences between preliminary plans and as-built plans can be checked row-by-

row and element-by-element. Like Mr. Hietanen stated in chapter 4.8. and as shown 

in the chapter 3.4.1. of this study discussing the modelling requirements in each phase 

of a construction project, the material list generated from an IFC model can be lacking 

in surfaces and may not contain all activities and consequently resources related to 

the building parts. 

A logical step would be to connect the resources directly into corresponding EPDs or 

to generic information provided by for example the National Emissions database. This 

could be done by integrating the EPD databases or a platform connecting multiple 

EPD databases together into a possible cost estimation software, such as the 

EcoPlatform discussed in chapter 3.7.1. A draft of such an integration and flow of 

information required by the two applications is shown on the following page in Figure 

36. A draft of a user interface (UI) of such a solution is also shown in Appendix 3, 

showcasing how the resources could be supplemented with additional information and 

how the user could possibly look for suitable EPDs or generic data to their resources. 

This could at first possibly be done using a drop-down menu or a search bar connected 

to the database(s), with which the user can look for matches.  

 
42 (Admicom Oy, 2023) 
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Figure 35. A draft of what information would come from the quantity and cost estimation, and what information would be needed from the EPD or external emissions database 
to fulfil the requirements of the law and decrees. 43  

 
43 (Diagram by the Author.) 
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6.0 Comparison of Different Tools 

After the testing of the different tools and the development of a prototype tool, the 

different characteristics of the tools were assessed in terms of useability, speed, 

accuracy, and reliability. The Level(s) material list tool was excluded from this 

assessment, as it does not estimate the emissions of the project. All tools have their 

strengths and weaknesses, but the easiest way to compare the tools was deemed to 

separate the positive aspects of each viewpoint from the negatives. The full 

assessment is in Table 11 and as Appendix 9 for easier readability, but below is a 

short analysis of the four aspects considered.  

In terms of useability, the contemporary tools offer a relatively simple way to perform 

the carbon assessment, although separate from other similar tasks such as quantity 

and cost estimation, which the prototype suggests being combined. Performing only 

one task at a time is usually simpler in any performance. 

For speed, the separation of tasks can either be considered a faster or a slower way 

of doing things, as sub-contracting the carbon assessment could free the designers to 

focus on design. However, same applies if the cost estimator would be the one 

performing the assessment. The prototype also would add the benefit on using pre-

made estimation recipes with pre-integrated EPD information, thus enabling carbon 

assessment to be done during the cost estimation with little extra input from the 

estimator after a few estimates. Naturally, at first, new recipes would need to be 

connected to EPDs, but the idea is for the connection to remain from one estimate to 

another.  

In terms of accuracy, the level of detail in the building information models and plans 

affect all three tools, although the updating of the prototype method could be 

significantly easier due to its connection to the budget and thus procurement 

processes. As contracts are made and products chosen, the update can be done with 

less hassle than with a separate material listing.  

The reliability of the three tools and methods is based on the sources of information 

used and the level of detail of planning, thus making the three comparable in this 

aspect. 
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Table 11. Comparison of useability, speed, accuracy, and reliability of the tools tested.44 

 

  

 
44 Diagram by the Author 

Tool of the Ministry of the Environment OneClickLCA Prototype

Does not require cost estimation expertise. Does not require cost estimation expertise. In collaborative delivery methods can be done by the party producing 

and updating the cost estimate, resulting in one less contract in the 

project.

Existing templates for proper climate declaration reduce the time it 

takes to form the document for the building control services.

Existing templates for proper climate declaration reduce the time it 

takes to form the document for the building control services.

Connection to resources used in cost estimation and later in 

procurement, allowing for more streamlined flow of information 

throughout the project.

Possibility to import material list from IFC into the estimation tool. Possibility to import material list from IFC into the estimation tool, 

which can then be supplemented by the cost estimator.

Material quantities can be input in multitude of units, reducing the 

number of manual unit conversions and speeding up the process.

