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Executive Summary
“...The core values that underpin sustainable development - interdependence, empathy, equity, personal
responsibility and intergenerational justice - are the only foundation upon which any viable vision of a
better world can possibly be constructed”.
From: "Capitalism - as if the world matters" by Jonathon Porritt, environmentalist and writer (2005).
Sustainable development is a challenging concept since it encompasses so many different things. It is
meant to combine social progress, economic development and environmental responsibility by focusing
on people, planet and profit.
It is a common understanding that people nowadays live longer, and that the global population is
rising. It is expected that by the year 2100 there will be over 10 billion people living on the planet. This
significant increase is perhaps one of the most important reasons why sustainable development is so
important.
This report gives the outcome of the project titled “Assessing Sustainable Development for the
United Nations Global Sustainable Development Report”. The report intends to reflect on a wide range of
perspectives on sustainable development, both in terms of different scientific communities and the
political level of decision making. It aims to be a contribution in the preparation for the second Global
Sustainable Development Report (GSDR), prepared by the Division for Sustainable Development (DSD)
of the United Nations Department for Economic and Social Affairs (UN DESA).
The report includes two main sections: Policy Briefs and Science Digests. The first aims to map
some of the major global and cross-sector scientific assessments which have been acknowledged as
influential in their findings by a majority of scientists worldwide. The second attempts to bring the scientific
community and policy makers closer together by describing seven ‘Emerging Issues’. The emergence of
the issues either represent a new field in science, a neglected angle, new impacts or new phenomena.
The main findings of the Policy Briefs and Science Digests can be found in Table 1 and Table 2.
Both sections based their selection of topics on personal background and interest. Literature
study has been used as the main method of research. Validation has been carried out by experts in the
corresponding fields of expertise. Furthermore, for the second section, expert interviews were conducted
as an additional research method as well as for validation purposes.
In the discussion chapter there is a critical reflection on the strengths and limitations of the
research approach. It reflects on the collaboration of the teams and evaluates the criteria for topic
selection, expert selection and the research methods that were used.
The report concludes by discussing linkages between the assessments and the emerging issues
that have been studied. It is graphically shown that all assessments and Digests are related to one or
more focus areas of the Sustainable Development Goals (SDGs). This linkage reflects the need for an
interdisciplinary approach to achieve sustainable development. This means that combining different
science domains is important for turning sustainable development targets into reality.

Table 1: Summary Policy Briefs

International
Assessment
Intergovernmental Panel
on Climate Change (IPCC)

Main findings

Critiques

Relevance to SD

Focus on efficiency improvements,
strengthening developing countries, incentives
for producers and consumers, integrated
adaptation governance
Provision of sufficient and safe water supplies
for the growing urban population needs to go
hand in hand with improving other urban
infrastructure
Recognize multi-functionality of agriculture,
create space for diverse voices and
perspectives, increase investment in agricultural
sciences, and create economic incentives and
policies that encourage sustainable farming,
utilize less chemically intensive agriculture.
Established a base line for global marine
diversity, distribution and abundance. Human
impacts on marine environments span
thousands of years. In the future, climate
change will have the greatest impact.

Too conservative predictions, long
time between assessments, too
broadly focused in order to be
understandable for policy makers
Urban population now relying on
improved water supplies is very low.

SDG 8: Curb HumanInduced Climate Change
and Ensure Clean
Energy for All
SDG 7: Empower
Inclusive, Productive
and Resilient Cities

Disagreement with IAASTD’s critique
of liberalist trade policies and GMOs,
balance of scientific sources
questioned as well as possible bias of
final report

SDG 6: Improve
Agriculture Systems and
Raise Rural Prosperity

Decentralized organization and lack
of focus.

Millennium Ecosystem
Assessment (MA)

Focus on ecosystems’ changes that arose from
human development in the last 50 years, and
the need to modifying existing policies,
institution and practices that can mitigate the
ongoing degradation.

Ecosystem degradation will continue
without a change in policy.

