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Six Research Profiles

Mid Sweden University has six prioritised thematic research profiles:

e Cultural Heritage, Democracy and Enterprise
* Digital Communities

® Learning and Education

e The Challenges of the Welfare State

¢ The Forest as a Resource

¢ Tourism, Sports Science and Adventure Technologies

Introduction

The research of the Ecotechnology group is linked to
sustainable development. We focus on analyses of
energy and technological systems on the basis of their
fundamental components and relate them to energy and
material efficiency, renewable resources and forestry.
Interactions among these fields, as well as implementa-
tion issues, are important parts of the analyses.

The aim of the research is to increase our understand-
ing of how resource-efficient and cost-efficient sys-
tems, with low environmental impact, can be designed,
analysed and implemented. The research approach is
inter- and multidisciplinary and, where appropriate,
oriented towards the analysis of complex systems. The
approach to systems analysis is often applied in a life
cycle perspective, based on knowledge of engineering
and the natural and social sciences. The research is part
of Mid Sweden University’s research profile "The Forest
as a Resource".

The PhD program in Ecotechnology and Environmental
Science covers interdisciplinary studies of human soci-
ety in interaction with nature, in particular with a focus
on the development of new systems for a long lasting
use of natural resources. The students are trained in sci-
entific methodology and critical analysis for a continued
career in academia or outside the university.

The Master’s Program in Ecotechnology and Sustainable
Development aims to build and strengthen the compe-
tence needed for a holistic approach towards sustain-
able development through the efficient use of natural
resources. The undergraduate program in Ecotechnology
is a three-year program leading to a Bachelor’s degree in
Environmental Science. The courses in Environmental
Engineering and in Environmental Science are core
courses in the study programs.

Visiting address:
Campus Ostersund, Akademigatan 1, Building Q

Web page: http://www.miun.se/thu/ecotechnology

Winter at Campus Ostersund, Mid Sweden University. Photo: Stefan Linnerhag
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Researchers

Leif Gustavsson

MID SWEDEN UNIVERSITY

is a professor in ecotechnology and is responsible for the Ecotechnology and Environmental Science Program. He
has 25 years of research experience and has published broadly on systems analysis linked to sustainable develop-
ment, especially building construction, energy efficiency, renewable energy, forestry and the interaction between

these fields including implementation issues.

Telephone: +46 (0)63 165979; +46 (0)70 3447030

E-mail: leif.gustavsson@miun.se

Johan Bergh

is part time guest professor at Mid Sweden
University and works part time at the Swedish
University of Agricultural Sciences. His
research is about how environmental factors
control forest growth in relation to forest man-
agement methods.

Telephone: +46 (0)70 2922525
E-mail: johan.bergh@miun.se

Ambrose Dodoo

joined Mid Sweden University in 2007. His
post-graduate studies focuses on life cycle
energy use and environmental impacts of
wood and alternative constructions. He has
experience in university-level teaching, build-
ing estimating and environmental assessment
work.

Telephone +46 (0)63 165383
E-mail: ambrose.dodoo@miun.se

Jonas Joelsson

started his post-graduate studies at Mid
Sweden University in 2004. His studies focus
on analysis of systems for biomass use, with
respect to energy and resource efficiency.

Telephone: +46 (0)63 165470
E-mail: jonas.joelsson@miun.se

Gregg Marland

is a guest professor at Mid Sweden
University. He is also a Distinguished
Scientist in the Environmental Sciences
Division at Oak Ridge National Laboratory
in the USA. He has 35 years of research ex-
perience on global change and the environ-
mental impact of energy systems.

E-mail: marlandgh@ornl.gov

Nguyen Le Truong

joined Mid Sweden University in 2009. He has
a Master of Engineering in Energy Technology.
His research focus is to compare energy, car-
bon and economic efficiency of various bio
energy systems using the concept of system
analysis.

Telephone +46 (0)63 165945
E-mail: nguyen.truong@miun.se

Bishnu Poudel

joined Mid Sweden University in 2009. His
research focuses on growth potentials of bio-
mass in Sweden. He has a Master of Science in
Agriculture and Forestry. His six years work
experiences were focused on development
organizations, forest management and in for-
estry research.

Telephone: +46 (0)63 165535
E-mail: bishnu.poudel@miun.se

Itai Danielski

joined Mid Sweden University in 2009. His
research focuses on implementation of energy
efficiency measures in the built environment.
He is an energy engineer graduate with three
years working experience as a process engi-
neer in the industry.