Could work well when design and cost estimation are done by the 

same company, allowing for faster comparison of alternatives both in 

terms of costs and emissions.

Allows for the creation of "groups" to help manage the quantities

Adds more work to designers if done by them. Adds more work to designers if done by them. Requires expertise in quantity and cost estimation as well as at least 

basic level knowledge on the topics of the climate declaration.

Tool of the ministry requires unit conversions to kilograms without 

giving conversion factors, increasing the workload of the assessor.

Adds more work to designers if done by them using this method.

Lack of connection between larger building parts and elements 

increase the manual labor required to ensure that all materials are 

taken into account.

Lack of connection between larger building parts and elements 

increase the manual labor required to ensure that all materials are 

taken into account.

Might have difficulties to be implemented when used in design-bid-

build delivery methods, where the building element level of 

estimation is done only when contractors are estimating their tenders 

and the building permit is already applied for.

The material list may be lacking, as it is reliant on the level of detail 

of the model.

The material list may be lacking, as it is reliant on the level of detail 

of the model.

The material list may be lacking, as it is reliant on the level of detail 

of the model.

Extra work if cost estimation done using other classification system 

than design or if the classification needs to be changed to another to 

present the carbon assessment.

Can be done separate from the cost estimate (by anyone) and thus 

sub-contracted by the responsible parties to allow time to be spent on 

other things, such as design.

Can be done separate from the cost estimate (by anyone) and thus 

sub-contracted by the responsible parties to allow time to be spent on 

other things, such as design.

Going through a resource list that is the result of a quantity 

estimation process may possibly be faster than compiling a separate 

list of materials and going through it.

Faster than the tool of the ministry thanks to the automatic 

conversion from one unit to another.

Possibility that this method will gradually start picking up speed as 

resources in a cost database are connected to EPD database during 

the estimation process, and continue to remain connected when the 

same resource is used in another estimation project.

Search tools make this tool faster than the version provided by the 

Ministry of the Environment.

If unit conversions can be automated using the conversion factors 

provided by the EPDs, then the process will be most likely faster.

Updating of the data post-construction may be faster using a Bill of 

Quantities than a separate material list.

Most likely slower as an individual work phase than when connected 

to quantity and cost estimation.

Most likely slower as an individual work phase than when connected 

to quantity and cost estimation.

Less possibility of buying the climate declaration as a service, unless 

bought as an add-in to bought quantity and cost estimation services.

Updating of data may end up being manual and tedious, as there is 

little connection between building elements and materials (resources) 

and their quantities.

Updating of data may end up being manual and tedious, as there is 

little connection between building elements and materials (resources) 

and their quantities.

Is reliant on the quantity and cost estimation process, which may be 

unfinished by the time of the building permit application.

The need for unit conversions and missing conversion factors slow 

down the time it takes to input quantities significantly.

Pre-existing table values for the other modules of climate declaration. Pre-existing table values for the other modules of climate declaration. Most likely will be easier to update the material list after project 

completion due to connection to Bill of Quantities and thus 

procurement, resulting most likely in a more thorough check-up at the 

end of the project.

Connection between materials and emission data is clear and 

transparent.

Connection between materials and emission data is clear and 

transparent.

If no product is chosen at the time of cost estimation, generic 

information can be used and later replaced by the EPD of the actual 

product chosen. 

Lacks the supplemental information added by the cost estimator, 

possibly resulting in missing materials and information.

Lacks the supplemental information added by the cost estimator, 

possibly resulting in missing materials and information.

No existing templates or table values.

Level of detail of plans can be  inadequate by the time of building 

permit application resulting in assumptions and missing information.

Level of detail of plans can be  inadequate by the time of building 

permit application resulting in assumptions and missing information.

Level of detail of plans can be  inadequate by the time of building 

permit application resulting in assumptions and missing information.

Cross-referencing of initial and final carbon estimate may prove to be 

more difficult than when Bill of Quantities and carbon estimate are 

connected through resources.

