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Wood in carbon efficienct construction 
Results from an European research project €CO2 

1. What is carbon efficiency? 

Efficiency can be defined as the ratio of output to input. Carbon efficiency in construction 

could thus be understood for example as the ratio of 1m2 or 1m3 of a building to its car-

bon footprint.  

Efficiency can be improved by either adding the outputs while inputs remain the same or 

decreasing the inputs while output remains the same – or by applying both measures at 

the same time. Therefore if the goal would be to improve the carbon efficiency of build-

ings, options are to increase the amount of m2 of m3 of buildings with same amount of 

carbon footprint or to decrease the carbon footprint per the production of m2 of m3 of a 

building. 

1.1. Why is carbon efficiency important? 

The time is getting short for combating the climate change. Greenhouse gas emissions 

continue to grow, regardless of international efforts. At thecurrent rate of emissionsthe 

rise of average temperature may be as high as 4…6°Ci. Main reason for this is the in-

creasing amount of antropogenic greenhouse gas emissions. 

According to the Energy Performance of Buildings Directiveii, after 2020 all new public 

and residential buildings within the European Union shall be near zero energy class. A 

zero energy building produces on an annual level the same amount of energy that it con-

sumes. Even though the exact definition of “near” in front of “zero energy” will be made 

by member states, the energy efficiency of new buildings will increase significantly. As 

buildings will become more energy efficient, the focus for reducing their carbon footprint 

starts to shift from operative energy use into other phases of buildings life cycle. 

2. Background of the research 

Wood in carbon efficienct construction – or €CO2 – has been a WoodWisdom-Net research 

project. It started in the end of 2010 and was finished in March 2013. The project 

brought together 19research institutes and woodworking companies from Austria, Finland, 

Germany, Italy and Sweden.Main supporter of the project has been CEI-Bois.  

The goals of the project were 

1. to create a holistic understanding of carbon efficiency in the full life-cycle of a building, 

2. to define the technical potential and obstacles for the use of wood in carbon efficient 

construction,  

3. to develop practical solutions for calculating and optimising the carbon footprint of 

different wood construction systems, and  

4. to disseminate the scientific results efficiently to relevant stakeholders, including e.g. 

authorities, regulation developers and construction industry.  

In the €CO2 project the focus has been on two environmenal indicators: greenhouse gas 

emissions (or carbon footprint) and primary energy demand. They were seen to be of 

significant importance in climate change mitigation. 

The research work consisted of analysing the greenhouse gas balances and primary 

energy demand over building´s life cycle, detailed study of the production process of 

wooden construction products, development of ICT tools for evaluation of buildings with 

common data, practical principles for the design and construction of carbon efficient 

wooden buildings, and study of moisture safety of low carbon wooden buildings. Existing 

and drafted standards for the environmental assessment of products and buildings were 

studied as well. 
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Several factory visits and evaluations were carried out in the project. In addition, the 

primary energy demand and carbon footprint of 9 buildings from different countries were 

calculated. 

3. Key findings 

3.1. Environmental assessment of buildings 

In order to understand the environmental benefit of wooden construction systems, the 

full life cycle of the building should be taken into account in the evaluation. System 

boundaries should be wide enough so that all significant parts are included. However, 

simplified system boundaries are needed for practical calculations. Such are essential for 

designers and building permission authorities, who are not familiar with life cycle as-

sessment methods and tools.  

One of the challenges of the project was to determine which parts of the building would 

be practical to assess. From the full range of assessed building elements that the Euro-

pean norm for the assessment of environmental performance of buildings (EN 15978-

2012) suggests, a focused selection was made (illustration below). This limited system 

boundary is chosen based on the practical availability of data in the design phase of 

buildings. Many of the categories available in the standard, such as the amount of scaf-

folding or workers barracks, cannot be known at the design phase yet. 

 

It is important to understand that there may be country-specific differences that affect 

holistic carbon footprint calculations. Different climates lead into different heating and 

cooling needs of buildings. Different energy mixes result into differing greenhouse gas 

emissions from production and use phases of buildings. Therefore country-specific data 

should be made available for environmental assessors.  
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3.2. Environmental assessment during the design process 

Decisions that affect the carbon footprint of a building are done in various parts of the 

design process. Based on the results of the project, a clear majority of these decisions 

are made at early stages: strategic planning, project preparation and conceptual design. 