Telephone: +46 (0)63 165416
E-mail: itai.danielski@miun.se

Kerstin Hemstrom

joined Mid Sweden University in 2009. Her
research focuses on the diffusion of new for-
est management practices and multi-storey
wood construction practices in Sweden. She
has a background within Biology, and a
Master's degree in Human Ecology.

Telephone: +46 (0)63 165753
E-mail: kerstin.hemstrom@miun.se

Krushna Mahapatra

is working as a postdoctoral research fellow.
His research interests are diffusion of innova-
tions, renewable energy technologies, energy
efficiency in buildings, and tropical deforesta-
tion.

Telephone: +46 (0)63 165931
E-mail: krushna.mahapatra@miun.se

Gireesh Nair

started his post-graduate studies at Mid
Sweden University in 2007. His research
focuses on implementation of energy effi-
ciency measures in residential buildings. He
is a mechanical engineering graduate and has
worked with energy audit and energy effi-
ciency projects.

Telephone: +46 (0)63 165428
E-mail: gireesh.nair@miun.se

Nils Nilsson

is a research information coordinator and has
a Ph.D. in Inorganic Chemistry. He has ear-
lier worked with teaching in Environmental
Science, Environmental Technology and
Chemistry.

Telephone: +46(0)63 165987
E-mail: nils.nilsson@miun.se

Roger Sathre

is a postdoctoral research fellow at Mid
Sweden University. His research focuses on
lifecycle energy and climate aspects of for-
estry, wood products, and construction. He
has a background in civil engineering, wood
technology, and project management.

E-mail: roger.sathre@miun.se
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The project cluster: Forest as a resource in
sustainable societal development

Forest management

Growth potentials of biomass in Jimtland and Viasternorrland, Sweden

There are numerous ways to increase the production
in the forest. These include selection of tree species,
genetic improvement, plant material, soil preparation,
forest fertilisation, thinning management regimes, and
optimal rotation period. Sweden stretches across 1500
km from its southernmost to northernmost point. Tree
growth differs significantly throughout the country
depending on local factors, such as soil and climatic
conditions.

In this project the potential of existing and new forest
management methods are studied to increase the pro-
duction of biomass in Jamtland and Vasternorrland.
Differences in production are analysed for pine, spruce
and other possible species by using computer models
of forest growth. The distribution between different
assortments - as lumber, pulpwood and biomass for
energy purpose - at an increased growth is examined,
and innovative forest management practices is studied.
The potential of cultivation of fast growing ligneous
biomass on surplus agriculture land is also analysed.

Jamtland and Viisternorrland County in Sweden

Project period: 1 January 2008 — 31 December 2010

Contact: Johan Bergh, Leif Gustavsson and
Bishnu Poudel

Adoption and diffusion of new forest management practices

Increased use of sustainably produced forest biomass
to replace fossil fuels and non-renewable materials
reduces greenhouse gas emission and mitigates climate
change. An increased supply of biomass from Swedish
forests is possible through introduction of new forest
management practices. However, the diffusion of such
practices will be largely influenced by the attitudes and
perceptions of the forest owners since they make the
adoption decision. It may be convenient and economi-
cal for them to use the existing management practices,
but difficult to adapt to the new practices that are likely
to be associated with various uncertainties and require-
ment for new knowledge, finance, and other logistical

support. Forest owners need to understand the ben-
efits and risks of new management practices, both in
the short- and long run. In this project we study the
knowledge, attitudes, and perceptions of the individual
private forest owners towards new forest management
practices. About 50% of the Swedish forest area is
owned by private individuals.

Project period: 1 January 2008 — 31 December 2010

Contact: Krushna Mahapatra, Johan Bergh,
Leif Gustavsson and Kerstin Hemstrom
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Systems for efficient recovery and processing of biomass

Systems for efficient recovery and transportation of biomass

Biomass can be recovered, stored and handled in dif-
ferent ways which have implications for the economic,
environmental and resource efficiency of biomass use.
In this project we study how these efficiencies are
altered by the choice of technical and logistic solutions
for removal and transportation of biomass. Different
options for large-scale and small-scale users and for
processing and further distribution and export are
analysed, and the potential carbon dioxide and oil use
reduction per hectare of forest land are estimated. The
efficiency of large and small scale systems and dif-
ferent locations are compared, and implications of an

increased production and supply of biomass on these
systems are considered. Consequences of an increased
production and recovery of biomass for the carbon
balance will be studied. Based on the results, efficient
systems for removal, transportation and use of biomass
will be discussed.

