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This protocol documents the steps as taken in this systematic review. It was
prepared following the guidance and recommendations for systematic reviews as in
the scientific community (1, 2).

Definition of scope and aims

The systematic review is aimed at analyzing the state of knowledge concerning
effects on sustainable development caused by the production and collection of
bioenergy inputs (crops, materials) in specific regions. The systematic review focuses
on the following impact categories: social, economic, institutional, environmental,
and technological (including food security and human health as a social). The review
is based on the assumption that if production of a bioenergy resource’ impacts any
of the focus categories it also impacts sustainable development. Thus analyzing the
reported impacts on these focus categories will facilitate an overview of the state of
knowledge regarding the impacts from bioenergy production on sustainable
development.

The sample was determined by the following criteria:

Topic = (deforestation OR livelihood* OR "environmental impact*" OR "social
impact*" OR "land tenure" OR "land grabbing" OR participation OR "labor rights" OR
"labour rights" OR "food security" OR "food insecurity" OR conflict* OR "population
growth" or "indigenous people" OR equity OR "water scarcity" OR "land
competition" OR biodiversity OR income OR "economic" OR "traditional technology"
OR "modern technology" OR "technology transfer" OR "sustainable development"
OR sustainability) AND Topic=(bioenergy OR biofuel) NOT Topic=(meteorology OR
gaseous OR "greenhouse gas*" OR hydrogenation OR "carbon dioxide" OR aerobic
OR pyrolysis OR microscope OR thermodynamic OR thermochemical OR "Fischer-
Tropsch")

Refined by: Web of Science Categories = ( ENERGY FUELS OR ENVIRONMENTAL
SCIENCES OR AGRICULTURAL ENGINEERING OR ENVIRONMENTAL STUDIES OR
ENGINEERING ENVIRONMENTAL OR INTERNATIONAL RELATIONS OR AGRONOMY OR

1 In this systematic review we distinguish the following biomass resources: forest residues, unutilized
forest growth, agricultural residues, dedicated biomass forest or agricultural plantations and organic waste.



LAW OR ECOLOGY OR FORESTRY OR NUTRITION DIETETICS OR ECONOMICS OR
ETHICS OR AGRICULTURE MULTIDISCIPLINARY OR PUBLIC ADMINISTRATION OR
FOOD SCIENCE TECHNOLOGY OR MULTIDISCIPLINARY SCIENCES OR PLANNING
DEVELOPMENT OR BIODIVERSITY CONSERVATION OR SOCIOLOGY OR
AGRICULTURAL ECONOMICS POLICY OR AREA STUDIES OR WATER RESOURCES OR
HISTORY PHILOSOPHY OF SCIENCE OR GEOGRAPHY OR ANTHROPOLOGY OR
GEOGRAPHY PHYSICAL OR SOIL SCIENCE OR POLITICAL SCIENCE OR PUBLIC
ENVIRONMENTAL OCCUPATIONAL HEALTH OR GEOSCIENCES MULTIDISCIPLINARY
OR TRANSPORTATION ) AND Document Types=( ARTICLE ) AND Research Areas=(
ENERGY FUELS OR ENVIRONMENTAL SCIENCES ECOLOGY OR AGRICULTURE OR
ENGINEERING OR FORESTRY OR BUSINESS ECONOMICS OR FOOD SCIENCE
TECHNOLOGY OR PUBLIC ADMINISTRATION OR BIODIVERSITY CONSERVATION OR
WATER RESOURCES OR GOVERNMENT LAW ) AND Languages=( ENGLISH )

Timespan=2008-01-01 - 2013-04-17. Databases=SCI-EXPANDED, SSCI, A&HCI.

This gives a basic set sample of 1175 articles. Then we selected a subset of the these
articles randomly (n= 873 articles = 74.30%) (see excel file “Article selection and data
extraction” included in this supplementary information). The sheet “basic set”
includes all 1175 articles; the sheet “Appraisal results” includes all 873 articles
included in the appraisal and the results, the first 541 are those articles that passed
the appraisal.