Cross-referencing of initial and final carbon estimate may prove to be 

more difficult than when Bill of Quantities and carbon estimate are 

connected through resources.

Is reliant on the expertise and accuracy of the estimator.

Lack of data and sources in the Excel when comparing to private 

application and EPD databases.
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methods use verified EPDs and national emissions databases, 

resulting in similar reliablity of information.

Reliability depends on the source of information used, assuming all 

methods use verified EPDs and national emissions databases, 

resulting in similar reliablity of information.

Reliability depends on the source of information used, assuming all 

methods use verified EPDs and national emissions databases, 

resulting in similar reliablity of information.
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7.0. Discussion 

The update to the Finnish construction law of 1999 and the relevant decrees by the 

Ministry of the Environment are coming to force in 1.1.2025. Aim of the new law is to 

enforce digitalisation and sustainable practises in the Finnish construction industry as 

well as to integrate the law into regulations and directives coming from the European 

Union. The new legislation and its accompanying decrees will create a legal framework 

based on a similar common European Level(s) system that regulates emissions and 

will try to guide the construction industry into a more sustainable way of working.  

According to the decrees on material lists and climate declaration by the Ministry of 

the Environment, the main designer of a construction project will be responsible for 

presenting a material list of the components of the building as well as a climate 

declaration assessing the environmental impacts of the projects before applying for a 

building permit. Both the negative and positive impacts of the project to the 

environment are to be assessed, i.e., the carbon footprint and handprint respectively. 

The positive impacts do not take away from the negative ones and thus the two are 

entirely separate values in the climate declaration. This requirement will cover most 

buildings, including residential buildings, offices, schools, and healthcare buildings. 

Buildings that will not require a climate declaration are few and specific, such as 

summer homes, religious buildings, unheated warehouses, and infrastructure 

buildings. 

The contents of the material list are meant to guide the party responsible for the climate 

declaration to consider all parts of the building. The material list must contain nearly 

all building elements, and a list of materials within those building elements by type and 

origin, i.e., whether the materials are concrete, plastic, ceramic or glass, and whether 

the materials are new, recycled, reused, renewable or hazardous. The few materials 

that can be excluded include site equipment, packaging, IT systems and separate 

nails, screws, and sealants. Up to 5% of the materials that ought to be included, can 

be omitted, if necessary. This is to ease the work of the assessor. 

The Level(s) framework website provides interested parties with a tool with which they 

can produce a material list. This tool was tested during the writing of this thesis, 

although it lacks the necessary components to assess the environmental impacts of 

the materials required by the decree on climate declaration.  
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The decree on climate declaration covers the methodology and information sources 

to be used when assessing the environmental impact of a construction project over 

the life span of usually 50 years. As previously mentioned, the climate declaration 

should be based on the material list produced and must be given to the Building 

Control authorities when applying for a building permit. Furthermore, if there are 

changes to the composition of the material list during the construction an updated 

material list and climate declaration must be presented at the end of the project. The 

manager on the site is responsible for keeping tabs on any changes to materials 

between design and handover. All data must be presented in either a building 

information model (BIM) or other “machine readable” format, i.e., Excel or similar.  

The climate declaration assesses the global warming potential (GWP) of the project. 

The GWP is measured in units of kg CO2e. The assessment is divided into different 

modules based on the life cycle stages of a product. The first three modules, A1-A3, 

cover the emissions caused by the extraction of raw materials, transport of the raw 

materials to the production site and actual manufacturing of the product. The 

information regarding these emissions can either be found in product specific 

Environmental Product Declarations (EPDs) made using the EN 15804:A2 standard, 

or by sourcing generic data from a national emissions database such as 

www.co2data.fi. Modules A4 and A5 correspond to the transport of the material to the 

construction site and site operations respectively. These can be estimated using table 

values given by the Ministry of the Environment or more accurately using site specific 

distances and fuel consumption for example, if the estimator so chooses to do so. The 

more accurate estimates will require proof and source materials to be submitted along 

with the climate declaration to the Building Control.  