Project period: 1 January 2008 — 30 June 2011

Contact: Johan Bergh, Leif Gustavsson, Jonas Joelsson,
Bishnu Poudel and Nguyen Le Truong

A harvester used in SCA’s forest in final fellings.

Biorefineries for efficient use of biomass

The efficiency of forest resources use can be improved
through co-production of several products. In biore-
fineries, various kinds of bioresources can be used to
co-produce energy services such as electricity, trans-
portation fuel, pellets and district heating and mate-
rial products such as wood and fiber products and bio-
based chemicals. The system analysis concept is used
in this project to compare energy, carbon and economic
efficiency of various biorefinery co-production systems.
We consider the new technologies for bioenergy con-
version in the context of and new methods of forest
management which increase forest productivity, and

analyze how the choice of technological and logistical
solutions for recovery and transport of forest resources
influences the use of biomass resources, taking into
account scale of operation and transport distances.

Project period: 1 January 2008 — 30 June 2011

Contact: Leif Gustavsson, Jonas Joelsson and
Nguyen Le Truong
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Ortviken Paper Mill, SCA Graphic Sundsvall.

Wood construction and energy efficiency in built environment

Wood construction for energy efficient built environment

Energy efficient buildings largely based on renewable
materials and energy will contribute to a sustainable
built environment. We conduct environmental and
economic analysis of construction and operation of tra-
ditional buildings and low energy buildings, and with
different energy supply systems. We analyze primary
energy use and greenhouse gas emission in a life-cy-
cle perspective considering the production, operation,
demolition and disposal of buildings. We include the
entire material chain from natural resource extraction,
material processing and assembly, building operation,
and various post-use material-handling options. A

focus of our work is the implications of using wood as
a structural material in building construction. We ana-
lyse the potential environmental benefits coming from
integrating and optimising the biomass and energy
flows within the forestry, manufacturing, construction,
energy, and waste management sectors.

Project period: 1 January 2008 — 30 June 2011

Contact: Ambrose Dodoo, Leif Gustavsson,
Roger Sathre and Itai Danielski
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Diffusion of wood-framed building technologies and energy efficiency measures in buildings

There are environmental benefits of improving primary
energy efficiency of Swedish residential buildings. In
the production of new apartment buildings the pri-
mary energy use could also be reduced by replacing
concrete frames with timber. However, the successful
implementation of such changes will depend, in addi-
tion to economical and technical factors, on the action
of various actors which is guided by the institutional set
up. For single-family houses, the homeowners are cen-
tral actors in the diffusion process. They choose what
measures to implement in existing houses. In apartment
buildings the tenants have little control over decisions
taken. The owner, contractor, consultant, architect, engi-
neers, material suppliers etc. have the key roles. In the
operation phase, a professional administrator usually
makes the operation and investment decisions. Hence,
the administrative organisation needs extra attention.
External actors such as utilities, installers, retailers and
energy advisors all have the possibility to motivate the
owners/administrators of existing residential buildings
to implement energy efficiency measures.

The diffusion of energy efficiency measures in residen-
tial buildings depend on how a need for such measures
is created, what factors influence the choice between
different measures, through what channels people and
organisations receive the information that underlie
their decision, and in what way the measures finally
is implemented. In this project we study the attitudes
and perceptions of the residential property owners to
adopt various energy efficiency measures. We map out
the external actors’ views on energy efficiency and how
they influence the owners. A part of the project is also
to analyze various factors guiding selection of frame
materials used in the construction of new multifamily
houses. Particularly, we will investigate the attitudes
of the relevant actors such as the owners, construction
industry professionals, policy makers, and the general
public towards wood as a construction material.