Research questions
The review aims to respond to the following questions:

1. Where do the impacts from bioenergy resource production on sustainable
development take place?

What is the evidence for the purported impacts?

How are impacts attributed and measured?

Are there certain context conditions that enable observed impacts?

Are reported impacts specific to particular biomass resources?
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Search for and selection of evidence

A systematic review shall keep strength criteria for selecting the evidence. Making
exceptions will create inconsistencies (2, 3) The selection of publications was done as
follows:

1. Search in two scientific collections: Web of Science and Science Direct (all
databases).
2. Out of the 1175 articles 74.3% (n=873) were included in the appraisal.

Quality appraisal

The aim of this step is to validate that all articles selected should be included in the
review (2). Thus the quality appraisal consists of a fast assessment of the paper in
order to determine if an article should be excluded. This appraisal will be done using



an excel table, previously prepared. That increases consistency, reduces bias and
facilitates the work of the reviewers.

Procedure:

Criteria for article exclusion Yes | No

The article is NOT a meta-analysis or a review of other articles (if the
article is a meta-analysis the answer is NO)

The article discusses at least one of the focus impact categories (i.a.
social, economic...)

The article deals with at least one of the biomass resource categories
included in the systematic review (cf. Tab. 1)

If any of the previous questions is answered with “no”, the article will be excluded
from the review. Meta-analysis and reviews shall be excluded in order to avoid
“double accounting” of a given article.

Rules:

- Articles are distributed randomly among co-authors.

- If a co-author of the review has participated in the specific article (as co-author or
reviewer), she/he shall give the specific article back and will receive a new one
instead.

Results: after the appraisal 541 articles passed the appraisal criteria (n=46.06% of
the full sample and 61.97% of the sub-sample included in the appraisal). These 541
articles are the sub-set 2 used as basis for the data extraction, for which the data
extraction was conducted (see excel file “Article selection and data extraction”,
sheet Appraisal results.

Data extraction and synthesis

The data extraction was done on over 75.4% of articles out of the sub-sample and
selected randomly (n=408 of the from the remaining article after the appraisal — sub-
set 2) We used an Excel format previously prepared, where all criteria for the data
extraction and the given options for answers are included (see in this supplementary
material excel file “Article selection and data extraction” sheet Data extraction-set)

The time used for the data extraction was between October 28th, 2013 and July 15th,
2014. Each reviewer extracted the specific data per article according to the tables 1-
4, These tables were included in an Excel format for facilitating the whole review.

Table SI1 presents the criteria and assessment values regarding characterization of
the publication (see explanations below the table, see excel file “article selection and
data extraction”, sheet data extraction and characterization for the results, and excel
file included in this supplementary material).

Table SI1: Characterization



Category

Aspect

Answer

Publication

Complete reference (given)

Reviewers

Reviewer's name

Characterizatio
n

Type

Options given (single answer):
- Method or framework description
- Case study (one or multiple)
- Combination of method/framework
description and case studies
Additional space for comments provided
(optional)

Biomass resource
category’

Options given (4, 5)(multiple answers):

- Forest residues

- Unutilized forest growth

- Dedicated biomass forest plantations

- Combined forest sources

- Agriculture residues

- Dedicated biomass agricultural plantations

- Organic waste

- Combined agricultural resources

- Combined forest and agricultural resources
Additional space for comments provided
(optional)

Region

Options given (single answer):

- Global

- Africa

- Asia

- Europa

- North America

- Central and South America

- Oceania

Additional space for comments provided
(optional)

Country

A list of all UN countries will be given per region
(single answer). An option “various countries” will
be given for those cases when an article presents
results from different countries. This option can
be combined either with a region (when all
countries are in the same region) or global (when
the countries are in different continents)
Additional space for specific list of countries
(optional)

Measurement or
model

Options given (single answer):
- Measurement (including current and/or past
measurements)

2 See section 10 for definitions of each category.




Category Aspect Answer

- Model

- Mixed
Assessment Options given (single answer):
method - Qualitative

- Qualitative and explicit

- Explicit quantification

- Implicit quantification

Additional space for comments provided
(optional)

Explanations:
Measurement or model?
Here we distinguish between three possible types of papers:

- Measurement/observation, i.e. existing cases are assessed based on
gualitative or quantitative data and observations direct from the field (e.g. XX
ha of native forest were cleaned for planting palm oil or local population
reports abuse regarding land use).