Global Environmental
Outlook (GEO)

Uneven progress has been made on current
internationally-agreed goals. GEO’s analysis
shows that trends need to be fundamentally
different from those expected without additional
policies. These responses need to focus on the
root causes - the underlying drivers of
environmental changes - rather than only the
pressures or symptoms.
Necessity of government policies, institutional
processes and subsidies to: propel energy
efficient technologies, promote research and
development, and help technologies scale-up.

How enforceable these commitments
are remains unclear. Many scholars
have criticized the impact
environmental policy conferences
have had establishing binding
government commitments that tackle
major environmental issues.

SDG 9: Secure
Ecosystem Services and
Biodiversity, and Ensure
Good Management of
Water and Other Natural
Resources
SDG 9: Secure
Ecosystem Services and
Biodiversity, and Ensure
Good Management of
Water and Other Natural
Resources
SDG 10: Transform
Governance for
Sustainable
Development

World Economic Social
Survey (WESS)
International Assessment
of Agricultural Knowledge,
Science, and Technology
for Development (IAASTD)
Census of Marine Life

The Global Energy
Assessment Council (GEA)

Certain sponsorships on the GEA,
probability of exceeding two-degree
limit, lack of complete and
comparable studies

SDG 8: Curb HumanInduced Climate Change
and Ensure Clean
Energy for All

Table 2: Summary Science Digests

Emerging Issue

Cluster

Current status

Scientific debate

Future targets and goals

Ocean
Acidification

Sustainable
Ocean Use

Importance of CO2-emission
reduction in climate change debate,
pH threshold value

No further decrease in pH, focus
on reduction of atmospheric CO2
in current agreements

Microbial
Ecology

Sustainable
Ocean Use

Research still being done. Although
promising, no certainty on full
potential of microbial life.

Biocatalysis

Sustainable
Production and
Consumption

Acidifying oceans due to
increasing CO2 emissions,
affecting species that form
shells and plates
Microbial marine life is
underrepresented in policy
while scientific research
shows promising applications
Use of biocatalysts (enzymes)
in chemical industry for more
sustainable production

E-waste

Sustainable
Production and
Consumption

Contrary to what is commonly
thought, E-waste is not merely flowing
from ‘rich’ countries to ‘poor’
countries.

Protein
Substitutes

Sustainable
Production and
Consumption
And Food
Security and
Sustainable
Agriculture
Food Security
and
Sustainable
Agriculture

E-waste is growing each year,
with low resource recovery,
chemical pollution of the
environment and implications
for human health
Food and feed production are
mainly responsible of
environmental and human
impact in the livestock sector

Establishment of global
biodiversity assessment, including
microbial life and stimulation in
application of bioreactors.
Use of biocatalysts instead of
chemical catalysts, increase
conversion rate of biocatalysts,
reduce the effect of waste in
chemical industry using
biocatalysts
More responsibility for producers
of electronic goods, and safe and
efficient recovery of valuable
metals in E-waste

Importance of novel and less novel
protein substitutes for feed and food
in the livestock sector, in regards of
mitigation of the impacts in the sector

Increase application, research and
development, legislation,
presence on the market of protein
substitutes

Agricultural P inputs are used
inefficiently in China and this
leads to environmental
pollution as well as depleting
natural phosphate rock
reserves

‘Timeline’ of remaining phosphate
rock reserves, importance of China in
securing global P security: how the
country will meet food security
challenges while improving P
resource-use efficiency and
environmental sustainability
Whether to see large-scale land
investments as an opportunity or a
threat for development and poverty
reduction

Improve animal husbandry
infrastructure and waste
management, prevent erosion,
improve fertilizer recommendation
and application methods and look
into P recycling options

Phosphorus (P)
Security in China

Land
Investments

Food Security
and
Sustainable
Agriculture

Rapid increase of large-scale
land investments worldwide

More efficient production and less
waste, greater focus on sustainable
manufacturing places biocatalysis at
the top of the green chemistry
movement