Project period: 1 January 2008 — 30 June 2011

Contact: Leif Gustavsson, Kerstin Hemstrom,
Krushna Mahapatra and Gireesh Nair

Integrated studies, implementation of research results and

establishment of networks

Forest resources can contribute more effectively to
sustainable development if the entire resource chain
is integrated, encompassing the sectors of forestry,
manufacturing, construction, energy, and waste man-
agement. Hence, we will integrate the results from
the different projects in the project cluster “Forest as a
resource in sustainable societal development” to better
understand the full potential of the resources. We will
also interact with actors in the entire forest products
chain, from forest owners to end users of wood prod-
ucts, to understand their needs and constraints and to

spread knowledge about our results. This will be done,
for example, by study visits, seminars, web sites and
by creating networks. Representatives from key actors
within the region will constitute a reference group for
this part of the project. Popular scientific articles will be
produced to spread the research results to the public.

Project period: 1 January 2008 — 30 June 2011

Contact: Leif Gustavsson and Nils Nilsson

Winter forest view in Jdmtland, Mid Sweden.
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Recent doctoral theses

Forest fuel systems - comparative analyses in a life cycle perspective

Lisa N. Eriksson, doctoral thesis 2008

Forest fuels can be recovered, stored and handled in
several ways and these different ways have differ-
ent implications for CO, emissions and net recovered
amount of biomass. Comparative analyses were made
on different forest-fuel systems with a focus on the
recovery and transport systems.

When determining potential CO, emissions avoidance,
the transportation distance was found to be of minor
importance as the type of transportation system. Large-
scale, long-distance transportation of biofuels from
central Sweden has the potential to be cost-effective and
also attractive in terms of CO, emissions.

The most important factor analysed was the type of
fossil fuel (coal, oil or natural gas) replaced together
with the net amount of biomass recovered per hectare
of forest land. Combined recovery of logging residues,
stumps and small roundwood from thinnings from the
same forest area give a high potential of reduced net
CO; emissions per hectare of forest land. Compensation
fertilization becomes more cost-effective and the pri-
mary energy use for ash spreading becomes low. The
potential amount of available forest fuel as logging
residues and stumps from final fellings and small
roundwood from thinnings in Sweden was estimated to
about 66 TWh per year. This may cost 1 billion €2007 to
recover and 6.9 Mtonne carbon may be avoided if fossil
coal was replaced.
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The figure shows energy balance per hectare of clearcut for different bio-fuel supply chains - bundle, chip and pellet system for local, national
and international end-users. The differences in net bio-fuel at the end-user between the systems depend on differences in dry-matter losses
and energy inputs. The chip system entails higher dry-matter losses in forestry operations and chipping than the bundle system. In the pel-

lets options, part of the biomass is used in the drying process.
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Primary energy efficiency and CO, mitigation in residential buildings

Anna Joelsson, doctoral thesis 2008

The Swedish building stock offers considerable oppor-
tunities for improving primary energy efficiency and
reducing CO, emission. Increased energy efficiency of
building envelopes, heating system conversion, and
various technologies and fuels for production of elec-
tricity and heat were analysed with respect to primary
energy use, CO, emission and societal cost. Both the
production and operation phases of building life cycles
were included, for several types of residential buildings.
The studies were performed using process-based sys-
tems analysis in a life-cycle perspective where the ener-
gy chains were considered from the natural resources to
the useful electricity and heat in the buildings.

The results show that for existing electric heated sin-
gle family houses, the choice of heating system has
a greater influence on the primary energy use than
energy-efficiency measures on the house envelopes.
The amount of primary energy used in the production

of a new low-energy building is significant over the
life cycle of the building. One way of reducing both the
primary energy use and CO, emission in the production
phase is to use constructions with wooden frames. The
results show that wooden houses with a low energy
demand and efficient energy supply systems will give
very low carbon emission over their life cycle.

The house owners decide upon the changes to be
implemented, and the changes must be perceived as
sufficiently attractive to be adopted. The house owners’
economic situation and their perceptions are related to
the societal economic perspective and different policy
instruments. The consumer electricity tax and subsidies
for the conversion of electric heating encourage house
owners to act according to current national energy
policy. However, the effect on the house owners” annual
cost was smaller than price variations between different
energy suppliers.
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Primary energy use for operating (space heating, hot water, household electricity) a conventional house built in the 1970s (Odensala) and
the two passive houses (Lindds and Karlstad), when using different energy supply systems: resistance heating (RH), a heat pump (HP) and
district heating (DH), based on coal (CST), natural gas (NGCC) or biomass (BIG/CC) for electricity and district heat production.