Modules B1-B3 that cover product use, maintenance and repair can be excluded from 

the climate declaration as they are deemed to either have only minimal impact on 

emissions or too difficult to forecast. Module B4, product replacement, will be included 

in the assessment. Replacements can be forecast relatively easily based on the 

lifespan of the product installed. Module B5, refurbishments, is also excluded as these 

kinds of projects will either be so large-scale that they will be considered their separate 

renovation project that need their own climate declaration and building permit, or too 

difficult to forecast during early design phase. Modules B7 and B8 covering operational 
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water use and user activities are also excluded due to same reasons of minimal impact 

and difficulty of forecasting. 

Lastly, modules C1-C4 covering demolition, transport, processing, and disposal of 

waste are included but are permitted to be estimated using table values provided by 

the Ministry of the Environment. Module D covers the carbon handprint of the building, 

i.e., the positive effect the building has on the climate by means of carbon capturing 

and use of renewable energy sources, for example. 

In addition to the modules corresponding to life cycle phases, the climate declaration 

must be divided into two parts: The site and the building. The GWP must be stated in 

kg CO2e/m2/a and in total kg CO2e for the 50 year assessment period. 

There are no benchmarks or thresholds yet, although they will be implemented in the 

future by another decree by the State Council.  

To assist in the production of a material list and climate declaration, the Ministry of the 

Environment has provided a free emissions database, www.co2data.fi, and an Excel-

based estimation tool that can be used by anyone. There are also private applications 

on the market for the specific purpose of making a material list and climate 

declarations, such as the Finnish OneClickLCA. Both tools were tested for purposes 

of this study using a single-family house to benchmark the two tools against the 

possibility of making the material list and climate declaration as a part of the quantity 

and cost estimation process, the feasibility of which was the topic of this thesis.  

Both tools had many positive aspects, such as integrated emissions data and/or EPD 

search tools, as well as ready-made table value calculators and reports for Building 

Control. What was somewhat lacking was the connection between building elements 

and materials and the process with which to produce the material list. In addition, the 

reliability of the material list generated by a designer has been questioned in some 

cases. This criticism arises mainly due to the nature of construction projects: The Level 

of Detail (LOD) of the designs and BIM in the early phases of design, and the 

procurement processes that happen late in the design process or even during the 

construction phase. As discussed in the chapter 3.4.3. discussing project delivery 

methods, the LOD in the BIM of the building may be insufficient to consider all the 

materials that are going to be installed. During early design phases and before the 

building permit application, the current Common BIM Requirements do not require the 
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designers to model surfaces or consider different methods of construction. These are 

items that the cost estimator, however, must consider or the budget of the project will 

be too small. The added oversight caused by the connection to budget would support 

doing the climate declaration at the same time as cost estimation. However, the choice 

of delivery method may influence the phase of the project where the cost estimation 

is done using the methods described in chapter 4.2., i.e., using building elements, 

activities, and resources. For some clients, a more generalised estimate done using 

€/m2 values or space designated costs may be sufficient to establish a budget, thus 

negating the need for such an accurate cost estimate at the time of building permit 

application.  

By connecting building elements, activities and especially resources into suitable 

emissions data, the updating and checking of the lists generated may prove to be less 

difficult at the end of the project as procurement could keep tabs on the Bill of 

Quantities and correct any changes as they procure the services and building parts. 

By integrating a cost estimation software and the resources contained within to an 

EPD platform or database, the cost estimator could connect resources to EPD using 

for example a drop-down menu and the information contained within the EPD file could 

be transferred into the cost estimate. This connection could also remain in-place inside 

the software for faster carbon calculations in following projects. One of the main 

obstacles when using especially the tool provided by the Ministry of the Environment 

was the need for unit conversions into kilograms from square meters, cubic meters 

and so on. Most EPDs examined for this thesis contained one or more conversion 

factors, which when digitalised and integrated into the cost estimate could automate 

most of the unit conversions, thus speeding up the entire process of producing the 

climate declaration.  