Better governance on and
assessment of large-scale land
investments

Preface
This report was written for the United Nations Policy Analysis Branch, Division for Sustainable Development
of the Department for Economic and Social Affairs (UN DESA). The purpose of this report is to provide an
in-depth description of the important developments in sustainable development and in sustainability
science.
The report was prepared by the “externs”; Masters students from the State University of New York
College of Environmental Science and Forestry (SUNY-ESF) and from Wageningen University and
Research Centre (WUR), as a contribution to the 2014-15 Global Sustainable Development Report
(GSDR). The GSDR aims to reflect on a wide range of perspectives on sustainable development and
identifies ways of improving the science-policy interface. The SUNY-WUR student collaboration made this
report possible, as well as the guidance offered by contact persons within the UN, and it is hoped that the
materials synthesized in the report will be interesting not only for policy-makers, but also to other high level
officials.
This report contains several sections, starting with an introduction to the project and a description of
the methods that were used. It follows with the body of the report: the Policy Briefs and the Science Digests.
The Policy Briefs start with a general introduction to the assessment, followed by a methods and
participants section, a section on basic budgetary structure, and a list of the assessment’s main policy
findings. Finally, debates surrounding the assessment are presented. The Policy Briefs are followed by
Science Digests on Emerging Issues. All seven Science Digests also share the same format, starting with
an introduction of the topic and its relevance, followed by the description of the ideas concerning the issue
within the scientific community. Each Science Digest ends with several goals, based on expert interviews
and literature review that the scientific community suggests regarding the topic. In addition, all Science
Digests include their own references and methods (in addition to the general methods). Many research
findings are often not included in policy-making and the Science Digests will provide important emerging
issues to be brought to the attention of policy makers. Together, the Science Digests and Policy Briefs
make up a coherent, synthesized compilation of materials that aim to contribute to the improvement of the
science-policy interface through the inclusion of contemporary discussions on sustainable development.
While the Policy Briefs and Science Digests have their individual conclusions, there are also general
conclusions considering the inter-linkages between Policy Briefs and Science Digests and a discussion on
the project as a whole. As such, there is an additional discussion and conclusion for the whole project.
Sustainable Development is an important movement and, while it enjoys much attention, as evidenced
by the Policy Briefs on the latest sustainable development assessments, there are areas, as described by
the Science Digests, that could be explored more thoroughly.
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Introduction
Graduate students from the State University of New York College of Environmental Science and Forestry
and Wageningen University worked as UN “externs” on the “Assessing Sustainable Development for the
United Nations Global Sustainable Development Report”. This project gave the two consultancy teams an
opportunity to work as part of an international interdisciplinary team. Our team analysed seven current
scientific assessments, produced seven Policy Briefs, and developed seven Science Digests on emerging
issues in sustainable development. The following briefs and digests are intended to provide the reader
with an overview of specific sustainable development issues.

Background

Sustainable development1 is a popular term that has been used frequently by scientists and policy
makers for decades. Everybody knows what sustainable development means, but at the same time there
is hardly any consensus on what it entails. The United Nations (UN) is an important organization in this
area that has put high emphasis on issues concerning sustainable development. However, in order to
understand the current position of sustainable development, and the position of this report, a brief history
of Sustainable Development will be provided first.
Natural and social scientists have highlighted sustainable development issues from the 1960’s
onwards. They recommended an integrated policy analysis, which is still relevant. Linking social,
environmental and economic dimensions was, and still is, an important feature (United Nations, 2013).
The concept of sustainable development gained more strength after the Brundtland report of
1987, where a definition of sustainable development was phrased in such a way that it is still a workable
definition nowadays. This report focused on the new possibilities for economic growth based on
sustainable policy making and expanding the environmental resource base. This would also be of great
importance in reducing poverty in the developing world (Brundtland et al.,1987).
In 1992 the Earth Summit was held in Rio de Janeiro, which can be viewed as the first UN
conference on sustainable development. This conference resulted inter alia in ‘Agenda 21’, the ‘Rio
Declaration on Environment and Development’ and the establishment of the Commission on Sustainable
Development (Maekin, 1992). Agenda 21 has been adopted by almost every nation worldwide and it
entails nations agreeing to create a global partnership to reverse the environmental degradation of the
planet (Sitarz, 1993). The Rio Declaration on Environment and Development contains 27 principles that
stimulate further global partnership in order to converge towards a more sustainable world (UN General
Assembly, 1992).
Ten years later, the World Summit on Sustainable Development was held in Johannesburg,
South Africa. The ‘Johannesburg Declaration’, a document containing 37 principles that extend further
commitment to sustainable development, was the main outcome of the summit (United Nations, 2002).
The latest UN conference on sustainable development took place one year ago: Rio+20. This was the
first conference where the scientific community was well represented (United Nations, 2013). One of the
reasons for this was the emergence of sustainability science2 as a new interdisciplinary, unified scientific
field of study in the past decade (United Nations, 2013). During the Rio+20 Conference, it was decided to
‘establish a universal, intergovernmental, high-level political forum […] subsequently replacing the
Commission on Sustainable Development’ (United Nations, 2012, p. 16). The high-level political forum is
meant to work on the follow up on the implementation of SD. One of the tasks is creating the first and
second Global Sustainable Development Report (GSDR). The integration of the scientific community in
this is seen as something very valuable.