The choice of supply system has a considerable impact on the operating primary energy use. Implementing the energy-efficiency measures in
the single-family house in Odensala (Odensala retrofit) lowered the primary energy use of operation by 14% if it was assumed to be heated by
resistance heating. District heating and heat pumps were clearly more energy-efficient than resistance heating, and the natural gas com-
bined cycle (NGCC) technology was more efficient than coal-based steam turbine technology CST. Choosing biomass-based district heating
(DH+BIG/CC) instead of resistance heating resulted in a 70% lower primary energy use.
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Diffusion of innovative domestic heating systems and multi-storey wood-framed buildings in Sweden

Krushna Mahapatra, doctoral thesis 2007

The diffusion of innovations that promote sustainable
use of forest resources and energy efficiency will reduce
greenhouse gas emission and dependency on oil. The
‘systems of innovation’ (SI) approach was used to ana-
lyse the diffusion of multi-storey wood-framed build-
ings and wood pellet heating systems in Sweden. This
approach was complemented with the ‘adopter-centric’
approach to analyze diffusion of competing innovative
heating systems.

The systems of innovation analyses showed that sev-
eral sources of path dependency, resulting from the
establishment and growth of the concrete-based con-
struction system over the past 100 years, hindered the
expansion of a wood-based multi-storey construction
system. However, development of the wood construc-
tion system was possible due to government policies
and funding, the wood industry’s interest in expanding
the market for value-added wood products, and the
involvement of the wood research community.

The growth of the pellet market during the last decades
was mainly due to the national energy policy, an abun-
dance of raw material and existence of district heating
systems. But, a lack of coordination between the fuel
and equipment suppliers in the early phase of market

development, relatively high operating cost, lack of
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The valley of the Indal River in Mid Sweden.

information and dissatisfaction among early adopters
contributed to a slow growth rate.

The ‘adopter-centric’ model was operationalized
through household questionnaire surveys: one cover-
ing the whole of Sweden in 2004 involving 1500 ran-
domly selected homeowners, and another in the city of
Ostersund in 2005 of 700 homeowners who had resist-
ance heaters. The same homeowners in Ostersund were
resurveyed in 2006 to study the influence of a marketing
campaign and a package district heating offer. Results
showed that about 80% of the respondents, particularly
those with resistance heaters, did not intend to install a
new heating system. But, the marketing campaign and
the package offer motivated 78% of the respondents in
Ostersund to adopt district heating system. Economic
aspects were the most important factors in respond-
ents’ choice of a new heating system. Low priority
was given to environmental aspects. Hence, economic
policy instruments to internalize the external costs are
likely to be effective in inducing homeowners to install
innovative heating systems. Also, the provision of a
government investment subsidy to replace resistance
heaters with innovative heating systems seems to be
appropriate. Homeowners thought that a heat pump
had more advantages over a pellet boiler and therefore,
such systems diffuse faster in Sweden.
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Life-cycle energy and carbon implications of wood-based products and construction

Roger Sathre, doctoral thesis 2007

The mechanisms by which wood product substitution
can affect energy and carbon balances include: the ener-
gy needed to manufacture wood products compared
with alternative materials; the avoidance of industrial
process carbon emission from e.g. cement manufacture;
the use of wood by-products as biofuel to replace fossil
fuels; and the physical storage of carbon in forests and
wood materials. In this thesis, a life cycle perspective
was employed encompassing the entire product chain
from natural resource acquisition to material disposal
or reuse. A methodology was developed and was
then used to compare functionally-equivalent buildings
with wood-frames and reinforced concrete frames. The
results showed that less primary energy is needed to
produce the wood-framed buildings than the concrete-
frame buildings. CO, emission was significantly lower
for the wood frame buildings, due to reductions in both
fossil fuel use and cement calcination process emission.
The most important single factor affecting the energy
and carbon balances was the use of biomass by-prod-
ucts from the wood product chain as biofuel to replace
fossil fuels.