Later it may be difficult to turn the course. A particular problem is that in early design 

stages there is not enough information for assessing the carbon footprint of the alterna-

tive design options. Later as bills of quantities are made the design is on an advanced 

level and changes become rather costly.  

 

Therefore a new design process is needed, if the carbonfootprint or primary energy de-

mand are planned to be kept on a controlled level. The process is role-based, i.e. respon-

sibilities are assigned to key stakeholders (owner, project manager, architect, structural 

engineer, HVAC engineer) through the stages of the design phase. A map of tasks has 

been created. However, there is always variation in design projects. No assessment 

model that would be universial. Rather, the model exemplifies what actions are required. 

The project leader should study these requirements and adapt them into the project at hand. 

 

Based on interviews of designers and evaluation of the process, it seems that three 

milestones for assessing the carbon footprint can be positioned: 1) carbon footprint as 

required, 2) carbon footprint as designed and 3) carbon footprint as built. Milestone 1 is 

set during the strategic planning phase and it needs to be adapted to the preconditions of 

the city plan. Milestone 2 can be reached in the working drawing stage. Milestone 3 is at 

the hand-out stage. The carbon footprint assessment may differ between the conceptual 

design of the building and milestones 2 and 3, because accumulation of more exact in-

formation of the used materials. Therefore more research is needed to bridge the gaps 

between these phases. 

3.3. Environmental impacts of building parts and construction  

The carbon footprint and primary energy demand of foundations and site works seems to 

be most dominant on average, as can be seen from the following graph.These impacts 

usually decrease when the site density is increased, especially when higher buildings are 

built.Therefore city planning in practice either enables or disables possibilities for reaching 

a low carbon footprint for a building. The city plan assigns the sites – that may require 

piling – and also states if an underground basement should be built.  
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External walls and intermediate floors seem to 

have the second largest average dominance to 

the carbon footprint of the building. Small de-

sign choices were found to have a relative 

large impact as well. For example, the cladding 

of a part of the wall of a wooden passive house 

with cement fibre boards became accountable 

for 44% of the carbon footprint of the external 

walls. 

 

On detail level, the production of solar panels 

was found to have high carbon footprint and 

primary demand as well, and also limited tech-

nical service life. The net effects of solar panels 

depend on which form of energy they can 

substitute. The role of building services in near 

zero energy buildings would therefore have to 

be re-evaluated in the light of the payback 

times of greenhouse gas emissions. 

 

The carbon footprint and primary energy demand from the building activities were found 

to be of lesser magnitude than those arising from the production of construction mate-

rials. Both prefabrication and onsite construction of massive timber houses was com-

pared in the project. There were no major differences, although there is a slight favour 

for prefabricated buildings. Large case-specific differences can still be expected. For ex-

ample, a house that will be built during cold periods would require heating while under 

construction. The energy efficiency of this heating period is likely to be significantly 

weaker than in the finished building. Also if prefabricated elements are produced during 

cold periods in insufficiently insulated factory halls, the emissions that are caused during 

that period and allocated to the manufactured products are higher. 

4. Conclusions 

The €CO2 project reinforced the understanding that wood-framed buildings have lowest 

carbon footprint and primary energy demand of industrially produced buildings in Euro-

pean context.  

To ensure that buildings will become more carbon efficient, focus is needed along the 

construction and manufacturing chains. Designers need reference values for carbon foot-

print per chosen functional unit of the building and also practical tools for the iterative 

assessment during their work. Building authorities need measures for controlling and 

supervising a carbon efficient construction process. Construction companies need under-

standing for selecting environmentally friendly products. Thus the demand for environ-

mental product declarations is likely to increase in the near future. 

 

                                           
i  Potsdam Institute for Climate Impact Research and Climate Analytics: Turn Down the Heat.  

Why a 4°C Warmer World Must be Avoided. 2012. 
ii Directive 2012/27/EU on energy efficiency. 