1

Sustainable development: “development that meets the needs of the present without compromising the ability of future generations
to meet their own needs” (Brundtland et al.,1987). There are many different definitions of sustainable development. We adopt
Brundtland’s definition, because it is a very widely accepted definition of sustainable development and is still widely in use today.
For an elaborate discussion on the concept ‘sustainable development’ throughout the years, see Mebratu (1998).
2
Sustainability science is a “field of research dealing with the interactions between natural and social systems, and with how those
interactions affect the challenge of sustainability: meeting the needs of present and future generations while substantially reducing
poverty and conserving the planet's life support systems” (PNAS, 2013).
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It is clear that sustainable development has been seriously studied and discussed throughout the
years but this is also an obstacle. In writing the GSDR, one of the main sources of information comes
from past assessments on sustainable development. Since sustainability science is such a flourishing
field of study, the number of assessments on sustainable development is extremely high. To illustrate
this; by 2010 roughly 37,000 different authors contributed, directly or indirectly, to the sustainable
development assessments, based in 174 countries (United Nations, 2013).
One difficulty is that there exists a vast array of different views on sustainable development
among scientists. Different perspectives on the topic among different scientific communities result in a
very broad range of assessments across sectors. The assessments consist of information that is highly
important for policy makers, but is currently not written in an accessible manner. As has been stated by
the United Nations (2013); “The time has come to reconnect science and policy”.

Part 1: Policy Briefs (ToR 2)
The Terms of Reference for Task 2 required the ESF consultancy team to write policy briefs on major
global and cross-sectoral scientific assessments relevant to sustainable development. The scientific
assessments we wrote policy briefs on are internationally acknowledged as influential in their fields. For
this reason, we consider the findings within these assessments important for policy makers. These major
assessments include: Intergovernmental Panel on Climate Change (IPCC), World Economic Social
Survey (WESS), International Assessment of Agricultural Knowledge, Science and Technology for
Development (IAASTD), Census of Marine Life, Millennium Ecosystem Assessment (MA), Global
Environmental Outlook (GEO) and the Global Energy Assessment Council (GEA). The briefs on these
assessments include literature reviews of published and peer-reviewed reports and articles, information
gleaned from the assessments themselves, and additional information sourced from various
stakeholders. The Policy Briefs provide an overview of (1) the institutional setup of each assessment; (2)
the assessments policy recommendations; (3) the influence the assessments have within the sciencepolicy interface and (4) on-going debates surrounding the assessments. Experts, who personally
contributed to the assessments, gave their feedback on each brief’s accuracy, relevancy, inclusiveness,
and accessibility.