Different forest management regimes were studied in
an integrated carbon analysis to quantify the carbon
flows and stocks associated with tree biomass, soils,
and forest products. Intensified forest management
that produces greater quantities of biomass leads to net
CO, emission benefits by augmenting the potential to
substitute for fossil fuels and non-wood materials. The
increased energy use and carbon emission required
for the more intensive forest management, as well as
the slight reduction in soil carbon accumulation due
to greater removal of forest residues, were more than
compensated for by the emission reduction due to
product substitution. In the long term, the active and
sustainable management of forests, including their use
as a source for wood products and biofuels, allows
the greatest potential for reducing net CO, emission.
Implementation issues related to the wider use of
wood-based materials to reduce energy use and carbon
emission were also explored, including analyses of the
effects of energy and taxation costs on the economic
competitiveness of materials, and of added value in for-
est product industries.
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Carbon balance over the complete life cycle of functionally-equivalent apartment buildings made with a wood-frame or a concrete-frame.
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Other recent research

Bioenergy; costs, environmental impacts and use of natural resources

We explored costs, environmental impacts and resource
use for different types of biomass-based systems and
related them to fossil-fuel based systems. Evaluating
potential ways to replace fossil fuels with biomass is
complex, as many interacting factors and their develop-
ment over time have to be taken into account. The focus
of interest has been to identify efficient ways to reduce
CO; emissions and oil use through the use of biomass,
and to study trade-offs between these two objectives.

We studied opportunities to increase the use of biomass
in the energy sector, including potential expansion of
current technologies and systems, for example in the
district heating sector, as well as the introduction of new
technologies, such as gasification-based polygeneration
of electricity, transportation fuels and electricity. The
potential to increase the biomass use efficiency in pulp
and paper industry through energy efficient pulping
technologies and black liquor gasification was also stud-
ied. Black liquor gasification is a novel technology for
the recovery of pulping liquors in chemical pulp mills.

The results indicate that the use of biomass can sig-
nificantly reduce oil use and CO, emissions, but there
is a trade-off between the reductions in oil use and CO,
emission. Biomass gasification is found to be an impor-
tant technology to achieve large reductions, irrespective
of whether oil use or CO; emission reduction is pri-

oritised. Oil use and/or CO, emissions can be reduced

efficiently

e if oil-fired boilers or electric heating is replaced by
district heating from biomass-based combined heat
and power generation,

¢ if electricity or motor fuel is produced from black
liquor gasification in pulp mills or

* if wood is used instead of concrete in building con-
struction.

The introduction of plug-in hybrid cars appears to be
a promising option for reduced CO, emissions and oil
use in the transportation sector. More fossil motor fuel
can be replaced if biomass is used to generate electricity
for plug-in hybrid vehicles than if it is used to produce
motor fuel.

Contact: Leif Gustavsson and Jonas Joelsson

References:
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Forestry and use of wood to mitigate climate change

A comprehensive analysis of the climate effects of
increased wood use in the construction sector requires
the integration of a range of models, including models
of wood substitution, sector product markets, and forest
management at regional and stand levels. In this project
we developed such an integrated modeling framework
to demonstrate the viability of the approach and to
identify needed improvements.

We developed four wood construction scenarios depict-
ing wood consumption up to the year 2030 for the
European construction sector. The roundwood demand
in each year was distributed among supplying countries
by a partial equilibrium model for the forest sector that
encompasses forestry, wood-using industries, and mar-
kets for roundwood and forest products. Resulting data
on harvest volumes or timber prices were then used in a
forest regional model for Sweden, where harvest levels
were derived by assuming that forest owners maximize
their net present value over an infinite horizon with
current prices. More detailed analysis of the manage-
ment implications was performed with a stand model,
an individual-tree, distance-independent growth and
mortality model that finds optimal steady state stand
management programs (planting density, timing and
form of thinning and time of final harvest).

Preliminary modeling results showed that by 2030, the
increased wood demand causes softwood sawlog prices
to increase from the base case level. The growth in soft-
wood lumber production makes sawlog chips supply
more abundant and leads to decline in the pulpwood
harvests and price. The changes in the price relations
between sawnwood and pulpwood lead to a change
in the management programs towards prolonged rota-
tions, leading to a medium term reduction of sawnwood

Photo: Thomas Holmberg

MID SWEDEN UNIVERSITY

supply. Long term steady state conditions indicate small
differences in carbon stock due to the price increases
predicted by the scenarios. Sawnwood output increases,
but is in most cases balanced by a similar reduction of
pulpwood. Rotations are prolonged and for several
stand types the number of thinning is increased.

