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Objective 1	  

Leaders: Task 38 & 43 (Cowie & Berndes) 
 
Provide an overview of calculation methods & 
tools to assess the sustainability of biomass and 
bioenergy supply chains and discuss needs, 
possibilities and limitations of a global, uniform/
harmonized framework 
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Objective 1	  

•  Includes climate forcers  and other 
environmental, economic and social criteria & 
indicators for sustainable biomass feedstock 
production 

•  Critically review tools and calculation methods 
•  Discuss with respect to specific bioenergy 

systems 
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Objective 1	  

Discuss:  
•  issues surrounding the application of tools and 

methods 
•  possibilities and drawbacks/limitations to develop  

uniform/harmonized approaches  
•  Consider applicability to bio-based materials 

beyond bioenergy. 
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Activity Leader, progress 

Comparison of tools for assessing biofuels •  Chum,  
•  Work in progress 

Methodological aspects of assessing climate effects of forest bioenergy systems  

Canadian case study •  Thiffault 
•  Work in progress 

Swedish case study •  Berndes 
•  Scientific papers published 

Challenges for LCA and other assessment tools supporting governance  

Assessments of ecosystem services in landscapes •  Berndes 
•  Scientific paper published 
•  Popular summary underway 

Indirect land use change and baselines •  Langeveld / Cowie 
•  Work in progress 

Australian case study: use of cleared scrub for 
bioenergy or biochar compared with in-field burning 

•  Cowie 
•  Work in progress 

Synthesis •  Berndes, Cowie 
•  Not started 



P1.	  Comparison	  of	  tools	  for	  assessing	  GHG	  
emissions	  savings	  of	  biofuels	   	  	  

	  
H.	  Chum,	  E.	  Warner,	  Y.	  Zhang,	  	  

Na3onal	  Renewable	  Energy	  Laboratory,	  Golden,	  CO,	  USA	  

	  	  	  	  	  	  L.	  G.	  Pereira,	  O.	  CavaleE,	  A.	  Bonomi	  	  
CTBE,	  Campinas,	  São	  Paulo,	  Brazil	   	  	  

	  
	  	  

	  

ObjecLve	  1.	  	  
Measuring	  sustainability	  
Task	  38	  Lead:	  Anne%e	  Cowie	  
Task	  39	  and	  Task	  40	  Contributors	  	  
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Carbon balances of bioenergy systems using biomass
from forests managed with long rotations: bridging the
gap between stand and landscape assessments
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Abstract

Studies report different findings concerning the climate benefits of bioenergy, in part due to varying scope and
use of different approaches to define spatial and temporal system boundaries. We quantify carbon balances for
bioenergy systems that use biomass from forests managed with long rotations, employing different approaches
and boundary conditions. Two approaches to represent landscapes and quantify their carbon balances – expand-
ing vs. constant spatial boundaries – are compared. We show that for a conceptual forest landscape, constructed
by combining a series of time-shifted forest stands, the two approaches sometimes yield different results. We
argue that the approach that uses constant spatial boundaries is preferable because it captures all carbon flows
in the landscape throughout the accounting period. The approach that uses expanding system boundaries fails
to accurately describe the carbon fluxes in the landscape due to incomplete coverage of carbon flows and influ-
ence of the stand-level dynamics, which in turn arise from the way temporal system boundaries are defined on
the stand level. Modelling of profit-driven forest management using location-specific forest data shows that the
implications for carbon balance of management changes across the landscape (which are partly neglected when
expanding system boundaries are used) depend on many factors such as forest structure and forest owners’
expectations of market development for bioenergy and other wood products. Assessments should not consider
forest-based bioenergy in isolation but should ideally consider all forest products and how forest management
planning as a whole is affected by bioenergy incentives – and how this in turn affects carbon balances in forest
landscapes and forest product pools. Due to uncertainties, we modelled several alternative scenarios for forest
products markets. We recommend that future work consider alternative scenarios for other critical factors, such
as policy options and energy technology pathways.

Keywords: bioenergy, carbon balances, forest, forest management, GHG balances, landscape, stand
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Introduction

Assessing greenhouse gas (GHG) balances and the cli-
mate effects of bioenergy is essential to inform policy
development and implementation. Studies that assess
GHG balances for bioenergy systems sometimes assume
that bioenergy systems are neutral in regard to the bio-
sphere–atmosphere CO2 flows, since the bioenergy sys-
tem is integrated in the carbon cycle and carbon

sequestration and emissions balance over a full growth-
to-harvest cycle. It is, however, well established that
bioenergy systems can influence the cycling of carbon
between the biosphere and the atmosphere (Smith et al.,
2014). The timing and magnitude of carbon emissions
and sequestration associated with forest-based bioen-
ergy have received much attention in recent years. Stud-
ies report different findings, in part due to varying
scope and use of different approaches to quantify GHG
and carbon balances.
Forest carbon balances are quantified using a range of

methodologies, and the appropriate spatial and
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a b s t r a c t