Part 2: Science Digests (ToR1)
With the purpose of informing policy makers of emerging issues according to the scientific community,
this part of the report describes seven ‘Emerging Issues’3. The emergence of an issue can entail a new
field in science (marine microbial ecology), a neglected angle (the position of labour in the discussion on
large-scale land investments) or new impacts (phosphorus use in China’s agriculture). Particular domains
were selected, based on the authors’ areas of expertise. For example, Carmen Chan, with a background
in International Development Studies, focused on E-waste. After exploratory interviews and literature
research, the smaller emerging issue was determined. In the example this led to the focus on the
overlooked area of logistics of E-waste. The issues address three goals related to sustainable
development: 1) Sustainable Ocean Use, 2) Sustainable Production and Consumption and 3) Food
Security and Sustainable Agriculture. The topic of Protein Substitutes addresses Sustainable Production
and Consumption as well as Food Security and Sustainable Agriculture. The topics for the emerging
issues have been selected in such a manner that all three aspects of sustainable development are
addressed (Figure 1). The Science Digests have been based on both literature study as well as expert
interviews and have been validated by some of these experts and experts contacted specifically for this
purpose.

3
An Emerging Issue is defined as a topic that is currently of interest to the scientific community, but hasn’t caught sufficient
attention of policy makers.
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Sustainable
Ocean Use

Sustainable
Production and
Consumption

Food Security
and Sustainable
Agriculture

Ocean
Acidification

E-waste

Large-Scale Land
Investments

Marine Microbial
Ecology

Biocatalysis

Phosphorus use
in China’s
Agriculture

Protein
Substitutes
Figure 1. Position of the seven Emerging Issues of the Science Digests within the three dimensions of
People, Planet and Profit.

Figure 2. Position of the seven Sustainable Development Assessments within the three dimensions of
People, Planet and Profit
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Research Methods
General Methods
The methods used to compile the research for the final Policy Briefs and Science Digests were similar to
one another. The SUNY-ESF student team focused primarily on mapping scientific assessments for
sustainable development in critical and concise Policy Briefs, while the WUR student team focused
primarily on preparing Science Digests for policy makers.
The topics for both the briefs and the digests were selected based on individual team member
background, expertise, and interest. A preliminary literature review was conducted for both ToRs and is
referenced throughout the making of this document. The Policy Briefs were largely based on the
information gleaned from the scientific assessments they summarized, while the WUR team’s Science
Digests required a more elaborate study on the broader scientific debate surrounding emerging issues in
sustainable development. In an effort to tease out the most pressing emerging issues, the WUR team
conducted interviews with experts in the sustainable development field.
Experts validated both the briefs and the digests as both accurate and relevant. The Policy Briefs
were reviewed by experts who personally contributed to the production of one or more of the scientific
assessments briefed in this document. These experts were contacted at the suggestion of the UN
commissioner and were asked to provide their feedback on the briefs’ accuracy, relevancy, and
inclusiveness. All of the feedback received by the ESF consultancy team was incorporated into the final
briefs provided in this document. The Science Digests were validated through expert interviews, authors
of articles referenced in the digests, and other scientists studying emerging issues in sustainable
development.

UN Term of Reference Task 2: Mapping scientific assessments for sustainable
development
This task entailed the preparation of short briefs of sustainable development assessments conducted by
scientific committees. All assessments were of a global and cross-sectorial nature. The briefs aim for a
public audience interested in learning more about scientific perspectives on sustainable development.
Each brief contains the following sections: (1) Background, (2) Methodology, (3) Main Policy
Findings including any status of implementation and (4) Ongoing Debates and Criticisms.
In addition, a summary table was prepared to aid comparisons between different scientific
assessments. Entries include funding arrangement, peer review arrangement, approach and whether
formal links to political process exist.
One brief per assessment was prepared. Lead authors selected scientific assessments based on
personal interests. For assessments that were produced periodically, authors relied on the most recent
edition of the assessment.
After preparation of an initial draft, a group member who is not familiar with the assessment
evaluated the brief for clarity, descriptiveness, and accessibility. Each brief underwent two rounds of
evaluation.
The resulting revised versions were then sent to twenty experts for validation. The experts
selected on the recommendation of the UN commissioner were contributors to the original seven scientific
assessments.
Feedback from the experts on the relevancy, accessibility, accurateness, and
inclusiveness of the briefs was incorporated into the final briefs.

