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Summary

I

ncreasing the use of wood material
in construction is a potential option
for reducing net carbon dioxide (CO 2 )
emission because of the relatively low
energy needed to manufacture wood
products compared with alternative
materials, the increased availability
of potential biofuels from wood
byproducts, and the storage of carbon
in wood building materials. In this study
we compare the net CO 2 emission over
the lifecycle of materials in functionally
equivalent buildings constructed with
concrete and wood frames. Carbon
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Figure 1. Building in the Wälludden project in
Växjö, Sweden

Figure 2a. Group of wood-frame multi-storey
apartment buildings in the Viikki area of
Helsinki, Finland

accounting includes emissions from fossil
fuel use during building material production,
the replacement of fossil fuels by biomass
residues from logging, wood processing,
construction and demolition, carbon stock
changes in forests and buildings, and cement
process reactions. CO 2 emission from onsite construction and on-going maintenance
and operation are not considered, and are
not expected to differ between buildings
of different frame materials. The results
show that wood-framed construction
requires less energy, and emits less CO 2
to the atmosphere, than concrete-framed
construction. Replacement of fossil fuels by
recovered biofuels contributes significantly
to the lower net CO 2 emission of wood-frame
buildings. We conclude that the use of
wood building material instead of concrete,
coupled with the greater integration of wood
by-products into energy systems, would be
an effective means of reducing fossil fuel use
and net CO 2 emission to the atmosphere.

Figure 2b. Building in the Viikki area of Helsinki, Finland

Methodology
Case study buildings
The functional unit in this study is the physical

70 % recovery of logging residues (branches and

enclosure provided by a multi-storey apartment

treetops), 100 % recovery of wood processing residues

building during its 100-year lifespan. We compare two

(bark, sawdust and slabs) not used for particleboard

wood-framed buildings to two hypothetical buildings

manufacture and fuel for internal processing operations,

of identical size and functionality constructed with

100 % recovery of wood construction waste, and 90 %

concrete frames. We define the baseline as the net

recovery of wood demolition material (Figure 3). Biomass

CO 2 emission from the concrete-framed versions. The

expansion factors for the dominant tree species in

energy use and carbon emission resulting from on-site

Sweden and Finland (Lehtonen et al. 2004) are used

construction, maintenance and operation of the buildings

to determine quantities of stemwood, bark, branches,

are assumed not to differ between the concrete- and

etc. Non-recovered logging residue and demolition

wood-framed buildings (Cole and Kernan 1996).

wood are assumed to decompose aerobically.

One of the buildings is in the Wälludden project

We assume that the recovered biofuels replace coal. The

constructed in Växjö, Sweden, and is a 4-storey building

CO 2 that would have been emitted during the entire fuel

containing 16 apartments with a total usable floor area

cycle of the replaced coal is calculated, using appropriate

of 1190 m (Figure 1). The other building is one of a

emission and combustion efficiency conversion factors to

group of seven buildings with 2 to 4 storeys built in the

relate the heat value of the biofuel to the avoided fossil CO 2

Viikki ecological area in Helsinki, Finland, and contains

emission. Replacement of natural gas by recovered biofuels

21 apartments with a total usable floor area of 1175 m 2

is included in the full report (Gustavsson et al. 2005).

2

(Figure 2). The materials required to construct wood-

The recovery and transportation of biomass

framed and concrete-framed versions of the two buildings

fuels is assumed to use diesel fuel, quantified as a

were calculated (Adalberth 2000, Perälä 2004), and

percentage of the heat energy content of the biomass:

amounts of selected materials are shown in Table 1.

1 % of the heat content of the sawmill residue,
5 % of the logging residue (Börjesson 1996), and
1 % of the construction and demolition waste.

Table 1. Comparison of amounts of selected materials
(tonnes) contained in the case study buildings.

Wälludden
Material
Lumber
Particleboard
Plywood
Concrete
Plasterboard

Frame

Wood
59
18
21
223
89

Concrete
33
17
20
1352
25

Changes in carbon stock in wood building materials

Viikki
Wood
103
27
15
190
139

Concrete
23
9
0
2 014
22

and in forest biomass are calculated. It is assumed that
the forest harvested when the building is constructed has
completely re-grown by the end of the building lifecycle,
consistent with Nordic forestry practice using an average
100-year rotation period. The carbon locked up in the
wood building materials is assumed to be released at
demolition through burning and decomposition. Thus, the
net carbon stock is unchanged between the beginning
and end of the lifecycle: the forest that is cut when the

Energy and CO2 accounting
Final-use energy needed to produce the building

building is constructed re-grows by the end of the building
lifecycle, and carbon sequestered in wooden building
materials at construction is released at demolition.

