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Annual global primary energy use and trends (IEA)
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Emission of COfrom the energy sector IEA 2016
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Current pledges fall short of limiting the temperature increase to below 2 °C;
raising ambition to 1.5 °C is uncharted territory

Source: IEA 2016. World Energy Outlook 2016 ?j"



Do we need bioenergy in renewable energy systems?

A The shares of fossil fuels and renewable energy in European
Union in 2014 were 72% and 14%, respectively (bioenergy:
9.1%; hydro: 2.0%: others: 2.6%).

A Bioenergy assists the integration of wind and solar in
renewable energy systems.



We analyse climate change effects of varied forest management
and construction of wood buildings and use of bioenergy

In all scenarios
A The same forest land area is included
A The same energy and housing services are provided

A The same amount of pulp wood is provided

A The scenariovith least pulpwood steers the amount of pulpwood in other
scenarios,and surplus of pulpwood in other scenarios is used for energy

A Themaximum harvest of timber steers the maximum potential for wood

buildings,and in scenarios with less timber, more concrete buildings are
constructed to give the same amount of housing service

._:.::'52-.,



We analyse climate change effects of varied forest management
and construction of wood buildings and use of bioenergy

A We consider all significant annual net @Missions in a life
cycle perspective

A We calculate cumulative radiative forcing based on net CO
emissions each year

A Important parts:
I Forest management
I Building materials and construction
I Endof-life implications
I By-products
A Forward looking analysis, modeled to year 2109



Radiative forcing of climate between 1750 and 2011
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Some methodological comments

A Many different wood products but here the focus is on
buildings

A Long time span and technological development
A Full lifecycle energy and material chains

A Annual net CQemissions over 100 years



Forest management scenarios

1. BAU (business as usuad}s today (reference)
2. Set aside landprotected forest area doubled (from 17% to 33%)
3. Production max amount area treated with fertilizer (within economical

and environmental restrictions), increased use of fast growing tree specie

In all scenarios
Climate change is based on RCP 4,5



Annual harvest of forest residues for energy

Reference BAU scenarwith current harvest oB TWhslash:BAU (8TWh)

BAU scenario
1. 80% of slash and 50%tbfnnings BAU (80/50)
2. 80% of slash, 50% tifinningsand stumpsBAU (80/50/50)

Set aside land scenario
1. 8TWhslash:Setaside (8TWh)
2. 80% of slash and 50%tbfnnings Setaside (80/50)

Production scenario

1. 8TWhslash:Production (8TWh)

2. 80% of slash and 50%tbfnnings Production (80/50)

3. 80% of slash, 50% tfinningsand stumpsfroduction (80/50/50)

Extraction is only allowed in coniferous forests and only on mineral soils



Heurekasystem

TheHeurekasoftware for forestry planning and analysis has been used to
simulate:

A Forest development
A Harvest of pulpwood, timbethinnings slash and stumps
A Input for soil carbon calculations

Forecasts based on 30 000 National Forest Inventory plots

Heurekad A Ydzf I 1S& LINRPRdAzOGAZ2Y FT2NBaioa of
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time in all scenarios



Soil carbon calculations is based on the AT AAA A M A

Q-model
ADecomposes fractions of material with specific

initial quality during time "

ARequires annual litter production and - \

temperature input
Rolff C. Agren G.1., 1999. Ecologidslodelling118, 193211

AQ-model is a decomposition model based on
continuous quality theory

Initial Quality Increase

Decomposition & Quality Decrease

Ortiz et al. 2011. Ecological Modelllng
222, 30263032

Assumptions and data input

A Input in form of annual litter fall and litter from harvests based on Heureka results

A Biomass is converted in annual litter input for different species (based on turnover rates and
harvested biomass) and tree fractions with varying litter initial qualities

A Temperature gradient based on climate change data for RCP 4.5 scamafiects the
different decomposition rates depending on climate

A Parameter uncertainty is included based on a set of feasible parameters from earlier
calibration studies

A We use the version where annual climate and decomposer invasion rates are allowed



Studied building Tapparn with different structural frames

A Built in 2014 in Vaxjo

A Concrete frame

A 6 storeys

A 24 apartments

A 1686 n?living area

A Redesigned to meet
Passive house criteria

(a)

The analysis is based on building versions watincreteframe, modular timbeiframe
or cross laminated timbeframe designed to Swedishassive house criteria

Prefabricated concrete frame Modular timber-frame Cross laminated timbeframe

The buildings are designed to have $wne energy use for operation 7



CQ emission associated with the production of the
buildings Is based on

A Total material mass inputs for the buildings including losses
during production and construction

A Specific enduse energy for material production based on
Bjorklund& Tillman (1997)FFossda{1995), and Worrell et al
(1994).