7.1. Comparison of Results 

This chapter looks at the research questions posed in the beginning of the study and 

whether the questions were answered.  

Is it feasible to perform carbon footprint estimation simultaneously with quantity 

and cost estimation? 

Yes. There are no significant obstacles to performing carbon footprint estimation 

simultaneously with quantity and cost estimation. The proposed method described in 
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chapter 5.0 and in Appendix 3 is possible to implement. The information that the 

material list and climate declaration decrees demand is usually contained within 

product specific EPDs or the national emissions database. Some EPD databases, 

such as ECO Portal, have modern, accessible interfaces, meaning that information 

can be moved between various software. There are no obvious hindrances caused by 

the legislation or decrees either, as the format in which the information must be 

delivered to the Building Control seems to be very loosely defined. The two tools tested 

provide significantly different outputs, the tool of the Ministry of the Environment being 

an Excel-file while OneClickLCA is browser-based and prints PDF reports. “Machine 

readable format” seems to be the only prerequisite for the submissions.  

How could Building Element-Activity-Resource -based estimation recipes be 

enhanced to withhold carbon emission data as well? 

This has been illustrated in chapter 5.0. in Figure 36. The resources used in cost 

estimation recipes introduced in chapter 4.2. would be the most logical units to be 

connected to EPD data as resources represent individual materials, such as gypsum 

boards and paints. If no specific product and thus EPD is known at the time of the 

assessment, the resource could be connected to the generic emissions data in the 

national emissions database. Life cycle modules that can be estimated using table 

values such as A4 and A5, transports and site operations, could be, but do not need 

to be, connected to resources. 

How does the presented method of CO2 footprint estimation compare to other 

methods? 

The full assessment can be found in Table 11 in chapter 6.0., and as Appendix 9. All 

tools have their pros and cons, although the prototype developed seems to have more 

pros in terms of useability, accuracy and speed than performing carbon assessment 

separately from quantity and cost estimation. The downsides of the prototype are 

caused by processes external to the estimation, such as low level of detail and lack of 

need for recipes-based cost estimation in the very early phases of the project. The 

reliability of the three tools and methods is based on the sources of information used 

and the level of detail of planning, thus making the three comparable in this aspect. 

The major benefits of the prototype developed are the easier updateability during and 
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after construction, as well as better oversight due to the carbon assessment being tied 

to the budget of the project. 

8.0. Conclusions 

This study aimed to identify whether simultaneous carbon, quantity and cost 

estimation was feasible. Based on the thorough literature review and analysis of the 

tools currently available, there are no significant obstacles to performing such a 

simultaneous action, provided that the project phasing and level of detail of the design 

permit it. The results indicate a potential for merging of these three tasks. This is 

especially the case when taking to account the ease at which a budget based on a Bill 

of Quantities can be updated during the procurement process compared to a separate 

material list generated from a design software, possibly without cost data. The actions 

taken by a cost estimator to fill in the gaps of the design in cases such as missing 

information on surfaces and production methods can significantly alter the CO2 

footprint estimated during the process of climate declaration production.  

According to the data gathered for this thesis, the climate declaration of a building 

must contain the emissions and emissions savings from the manufacturing, use and 

disposal phases. Some data, such as the emissions from the site operations during 

construction or the energy use data from building operation are derived from tables or 

estimated using aggregated data gathered from operating similar buildings in the past. 