- Model, i.e. impacts are calculated using models, based on assumptions or
extrapolations in the model (e.g., scenario development, integrated
assessment modeling, LCA)

- Mixed: impacts are calculated based on specific (for the study reported in the
article) measurements or estimations, including historical data.

Assessment method:
The types of methods considered are:

1. Implicit qualitative: either descriptive or argumentative. These articles present
qualitative results of impacts on sustainable development (potential or
experienced) Assumptions or rules for attribution are not explicit

2. Qualitative and explicit: either descriptive or argumentative. In these articles
impacts on sustainable development (potential or experienced) are
presented/reported AND assumptions or rules for attribution are explained

3. Explicit quantification: when the paper:
a. Presents a quantification of impacts on sustainable development, AND
b. rules and assumptions for attributing impacts on sustainable
development are explicitly clarified or documented in the given article
(rules can be given as per norms, e.g. if an article says that the LCA was
done following the ISO norm)

4. Implicit quantification: when the paper:
a. Presents quantitative results of impacts on sustainable development, BUT
b. Rules and assumptions for attributing impacts on sustainable
development are NOT explicitly clarified or documented in the given
article




Table SI2 below presents how context conditions were included in the review.
Context conditions are conditions existing prior to an intervention.

Explanations:

There are three possible answers, yes, no or n/a (not -available). Answers (yes, no or
not -available) are given according to what is explicitly reported in the article. That
means:

“Yes” is used when the specific condition is reported as fulfilled.
“No” is used when the specific condition is reported as unfulfilled.
“not-available” is used when the article doesn’t consider the specific
condition.

Results from the context conditions are included in the excel file “Article selection
and data extraction” sheet Data extraction-Conditions which is included in this
supplementary material.



Table SI2: Conditions

Context conditions

Yes

No

n/a

General conditions are mentioned (e.g. description of the area, some
description of social group involved and their living conditions)

Institutional

The majority of households have access to energy
Land tenure clarified

Landscape management plans exist

Landscape policies exist and are enforced
Participation mechanisms are in place
Mechanisms for sectorial coordination are in place

Existing and enforced labor rights legislation
Additional space for comments provided (optional)

Social

Existing deficit in food access and/or supply
Existing social conflicts

Population growth is expected

Awareness about indigenous knowledge

Existing social networks/ stakeholder organizations
High average human capacity and skills

Low average human capacity and skills

Equity mechanisms are in place

Social inequity (any type) reported as existing
previous any bioenergy production
Additional space for comments provided (optional)

Natural

Land is available for people living in the area

Water for agriculture/forestry is available for
people living in the area

Drinking water is available to people living in the
area

Land (use) competition previous any intervention is
reported in the article

Air quality is reported as good

High biodiversity index

Additional space for comments provided (optional)

Economic

Availability of capital

Existing crediting mechanisms

Sharing mechanisms of economic benefits in place
Additional space for comments provided (optional)

Technology
and
infrastructure

Traditional technologies

Modern (industrial) technologies

Combination of modern and industrial technologies
Technology is available to major local stakeholders




Mechanisms for technology development and/or
transfer given

Additional space for comments provided (optional)

Table SI3 presents the potential impacts on sustainable development per focus
category while table 4 presents the corresponding data and values to be assessed
per each potential impact. The co-authors were requested not to make a judgment,
but to extract what and how is reported in the article.

Results regarding potential impacts are included in the excel file “Article selection
and data extraction” sheet Data extr —Potential impacts, which is included in this
supplementary material.

