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Meta-analysis of greenhouse gas displacement factors of
wood product substitution

Roger Sathre a,*, Jennifer O’Connor b

aEcotechnology, Mid Sweden University, 83125 Östersund, Sweden
b FPInnovations-Forintek, Vancouver, BC, Canada V6T 1W5

1. Introduction

The forest sector can play an important role in climate change
mitigation. The portfolio of forest-related mitigation activities

includes afforestation, reducing deforestation, maintaining or
increasing carbon stocks in forests, and using sustainable
forest harvests to substitute for GHG-intensive fuels and
materials. The role of sustainably managed forests in the
global GHG balance is properly considered over a long time
span, recognizing the cyclical carbon flows between the
atmosphere, trees, soil and wood products, and including
the avoided emissions when wood is used in place of other
materials or fuels.

The atmospheric carbon removed by growing trees is
stored in several reservoirs or ‘‘pools.’’ There is carbon in the

living tree biomass, carbon in the soil due to decaying biomass
on and in the forest floor, and carbon transferred out of the
forest but still residing in various types of products made of
paper and wood. When a tree is cut and the wood used to make

products, this is not a carbon emission but a carbon transfer
from one pool (the forest) to another (the products). However,
these carbon pools are transitory, as the carbon will cycle
between the pools over time spans of days to centuries, and
will eventually return to the atmosphere. After returning to
the atmosphere, the carbon is reabsorbed by growing trees and
the cycle carries on. Over the long term, in a sustainably
managed forest, the carbon pool within the forest remains
relatively stable. Land use changes such as afforestation or
deforestation would, however, lead to changes in the overall
forest carbon pool. The carbon pool representing the stock of
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a b s t r a c t

A displacement factor can express the efficiency of using biomass to reduce net greenhouse

gas (GHG) emission, by quantifying the amount of emission reduction achieved per unit of

wood use. Here we integrate data from 21 different international studies in a meta-analysis

of the displacement factors of wood products substituted in place of non-wood materials.

We calculate the displacement factors in consistent units of tons of carbon (tC) of emission

reduction per tC in wood product. The displacement factors range from a low of !2.3 to a

high of 15, with most lying in the range of 1.0 to 3.0. The average displacement factor value is

2.1, meaning that for each tC in wood products substituted in place of non-wood products,

there occurs an average GHG emission reduction of approximately 2.1 tC. Expressed in other

units, this value corresponds to roughly 3.9 t CO2 eq emission reduction per ton of dry wood

used. The few cases of negative displacement factors are the result of worst-case scenarios

that are unrealistic in current practice. This meta-analysis quantifies the range of GHG

benefits of wood substitution, and provides a clear climate rationale for increasing wood

substitution in place of other products, provided that forests are sustainably managed and

that wood residues are used responsibly.
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ENVIRONMENTAL 
IMPACT OF 
MATERIALS

• Operational energy greatly
reduced in new buildings

• More energy used for 
material production than for 
120 years of space heating

• Focus on Life Cycle Analysis

• Focus on Timber Buildings 



OUR FUTURE CITIES 
TRANSFORMATION

URBAN METABOLISME, FROM CO2 PRODUCTION TIL CO2 STORAGE

+	200	KG	CO2/M3 -1000	KG	CO2/M3+/- 0	KG	CO2/M3
CONCRETE WOODHYBRID



WOOD BUILDINGS IN THE CITY

• EASIER TO ACCESS WITH 
LIGHTER ELEMENTS IN THE 
DENSE CITY

• “SILENT” BUILDING SITES
• 5-10 TIMES LESS 

TRANSPORT 
• PRECISE AND FAST 

BUILDING METHOD
• LIGHT WEIGHT  (IN-FILLS 

AND ON-FILLS ON EXISTING 
BUILDINGS AND POROUS 
UNDERGROUND

”Here,	we stored
thousands of	
tonnes of	CO2,-
instead of	
emitting it	to	the	
atmosphere..”



NORDIC MODEL FOR BIOBASED, CLIMATE 
NEUTRAL & CIRCULAR ECONONY

Forrests remove CO2
from atmosphere

Sustainable
forestry

Sustainable
production

Sustainable
buildings

Circular
economy

50 years 100 years 100 yearsCO2 sequestration:

’Carbon Capture’ Buildings 
- storage of CO2 for hundreds of years

New possibilities for job creation throughout the economy
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NEW SUSTAINABLE TIMBER PRODUCTS
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UP T0 10 STOREYS
TIMBER

10+ STOREYS
TIMBER-HYBRIDS
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TALL TIMBER



BROCK COMMONS
VANCOUVER
18 STOREYS

MJÖSTÅRNET
BRUMENDAL
18 STOREYS

HSB  2023
STOCKHOLM
34 STOREYS

RIVER BEACH 
CHICAGO

80 STOREYS

BARBICAN TOWER
LONDON

80 STOREYS

HAUT
AMSTERDAM
21 STOREYS

THE RACE IS ON...