A Steel is assumed to be produced from 50% ore and 50% scrap
steel



Endof-life management of buildings

Building service life is 80 years
Steel is recycled as scrap for production of new steel

Concrete Is crushed into aggregate, exposed to the atmospher:
to increase carbonation during four months and then used for

belowground filling
Wood is recovered and used to replace fossil energy



Calculation of COemission

Carbonemission includes emission from extraction, processing,
manufacture and transport of building materials

Cement reactioremission is calculated as net of emission from
calcination and uptake from carbonation

Woody residuesrom wood processing and eraf-life of building
are used to substitute fossil energy

Full fuel cycl€€Q emissions are considered

For biomass used for bioenergyernational transportof 1000 km is
iIncluded



Fossil energy and bioenergy systems

CHRPplant with steam turbingossilcoaltechnologyor
steam turbinebiomasgechnology

CHPplant withcombined cycldéossil gatechnology or
steam turbinebiomasgechnology

Fossimotorfuels(diese) or
biomotor fuels(DME) emerging technologies



From primary to final energy use for the EU27 in 2010
How to improve the system efficiency?
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District heating systems in the EU27
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A About 6000 systems
already exist

A District heating accounted
for approximately 13% of
total heat supply in the
residential and service
sector

A Expansion potentials of up
to 30% in 2030 and 50% i
2050.



Increased use of fossil gas in EU?

G ¢ EBopean Investment Baryesterday (6 Februargpproved its
largest ever single loan to an energy project: the Tvadsatic
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Primary energy use for Mercedes Benzype
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Relative change of Cf@missions if slash anthinningsfrom central Sweden

IS used instead of fossil coal to produce electricity at year O
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The relative change of net CG@mission if slash anhinningsare used instead of fossil energy can
be calculated as:
#/ z #1/ #/
#/
CQpivenergylS CQemission in the bioenergy pathway
CQssillS CQemission in the fossil energy pathway
COpiodecaylS CQ emission from the decay of forest residues

Based onSathre R.,GustavssonL., and Truong, N.L. Climate change effects of electricity proddagtiedby coal, forest slash and s
municipal solid waste with and without carbon capture. Energy 122 (2017y231



Relative change of Cfemissions if slash anthinningsfrom central
Swedenis used instead of fossil energy at year O
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Living tree biomass (million tons of dry matter) in Swedish
forests under three scenarios
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Stemwoodharvest (million tons of dry matter per year) from
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Difference in cumulative C{emission compared to the reference BA

(8TWNh) scenario (zero line)
Modular timberbuilding replaceoncretebuilding andhioenergyreplacesossil coal
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Difference in cumulative radiative forcing compared to the referenc

BAU (8TWh) scenario (zero line)
Modular tignsberbuilding replaceconcretebuilding andbioenergyreplacesossil coal
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To calculate total heat trapped in the earth system, the CRF perauld be multiplied by the surface area of the
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Difference in cumulative radiative forcing compared to the reference BAI
(8TWh) scenario (zero line) for different energy systems

Modular timberbuilding replace concrete building
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Also studied a 4storey building Walludden) with different structural
frames

T 1
L

17

| 1
=

L

:

B —EEI

J1]

|

=

Buildingwith 16 apartments and 190 n%living area

Builtin Vaxjo,
Sweden, in 1994

The analysis is based on building versions watincreteframe, modular timbeiframe
or cross laminated timbeframe designed to Swedish passive house criteria

Concrete-frame

The buildings are designed to give the same energy use for operaticsf\

Modular timber-frame Cross laminated timber (CLTrame



Difference in cumulative radiative forcing compared to the referenc
BAU (8TWh) scenario (zero line) for different building types and frar

Wood framebuildings replace concrete frame buildings @andenergy replace coal
Production forest scenario with harvest of slaghnningsand stumps
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Key factors steering the results

A Forest management

A Harvest of forest biomass

A Use of forest biomass including residues
A Replaced nowood products

A Endof-life management of the building

A Timespan of the analysis of 100 years



Strength and weakness

A Climate implications of bioenergy and wood construction are considet
In a holistic lifecycle system perspective

A Complicated analyses

A Forward looking analysis considering imposed changes

A Detail description of forest system

A Detail description of technical systems

A A landscape perspective is used to consider forest dynamics

A All annual significant flows of G@mission to and from the atmosphere
are considered but not other climate effects as albedo

A The cumulative radiative forcing is calculated based on annual net CC
emissions to the atmosphere

A Technological development may change the results

A Mainly one forest rotation period is considered *j’



Climate effects

A A small difference between the scenarios in the first4p0
years of the analysis if bioenergy replaces fossil coal

A But then a clear and over time increasing difference if
bioenergy replaces fossil coal

A The climate benefit is significantly reduced if bioenergy
replaces fossil gas

A The climate benefit is even less if bioenergy replaces diesel
for transportation

A A strategy for climate benefits may include
A High forest production and harvest
A High residue recovery rate
A Efficient utilization of harvested biomass

A Replacement of carbeimtensive noawood products and
fuels B



Thank you for your attention!

Questions and comments?