Table SI3: Potential impacts

Category Potential impacts on

Energy independence

Impacts on and tenure for local stakeholders

Cross sectorial coordination (+) or cross-sectorial conflicts (-)
Impacts on labor rights (recognition and/or empowerment)
and conditions along the value chain

Participative mechanisms for small-scale producers
Additional space for comments provided (optional)

Food security or food production (negative if reduced or
positive if improved)

Conflicts or social tension

Impacts on Traditional or indigenous management practices
Displacement of farmers

Institutional
Issues

Social and _ - '
health Capacity building and new skills

Women

Elderly people

Specific ethnic groups

Health impacts

Additional space for comments provided (optional)
Deforestation or forest degradation

Use of fertilizers with negative impacts on soil and water
Soil and water

Biodiversity

Displacement of activities or other land uses

Direct substitution of GHG emissions reductions from fossil
fuels

Additional space for comments provided (optional)

Economic activity and income per family/per household
Economic Economic diversification

Market opportunities (+ if it increases opportunities and — if it

Environmental




decreases opportunities)
Prices of feedstock
Concentration of income (- if it promotes concentration and +
if it promotes deconcentration of income)
Poverty (being (+) if it contributes to reduces poverty or (-) if it
increases poverty (
Using waste and residues creates socio-economic benefits
with little/no environmental risk
Certainty about mid and long-term revenue
Employment ( being employment creation (+) or employment
reduction (-))
Additional space for comments provided (optional)
Technology development and transfer (being (+) when
promoting it or (-) when disincentivating it
Infrastructure coverage (

Technological Access to infrastructure
Labor demand (New technology increase labor demand (+) or
reduce labor demand (-))
Additional space for comments provided (optional)

Table SI4: Possible answers to potential impacts

Is the potential impact considered in the article? yes | no

Is the impact considered positive, negative or

neutral? + - n
Do the authors use quantitative indicators? yes | no
Which indicators?

Range of results?

+ = Positive, - = Negative, n = Neutral

Methods for addressing the research questions

The research questions will be addressed using descriptive statistics. If possible (i.e.
if the data basis is not too heterogeneous) t-tests (or U-tests, depending on the
distribution in the sample) and / or cluster analysis. Descriptive statistics and cluster
analyses will be used to enunciate hypotheses about correlations and differences
between classes in the sample, which will be tested by t-tests (or U-tests). The
combination of these methods has a further advantage for this systematic review as
it allows an iterative process of knowledge discovery and a multi-objective
optimization as a result of many rounds of trail and failure.?

Depending on the comparability of the data among all articles, the research
guestions will be broken down into more specific questions that allow identifying
clusters of answers.

3 Descriptive statistics will suggest correlations which can then be tested. It is not sensible to a
priori hypothesize correlations before scanning data



Depending on the quality and comparability of the data basis one can expand the set
of specific questions according to the evolution of the analysis. We will analyse the
possibility to get different types of clustering (from hierarchical to density-based)
that can be used according to the data extracted and to the specific questions. The
detailed assessment steps will be documented.

Guidance for co-authors
All authors accept the following rules for collaboration:

- No one can review an article in which she/he has been included either as a
co-author or a reviewer

- No one will promote own results or findings. This is a source of bias that shall
be avoided in a systematic review.

- We commit with a schedule (see section 8). Some delays are understandable,
but if a co-author doesn’t provide feedback within a reasonable period the
research can not continue. If there is a serious delay, without any
communication to the lead author in sending the appraisals or the articles
data the lead author can delete the name from the list of co-authors

- In principle we will try to achieve consensus. If disagreement remains, the
lead author will prepare a proposal for a reasonable compromise. If no
agreement can be achieved the authors will vote. Simple majority decides
(n=50%+1). In the case of a standoff, the final ballot is with the lead author. If
an author still disagrees, she/he can leave the publication. His/her name will
then be included in the acknowledgments.

Access to data and assessment proceedings

The following material will be prepared:
1. Protocol
2. Excelfiles (2); one for the appraisal and one for the data extraction
3. Excel with data compilation (managed by the lead author)
4. Tables with the statistic assessment (managed by the lead author)
5. Drafts and final manuscripts.