Part 2: Science Digests (ToR 1)
The task of creating the Science Digests required the preparation of a two page document consisting of
emerging issues of global significance to sustainable development pointed out by scientists, related to
sustainability science.
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The Science Digests are derived from a special area of expertise. They describe the general
context of the topic of the Science Digest and emerging issues for this topic. The emergence of an issue
can represent a new field in science, a neglected angle, new impacts or new phenomena.
The Science Digests are geared towards a public audience composed of senior government
officials and policy makers with an interest in learning more about new scientific insights and concerns on
sustainable development. The goal of each Science Digest is to give a general introduction of the topic
discussed, providing information on emerging issues on the topic and to formulate possible policy
directions as suggested by the scientific community. Each Science Digest therefore contains the following
sections: (1) Introduction, (2) Scientific debate, (3) Targets and goals, (4) Acknowledgment, and (5)
References. In addition, an Appendix was incorporated in the end, explaining extensively the individual
research methods used for drafting the Science Digest and including a list with names of experts
interviewed and used for the validation phase of the work.
One Science Digest per student was prepared (in total seven Science Digests). The author first
selected the broader topic (e.g. sustainable production and consumption of livestock products) based on
personal background, interest and preliminary ideas on the impact of the issue regarding sustainable
development. Each student has access to a range of scientific debates, either through their education or
via other resources available at the university such as seminars. This also contributed in selecting a topic
for the individual Science Digests. The broader topics were confirmed by SUNY-ESF students and the
commissioner (UN). Each WUR student collaborated in the draft of the Science Digest with an SUNYESF student counterpart.
To check if the selected topics were in fact emerging within the scientific community, the topic
was put into several scientific databases to see if there is a growing trend in publications on the topic. An
example is the database Scopus, which can draft a graph of the amount of literature published on the
topic by entering a keyword, or several keywords, on the topic. Other databases used were Google
Scholar and ISI Web of Knowledge. E.g. Figure 3, Biocatalysis:

Figure 3. Time series of the number of publications relative to the term ‘Biocatalysis’.

Within the broader topic, emerging issues were determined on the basis of findings in recent literature
(from 2009 onwards) and exploratory interviews, and again, the emergence of the issue was checked
with the graph resulting from the number of publications over time. E.g. Figure 4, Bioreactor:
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Figure 4. Time series of the number of publications relative to the term ‘Bioreactor’.

The Science Digests were built on literature study and exploratory interviews with experts, conducted in
person or via telephone or email, depending on the availability and location of the interviewee. The
experts were chosen on the base of their background, expertise and knowledge on the topic, and some of
them were authors of articles that had been part of the literature review for the Science Digests.
Expert interviews were also used as a method to validate the content of the Science Digest. The
initial idea was to get validation through expert focus groups. This however, turned out to be impossible
because of time constrains, the amount of experts available for focus groups and logistical problems in
arranging focus groups. For six of the seven cases the final Science Digest was sent to experts for them
to review. The validating experts consist of authors of articles used in the Science Digest or other
scientists and researchers with expertise in the particular field. The initial idea was to have validation from
three categories of expert: 1) experts who represent the main ideas brought forward in the Science
Digest, 2) experts who represent the an opposing view in the main ideas brought forward in the Science
Digest, 3) experts who represent a neutral statement within the debate, by e.g. only being an editor of a
scientific journal that deals with the issue. Because of the limited amount of time available for writing the
Science Digests, it was not possible to have all the Science Digests validated by all three categories of
experts.
The experts interviewed were categorized into four groups: 1) experts from Wageningen
University, 2) experts based at other institutes in the Netherlands, 3) experts from other developed
countries and 4) experts from developing countries. In total 31 experts were interviewed, 15 experts from
Wageningen University, 6 experts based at other institutes in the Netherlands, 6 experts from other
developed countries and 4 experts from developing countries. Most experts interviewed are linked to
Wageningen University in one way or another. This is because of the great expertise available within the
university on topics linked to sustainability science and because of time and geographic constrains. The
output of the interviews was incorporated in the Science Digests.
Each Science Digest underwent several rounds of evaluation, not only from fellow group
members, but also from the SUNY-ESF students and from the process coach and content coach
assigned to this project by Wageningen University. There was frequent contact with the commissioner
(UN) for updates on the process, with a presentation on the preliminary findings taking place towards the
end of the project.
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Part 1: Policy Briefs
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Table 3: Individual Scientific Assessments treated in Part 1
Commission/
Assessment

Topic

Intergovernmen Climate Change
tal Panel on
Climate Change
(IPCC)

Geographical Scope

Time Period

Total Number of
Editions

Global

1990 to present 5

Drafted by

Text Approved by

Peer Review Arrangement

Funding Arrangement

Scope (broad
sustainability or
thematic/sectoral)

Assessments One
IPCC
through Five
drafted by Working
Groups I, II, and III.