Unlike the site operations and use examples, the emissions data for the materials used 

in the construction project must be listed in much greater detail with each building part 

and individual material contained within the building parts listed individually with their 

individual global warming potential stated. The decree on the material list also states 

that all materials must be sorted by type and origin. As stated earlier in chapter 3.5.4. 

discussing the reliability of the climate declaration, only 5% of emissions and energy 

use can be neglected. Other than the allocated 5%, an accurate GWP in kg CO2e of 

the defined product or a reasonable generic supplement must be given. For example, 

in a gypsum board wall, both the gypsum boards, the frame parts and the insulation 

within must all be quantified, and their emissions estimated. To come back to the first 

paragraph of this chapter, these are things that an experienced cost estimator can 

consider without the frame, or the insulation modelled.  
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Sources for the building parts’ emissions can vary, but mainly Environmental Product 

Declarations or the national www.co2data.fi database should be used. If neither 

source has the data required, then third-party emissions sources will also be permitted. 

A common way of estimating quantities and costs in building projects is to use the 

building element-activity-resource style of estimation. This method assists in creating 

a list of materials needed for the various building parts, especially if the same material 

is used in multiple building elements, such as gypsum for walls and suspended 

ceilings.  

The climate declaration must be done before the application for the building permit, 

but also in the end of the building project whenever there have been changes to the 

building plans during the construction phase. As anyone who has worked in 

construction knows, changes to designs are practically inevitable. 

In conclusion, the legal framework, and the data available online seem to point in the 

direction that simultaneously performing quantity, cost and carbon estimation could be 

viable and more efficient than performing carbon estimation separately from the other 

two tasks. Both connecting materials from a BoQ into the EPDs and updating the 

climate declaration at the end of the project seem easier done using a list that is used 

during the construction phase, i.e., when procuring materials and sub-contracts. The 

BoQ and thus climate declaration could be updated from the draft stage into as-built 

simultaneously as the procurement process progresses, especially when comparing 

the ease at which a budget based on a Bill of Quantities can be updated when 

procurement occurs compared to a separate material list generated from a design 

software with no costs or connection to activities on the site. In addition, actions taken 

by a cost estimator to fill in the gaps of the design in cases such as missing information 

on surfaces and production methods may significantly alter the CO2 footprint estimated 

during the process of climate declaration production.   

Unfortunately, the level of detail of plans during the building permit phase and the 

differences in project delivery methods may hinder the quantity and cost estimation 

process required for the carbon assessment prototype to work. However, it must be 

stated that a climate declaration based on material quantities extracted directly from a 

low-level building information model will most likely be even less reliable than a climate 

declaration made using even just a building-element level cost estimate, where the 
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activities and resources are still present in their generic recipes and forms, and no 

exact product to be installed on the site is known. The generic data could easily be 

replaced to product data later. 

Without thresholds, the parties generating climate declarations will have a hard time 

telling whether their buildings are sustainable or not. The first years after the 

implementation of the new construction law will focus on collecting and aggregating 

data to help set the thresholds for future climate declarations.  

One thing to note from the author’s point of view is that while the climate declaration 

templates all talk about the classification format of Building2000, most cost estimation 

is still done today using the Building80 classification system. This statement is based 

on over four years of cost estimation lecturing and software consulting done by the 

author in over a hundred construction companies around Finland. Only twice during 

this time has there been a case where cost estimates have been done using 

Building2000. This discrepancy may require additional inputs from the software 

developer who chooses to start working on a possible product, meaning that someone 

will need to convert the cost groups in Building80 match with Building2000, unless the 

Building Control will take the climate declaration in the older classification system 

format. Nevertheless, as both classification systems are used to describe parts of the 

same building, they contain the same information if in a little different format and this 

will most likely not be a major issue.   

Based on the findings of this study, it is likely that the company behind this thesis 

assignment will continue looking into the topic of integrating quantity, cost and carbon 

estimation as the results seem promising and the obstacles do not seem impossible. 

Future studies on the topic could address the differences between the various delivery 

methods and the willingness of the client or developers’ side to begin more exact cost 

estimation process earlier in the project. With the advent of alliancing and similar 

cooperation methods, the industry seems to be more open to discussion, onboarding 

their contractors earlier, and opening their books more often to other stakeholders. All 

these trends will play a role in furthering the feasibility of more accurate and most of 

all, simultaneous, quantity, cost, and carbon estimation.  
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