Swedish climate policy targets net zero greenhouse gases (GHG) by mid-century, with road transport
independent of fossil fuels by 2030, requiring far-reaching changes in the way energy is used. Forest man-
agement is expected to support carbon sequestration and provide biomass for various uses, including
energy. In this paper, we combine two energy scenarios with four forest scenarios and quantify GHG bal-
ances associated with energy-use for heat, electricity, and road transport, and with forest management
and production, use, and end-of-life management of various forest products, including products for
export. The aggregated GHG balances are evaluated in relation to the 2-degree target and an allocated
Swedish CO2 budget. The production of biofuels in the agriculture sector is considered but not analyzed
in detail.
The results suggest that Swedish forestry can make an important contribution by supplying forest fuels

and other products while maintaining or enhancing carbon storage in vegetation, soils, and forest prod-
ucts. The GHG neutrality goal is not met in any of the scenarios without factoring in carbon sequestration.
Measures to enhance forest productivity can increase output of forest products (including biofuels for
export) and also enhance carbon sequestration. The Swedish forest sector can let Sweden reach net neg-
ative emissions, and avoid ‘‘using up” its allocated CO2 budget, thereby increasing the associated emis-
sions space for the rest of the world.

! 2016 Elsevier B.V. All rights reserved.

1. Introduction

In 2015, at COP21 in Paris, world leaders agreed, among other
things, to (a) aim for a peaking of global greenhouse gas (GHG)
emissions as soon as possible, (b) achieve GHG neutrality (‘‘a bal-
ance between anthropogenic emissions and removals by sinks”)
in the second half of this century, and (c) hold global warming well
below 2 "C (UNFCCC, 2015). This will require strong mitigation
efforts (IPCC, 2014). Cumulative carbon dioxide (CO2) emissions
and global temperature change are near-linearly related and inde-

pendent of the timing of CO2 emissions (Allen et al., 2009;
Matthews et al., 2009; Meinshausen et al., 2009; Zickfeld et al.,
2009; Knutti and Rogelj, 2015; MacDougall et al., 2015). A global
cumulative ‘‘carbon budget” in line with the 2-degree limit has
been proposed to be more robust and easier to implement as a pol-
icy target than emissions-rate or concentration targets (Allen et al.,
2009). However, difficulties translating carbon budgets into some-
thing governments can control, such as shorter-term emission tar-
gets, have also been pointed out (Victor, 2009).

In 2013, the IPCC working group I (WGI) presented a range of
carbon budgets associated with various likelihoods of staying
below a 2-degree limit. For a better than likely chance of keeping
the increase in global average surface temperature caused by CO2

emissions below 2 degrees, the associated budget of cumulative
emissions from 1870 and on is no greater than 3667 Pg CO2. This
budget drops by about one-fifth if non-CO2 emissions are taken into

http://dx.doi.org/10.1016/j.foreco.2016.07.015
0378-1127/! 2016 Elsevier B.V. All rights reserved.

q This article is part of an special issue ‘‘Sustainability of increased forest biomass
harvest from a Swedish perspective” published in the journal Forest Ecology and
Management 383, 2017.
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a  b  s  t  r  a  c  t

Ecosystem  services  (ES)  is a significant  research  topic  with  diverse  modelling  and  mapping  approaches.
However,  the  variety  of approaches—along  with  an  inconsistent  terminology—cause  uncertainties  con-
cerning  the  choice  of methods.  This  paper identifies  and  qualitatively  assesses  methods  for  mapping  ES
in terrestrial  landscapes,  based  on a systematic  review  of the  scientific  literature.  It  further  aims  to  clarify
the  associated  terminology,  in  particular  the  concept  of landscape  and landscape  scale.  In total,  347  cases
of ES mapping  were  identified  in  the  reviewed  papers.  Regulating  and maintenance  services  were  most
commonly  mapped  (165),  followed  by  cultural  (85),  and  provisioning  services  (73).  For  individual  ES,  a
large  variation  in number  of  mapping  cases  was  found.  This  variation  may  either  reflect  the perceived
importance  of the ES, or that  different  ES can  be  more  or less  easily  mapped.  Overall,  Logical  models  and
Empirical models were  most  commonly  used,  followed  by Extrapolation, Simulation/Process  models,  Data
integration,  and  Direct  mapping.  Only  twelve  percent  of all ES  mapping  cases  were validated  with empir-
ical  data.  The  review  revealed  highly  diverging  views  on  the  spatial  extent  of landscapes  in studies  of  ES,
and that the  term landscape  is  sometimes  used  rather  arbitrarily.

©  2016  Elsevier  Ltd.  All rights  reserved.
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 Progress - Objective 1	  

 
 

Associated output: EFI report & Chatham house response 
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