materials is based on Fossdal (1995). We assume the end-

However, carbon stock in wood products is permanent

use fossil fuel used in material production is petroleum.

as long as the wood frame building, at the end of its

Primary energy use for electricity supply is based on a

life, is replaced by another building with equal carbon

coal-fired condensing plant with a conversion efficiency
of 40 % and distribution loss of 2 %. Natural gas-fired
generation is also considered in the full report (Gustavsson
et al. 2005). Variation of material processing energy, and
its impact on carbon balance of wood substitution, is
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addressed by Gustavsson and Sathre (2005). Specific fullfuel-cycle carbon emission from fossil fuel use is 22 g C / MJ
petroleum and 30 g C/MJ coal (Gustavsson et al. 1995).
The amount of biofuel available per unit of wood
construction material is calculated from tree characteristics
and material conversion efficiencies, and assumed
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Figure 3. Schematic flow chart of wood materials during the
building lifecycle.

Results
Primary energy use
content. Hence, the carbon stock change occurs only
once, at the time when wood first replaces concrete.
The same amount of forestland is assumed available

Based on total material mass inputs for the
buildings, specific end-use energy use data for
the manufacture and transportation of building

regardless of the frame material. This amount is the

materials, and data on fuel cycle, conversion and

forest area required to produce the lumber, plywood

distribution losses, we calculated the total primary

and particleboard used in the wood-frame building.

energy used for material production of the buildings

Less wood is used in the concrete-framed building,

(Figure 4). Biofuels shown are those used internally

so some of the available forest is not used for building

in the lumber production process for kiln drying.

materials. We assume the carbon stock in this
surplus forest does not change during the life span
of the building, as the forest stand will have reached

Biofuel production

equilibrium where natural death and decay equals new

Quantities of biofuels derived from forest

growth. An increase in biomass of the surplus forest,

harvesting, wood-product manufacture, building

and harvesting the surplus forest for bioenergy, are

construction and building demolition are shown

considered in the full report (Gustavsson et al. 2005).

in Figure 5. For comparison, the heat value of

CO 2 released by calcination reactions during

the sawmill residue used to make particleboard

Portland cement manufacture was taken into account,

is also shown. The biofuels shown are available

and we assumed that part of this CO 2 was re-fixed by

for external use and do not include the

carbonation reactions during the building lifecycle.

biomass used internally, shown in Figure 4.
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Figure 6a. Net CO 2 emission during year of construction of the
Wälludden building.

Wood frame

Concrete frame

Viikki

Figure 5. Production of biofuels derived from wood byproducts
of the Wälludden and Viikki buildings with wood and concrete
frames. For comparison, the heat value of sawmill residue used
to make particleboard is also shown.
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Figure 4. Primary energy use for production and transportation
of building materials for the Wälludden and Viikki buildings with
wood and concrete frames, divided into end-use electricity (1),
end-use fossil fuels (2), and end-use biofuels (3).
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Figure 6b. Net CO 2 emission during year of construction of the
Viikki building.
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Net CO2 emission
at year of construction
The net CO 2 emission at the year of construction

carbon emissions, with negative emissions of

includes emissions from fossil fuel used for

46 – 83 tonnes. The concrete-framed buildings have

production of the materials, process reactions

positive net carbon emissions because of higher

from cement manufacture, substitution of

emission during material manufacture and less

fossil fuel by forest and sawmill residues and

replacement of fossil fuel by recovered biofuels.

construction waste, and carbon stock changes
due to the cutting of the forest and construction

Building with wood instead of concrete results in

of the buildings. Net CO 2 emission is positive in all

a lifecycle emission reduction of 69 tC and 157 tC for

cases. The total net CO 2 emission is slightly lower

the Wälludden and Viikki buildings, respectively. Per

when the Wälludden building is built with a wood

service unit of usable floor area, this is 0.058 tC /m 2

frame, and when the Viikki building is built with a

and 0.13 tC /m 2, respectively. Per unit of dry biomass

concrete frame, due to the different proportional

used (including construction material and recovered

use of concrete and wood in the two buildings.

logging and processing residues), this is 0.86 t C / t
biomass and 0.63 tC / t biomass, respectively.

Net CO2 emission for 100-year lifecycle
Net CO 2 emission for the 100-year lifecycle

Carbon sequestration in wood products

of the buildings includes all the emissions from

In Table 2 the carbon sequestration in wood

the year of construction, plus re-growth of the

products (i. e. the difference in carbon stock of the

forest, uptake of CO 2 by cement carbonation,

wood- and concrete-framed buildings) is compared

demolition of the buildings, and replacement of

to the fossil fuel and cement process emission

fossil fuel by wood-based demolition waste.

changes. The carbon stock of wood products in the
building is of minor importance to the lifecycle net

Figure 7 shows the lifecycle net CO 2 emission

CO 2 emission. During a building’s life span the stock

for the Wälludden and Viikki buildings. The

could be significant, but over the complete lifecycle

wood-framed buildings have the lowest lifecycle

the change in carbon stock will be about zero.