All co-authors will receive/have access to all material.
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Working definitions

Biomass resource category

1. Forest residues: Residues from silvicultural thinning and logging; wood
processing residues such as sawdust, bark and black liqguor; dead wood from
natural disturbances, such as storms and insect outbreaks (irregular source).
Residue removal rates need to be controlled considering local ecosystem
including biodiversity, climate, topography, and soil factors. ILUC affects are
mostly negligible but may arise if earlier uses are displaced or if soil productivity
losses require compensating production. There is a near term trade-off in that
organic matter retains organic C for longer if they are left on the ground instead
of being used for energy.

2. Unutilized forest growth: The part of sustainable harvest levels (often set
equal to net annual increment) in forests judged as being available for wood
extraction, which is above the projected biomass demand for producing other
forest products. Includes both biomass suitable for, e.g., pulp and paper
production and biomass that is not traditionally used. The resource potential
and mitigation benefit depend (besides fossil C displacement efficiency) on both
environmental and socio-economic factors: the change in forest management
and harvesting regimes due to bioenergy demand depends on forest ownership
and the structure of the associated forest industry; and the forest productivity
and C stock response to changes in forest management and harvesting depend
on the character of the forest ecosystem, as shaped by historic forest
management and events such as fires, storms and insect outbreaks.

3. Agriculture residues: Manure (given separately in parenthesis and not
included in the agriculture residue potential); harvest residues (e.g., straw);
processing residues (e.g., rice husks from rice milling). Similar environmental
restrictions on harvest residue removal as for forests. ILUC effects and timing of
C flows also similar, although the longer term soil C trade-off may be less than
previously believed. Residues have varying collection and processing costs (in
both agriculture and forestry) depending on quality and how dispersed they are,
with secondary residues often having the benefits of not being dispersed and
having relatively constant quality. Densification and storage technologies would
enable cost effective collections over larger areas.

4. Dedicated biomass plantations: including annual (cereals, oil- and sugar crops)
and perennial plants (e.g., switchgrass, Miscanthus) and tree plantations (both
coppice and single-stem plantations, e.g., willow, poplar, eucalyptus, pine).
Higher end estimates presume favourable agriculture development concerning




land use efficiency - especially for livestock production - releasing agriculture
lands for bioenergy. Diets are a critical determinant, given the large land
requirements to support livestock production. Large areas presently under
forests are biophysically suitable for bioenergy plantations but such lands are
commonly not considered available due to GHG, biodiversity and other impacts.
Grasslands and marginal/degraded lands (uncertain extent and suitability) are
commonly considered as available for bioenergy, but their use require careful
planning and crop selection to avoid negative impacts concerning GHG balances,
water availability, biodiversity, and subsistence farming and equity.

5. Organic wastes: Waste from households and restaurants, discarded wood

products such as paper and demolition wood, and wastewaters suitable for
anaerobic biogas production. Organic waste may be dispersed and also
heterogeneous in quality but the health and environmental gains from
collection and proper management through combustion or anaerobic digestion
can be significant. Also must consider whether the waste had an alternative use
that will need to be met from some other source.

Dimensions

Issues included (non-conclusive list)

Social and
human assets

Population growth and migration, level of education, human
capacity, existence and forms of social organization, individual
skills, indigenous knowledge, cultural values, equity and health

Natural Availability of natural resources (land, forest, water, agricultural

assets land, minerals, fauna), GHG balance, ecosystem integrity,
biodiversity conservation, ecosystem services, ecosystem
productive capacity, climate change resilience and vulnerability

State of Availability of infrastructure and technology, technology

infrastructure | development, appropriateness, acceptance

and

technology

Economic Credit capacity, employment creation, income, wealth

factors/assets | distribution/distribution mechanisms, carbon finance, available
capital/investments

Institutional Land tenure and land use rights, participation and decision making

arrangements | mechanisms (e.g. through FPIC), sectoral and cross-sectoral

policies, investment in research

Based on (6-10)
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