This modeling system represents an ambitious effort
to combine models from different disciplines into one
coherent system. The experience has identified several
areas that need improvement. The most problematic
part of the system appears to be the linkage between
the partial equilibrium model for the forest sector and
the forest regional model. In particular, the reaction of
supply stemming from different price relations between
sawnwood and pulpwood needs to be harmonized.
The detailed stand level model and the regional forest
model could also be better integrated with each other.
A number of common parameters that are used in the
different model, such as carbon emission factors and
discount rates, need keen attention to ensure overall
consistency.

The work is a cooperation between Mid Sweden
University, Swedish University of Agricultural Sciences,
Finnish Forest Research Institute (METLA), University
of Helsinki, VIT Technical Research Centre of Finland,
Norwegian University of Life Sciences (UMB), and
Norsk Treteknisk Institutt.

Contact: Leif Gustavsson and Roger Sathre
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Manuscript.
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Primary energy use and carbon balance of the Limnologen building

We analyzed the primary energy use and CO; emission
over the lifecycle of the Limnologen building, an eight-
storey apartment building in V&xjo, Sweden made with
a wood structural frame. The analysis covers all the life
cycle phases of the building, including the acquisition
of raw materials, the processing of raw materials into
building materials, the assembly of materials into a
ready building, the occupation or use of the building,
the demolition of the building and the disposal of the
demolition material.

We found that the operation of the building uses the
largest share of lifecycle energy use, becoming increas-
ingly dominant as the life span of the building increases.
The type of heating system plays a major role for
primary energy use and CO, emission, since it affects
what type of energy supply chains are used. A biomass-
based district heating systems achieves low primary
energy use and very low CO, emissions. During the
construction phase of the building, more bioenergy

can be obtained from residues from the wood products
chain (forest residues, wood processing residues, and
construction site residues) than is used to produce the
building. Additional bioenergy can be obtained at the
end of the building life cycle if wood-based demoli-
tion residues are recovered and used as biofuel. The
use of recovered biofuels to substitute for fossil fuels
significantly reduces the net emission of CO,. We need
to adopt a life cycle perspective involving construction,
the use and demolition of buildings as well as energy
supply when thoroughly evaluating the primary energy
and climatic impacts of buildings.

Contact: Leif Gustavsson, Anna Joelsson and
Roger Sathre
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Gustavsson, L., Joelsson, A. and Sathre, R. Life cycle primary energy
use and carbon emission of an eight-story wood-framed apart-
ment building. Manuscript.
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The Limnologen buildings, eight-storey apartment buildings in Viixjo, Sweden made with wood structural frames.
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A synthesis of research on wood products and greenhouse gas impacts

Sathre and O’Connor have reviewed scientific literature
addressing the net life cycle greenhouse gas emissions of
wood construction products. A total of 48 international
studies were reviewed for findings on fossil energy
used in wood manufacturing compared to alternatives,
the avoidance of industrial process carbon emissions as
with cement manufacturing, the storage of carbon in
forests and forest products, the use of wood by-prod-
ucts as a biofuel replacement for fossil fuels, and carbon
storage and emission due to forest products in landfills.
Interpretation of the various findings sought to clarify
whether actively managing forests for wood products
is better, worse or neutral for climate change versus
leaving forests in their natural states and instead using
non-wood materials. Data from a subset of the reviewed
studies were then used in a meta-analysis of displace-
ment factors, that is, the quantification of greenhouse
gas emission avoided per functional unit of wood used
in place of other materials. All of the studies reviewed
found that the production of wood-based materials
results in less greenhouse gas emission than the produc-

tion of alternatives. Over the complete life cycle of wood
products, the great majority of studies also found lower
total emission for wood products. End-of-life manage-
ment of wood products is the single most significant
variable for the full life cycle carbon profile of wood
products. The few studies with scenarios in which the
greenhouse gas emission of wood products is greater
than of alternatives addressed worst-case wood dispos-
al options. The overall consensus provides a clear car-
bon rationale for increasing wood substitution in place
of other products, provided that forests are sustainably
managed and that wood waste and by-products are
used responsibly.

Contact: Roger Sathre

Reference:

Sathre, R. and O’Connor, J. (2008). A synthesis of research on wood
products and greenhouse gas impacts. Technical Report TR-19,
FPInnovations, Forintek Division, Vancouver, B.C., Canada.
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Sathre, R. and O’Connor, J. Meta-analysis of greenhouse gas
displacement factors of wood product substitution. Manuscript.

Wood-framed buildings at the harbour of Sundsvall.
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