Table 2.
Net CO 2 emissions from
fossil fuels, cement reactions
and carbon stock changes
(in tonnes of C) of the woodframed and concrete-framed
versions of the Wälludden
and Viikki buildings. Surplus
forest in concrete-framed
case is not included.
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Type of net CO2 emission
Net fossil fuel emission
Fossil fuel use in material production
Fossil fuel replacement by biofuel
Emission from cement reactions
Carbon stock in building materials

Net CO2 Emission [t C]
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stock
reactions for fossil fuel stock
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Total

Figure 7a. Lifecycle net CO 2 emission for the Wälludden
building.
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Wood
(W)
-49.9
51.3
-101.2
4.0
-40.3
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Concrete Difference
(C)
(W– C)
1.7
-51.6
67.7
-16.4
-66.0
-35.2
21.0
-17.0
-28.2
-12.0

Viikki
Wood
(W)
-85.7
62.6
-148.3
2.9
-59.5

Concrete Difference
(W– C)
(C)
-129.0
43.3
-9.9
72.4
-119.2
-29.1
-27.6
30.4
-46.3
-13.1

Net CO2 Emission [t C]

Wood frame
Concrete frame
Fossil fuel
for material
production

Forest Building
Biomass
Cement
stock
reactions for fossil fuel stock
replacement change change

Figure 7b. Lifecycle net CO 2 emission for the Viikki
building.

Total
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Uncertainties
The results of this study are subject

Conclusions
The results show that the production of materials

to a number of uncertainties:

for wood-framed construction requires less

■ The quantities and types of materials used will

energy, and emits less CO 2 to the atmosphere,

vary with each building type and design.

than the production of materials for concrete

■ Primary energy use in material production varies

construction. Furthermore, this study shows

with time, place, and process technology.

the importance that fossil fuel replacement has

■ The carbon intensity of energy supply will affect

on total net CO 2 emission. Over the lifecycle of

the net CO 2 emission.

wood-framed buildings, the recoverable amounts

■ The percentage of total biomass residue that is

of logging, wood processing, construction and

recovered, and the carbon intensity of the fossil fuel

demolition residues is greater than the fossil

replaced by the recovered biofuel, will affect the net

energy inputs to material production, leading to

CO 2 emission.

negative net CO 2 emission. The CO 2 advantage of

■ The decomposition dynamics of unburned

wood over concrete construction thus depends

biomass, such as roots, stumps and unrecovered

strongly on the percentage of biomass residues

demolition wood in landfills is variable and not well

recovered for fossil fuel substitution. The CO 2

known.

advantage of wood-framed buildings becomes
more favourable when fossil fuels of higher

Nevertheless, Gustavsson et al. (2005) and

carbon intensity are replaced. The carbon stock

Gustavsson and Sathre (2004) varied several of these

of wood products in the building is of minor

uncertain parameters and found wood-frame building

importance to the lifecycle net CO 2 emission.

construction to generally have lower lifecycle primary

This study suggests that a net reduction of

energy use and CO 2 emission compared to concrete-

CO 2 emission can be obtained by increasing

frame buildings. These results also corroborate other

the proportion of wood-based materials used

studies reaching similar conclusions (e. g. Buchanan

in building construction relative to concrete

and Levine 1999, Pingoud and Perälä 2000, Scharai-

materials, coupled with the greater integration

Rad and Welling 2002, Lippke et al. 2004).

of wood by-products into energy systems.
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IEA Bioenergy Task 38 brings together the work

IEA Bioenergy (www.ieabioenergy.com) is an

of national programs in 13 participating countries on

international collaborative agreement, set up in 1978

GHG Balances for a wide range of biomass systems,

by the International Energy Agency ( IEA ) to improve

bioenergy technologies and terrestrial carbon

international cooperation and information exchange

sequestration. As one example of work, case studies

between national bioenergy research, development

have been conducted by applying the standard

and demonstration ( RD & D ) programs. IEA

methodology developed by the Task 38. The case

Bioenergy aims to realize the use of environmentally

studies have assessed and compared GHG balances

sound and cost-competitive bioenergy on a sus-

of different bioenergy and carbon sequestration

tainable basis, thereby providing a substantial

projects in the participating countries, and the

contribution to meeting future energy demands.

Finnish and Swedish case study is one example.
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