10+ STOREYS
TIMBER-HYBRIDS
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HSB JUBILEE PROJECT, STOCKHOLM 
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TALL TIMBER BUILDING
2015-2018
MULTIDISCIPLINARY RESEARCH SUPPORTED BY 
SWEDISH RESEARCH COUNCIL FOR SUSTAINABLE DEVELOPMENT



2019-2023
SUPPORTED BY EU HORIZON 2020; € 8,6 MILL.
DEVELOP A SUSTAINABLE AND INNOVATIVE 
WOOD VALUE CHAIN FOR THE CONSTRUCTION 
OF MULTI-STOREY WOOD BUILDINGS



MULTISTOREY BUILDINGS



MOHOLT
TRONDHEIM
9 STOREYS

KAJSTADEN
VÄSTERÅS
9 STOREYS

STRANDPARKEN
SUNDBYBERG

8 STOREYS

MURRAY GROVE
LONDON

8 STOREYS

T3 OFFICE
MINNEAPOLIS

7 STOREYS

COMPLETED BUILDINGS

UP TO 10 STOREYS
TIMBER
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ÖRNSRO TIMBER VILLAGE
Building type: Masterplan & Housing
Floor area: 19.000 m2

Construction: CLT & LVL
Status: Construction 2019-20
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RÅBYLUND  LUND
Building type: Housing
Floor area: 8.100 m2

Construction: CLT
Status: Construction 2019-20
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NORRTALJE MARINA
Building type: Housing & Commercial
Floor area: 30.000 m2 (3 phases)
Construction: CLT
Status: Construction 2019-20
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LUND CENTRAL STATION



KAJSTADEN VÄSTERÅS
Building type: Housing
Floor area: 3.500 m2

Construction: CLT
Status: Finished 2019
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THE FUTURE IS HERE

TIMBER
Lifetime -120 years

1,5 CO2/m2 per year = 480.000 kg CO2 (42%) 
(lifetime)

-1,8 CO2/m2 pr år = -579.000 kg CO2 (-51%)
(recycled+lifetime)

CONCRETE
Lifetime -120 years

3,5 kg CO2/m2 per year = 1.125.000 kg CO2 (100%) 
(lifetime).







PRINCIPLE



• Four apartments on each storey
• Vertical fire & acoustic sectioning
• CLT double wall between apartments
• CLT floor deck spans from wall to wall
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• Four carpenters built loadbearing structure
• Quick assembly - 3 days per storey
• High precision +/- 1-2mm
• Mechanical joints with long screws

• CLT to elevator shaft

• CNC-cutting to
building services

•

• Movement joints

• CLT walls, floors
& roofs

•
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• THERMOWOOD WITH TINTED PROTECTION-STAIN
• JAPANESE BURNT WOOD NOT ALLOWED FOR TALL BUILDING



•

CHALLENGES

HAND-OVER FROM SYSTEM-SUPPLIER/CONTRACTOR TO MAIN 
CONTRACTOR

VISUAL WOOD – FIRE AND INSURANCE COMPANY

MOIST DESCRIPTIONS – BUILDINGSITE AND MOIST REPAIRS

MEASURABLE EXPENSES COMPARED TO CONVENTIONAL BUILDING 

•



STATUS IN DENMARK

• Many timber buildings
up to 4 storeys

• Only ONE 
compeleted building
over 4 storeys

MOXY HOTEL 
COPENHAGEN
• 5 floors
• Concrete elements to 

ground floor
• CLT wall and floor elements 

to upper floors

STUDENT APARTMENTS 
ØSTERBRO
• 24 apartments
• CREE Denmark
• Composite system
• Glulam/concrete
• Sprinkler system

FÆLLESBYG, KØGE KYST
• Up to 7 floors
• LVL post/beam
• CLT/concrete floors
• Sprinkler system
• TIMBER ABANDONDED 
• NOW CONCRETE BECAUSE 

OF CONSTRUCTIONAL 
COMPLEXITY



FIRE

FIRE REGULATIONS TREAT 
TIMBER DIFFERENTLY 
THAN CONCRETE AND 
STEEL

NEED TO USE TECHNICAL 
FIRE DOCUMENTATION 
FOR MORE THAN 4 
STOREYS

www.clt.info

www.storaenso.com

CLT - Cross Laminated Timber
Fire protection
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Danish	Building	Regulations 2018		
Preaccepted solutions	for	multi-storey residential buildings

Number of	floors: 1 up	to	4op	til	8 up	to	16

Fireprotection: 30	minuts 60	minuts 120	minuts

Wood: YES YES NO

Concrete and	steel: YES YES YES



Number of	floors: 1 up	to	4 up	to	8 up	to	16

Fireprotection: 30	minuts 60	minuts 90	minuts 120	minuts

Wood: YES YES YES NO

Concrete and	steel: YES YES YES YES

NEW	
SUGGESTION

Danish	Building	Regulations 2018		
Preaccepted solutions	for	multi-storey residential buildings



WWW.CFMOLLER.COM

•

THANK YOU!

Lone Wiggers
lw@cfmoller.com 
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