Internal review by experts
(Lead Authors, Coordinating
Lead Authors, Contributing
Authors, Expert Reviewers,
Review Editors), and external
review by Government Focal
Points selected by relevant
Working Group.

IPCC Trust Fund, which is
supported by the UN,
WMO, and membership
fees.

Top‐down
IPCC reviews and
assesses the current
scientific, technical and
socio‐economic
information related to
climate change.

World
Economic and
Social Survey
(WESS)

Global
Sustainable
development issues:
sustainable cities, food
security, and energy
transformation

1945 to present: Total number of
published as the editions: 63
World Economic
WESS editions: 19
Report and
World Economic
Survey; 1994 to
present:
published as
WESS

UN
Department of
Economic and Social
Affairs of the United
Nations Secretariate
(UN/DESA)

UN

UN

WESS addresses
different topics on
world economic
conditions and trends

International
Assessment of
Agricultural
Knowledge,
Science, and
Technology for
Development
(IAASTD)

The relevance, quality, Global
and effectiveness of
agricultural knowledge,
science, and
technology, and the
effectiveness of public
and private sector
policies and
institutional
arrangements.

2005 to 2007

Assessment includes
six reports (one global
and five sub‐global) in
addition to a synthesis
report, an executive
summary of the
synthesis report, and a
global summary for
decision makers.

Participating
The Bureau: FAO,
GEF, UNDP, UNEP, governments
UNESCO, the World
Bank, and WHO

Individuals, organizations,
and governments

Cosponsposoring
institutions: FAO, GEF,
UNDP, UNEP, UNESCO, the
World Bank, and WHO; the
governments of Australia,
Canada, Finland, France,
Ireland, Sweden,
Switzerland, US and UK;
the European Commission;
and CropLife International

Assessments address Bottom‐up
three development
goals: (1) reducing
hunger and poverty,
(2) improving nutrition,
health and rural
livelihood, and (3)
facilitating social and
environmental
sustainability

Census of
Marine life

Biodiversity

Global

2000 to 2010

1

Government agencies,
Biodiversity,
Bottom‐up
The peer review
sustainable ocean use
arrangement is not available private foundations,
companies and individuals.
on the organization's
website, but the assessment
is composed of peer
reviewed papers.

Millenium
Ecosystem
Assessment
(MA)

Impacts of ecosystem
changes on human
well‐being

Global and Sub Global

2001 to 2005

Technical volumes: 5
Synthesis reports: 6

Participating
scientists
coordinated by the
Census Secretariat
at the Consortium
for Ocean
Leadership in
Washington, D.C.
Four Working
Groups (1300
authors from 95
countries).

Global
Environmental
Outlook (GEO)

Environment

Global

2007 to 2012

5

Scientists guided by Peer‐reviewed,
the UN
governments and
stakeholders

Global Energy
Assessment

Energy sustainability

Global

2007 to 2012

1

Peer‐reviewed anonymously
The assessment was
International
by an additional 200
Institute for Applied subjected to rigorous
and independent
international experts.
Systems Analysis
analysis and review.
Each chapter has
Convening Lead Authors
(CLA), Lead Authos (LA),
Contributing Authors
(CA) and Review Editors.

Unknown

Governments, individuals
United Nations
University and the World and organizations. Over 600
individuals from 44
Bank
governments and 9 scientific
organizations reviewed MA's
4 technical volumes.

3 rounds of peer review: (1)
internally via UNEP, (2) to
external experts &
governments and (3) Earth
System Science Partnership
(ESSP)‐facilitated
independent peer review
process with experts.
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Regular or
ad hoc
assesment

Content focus of Assesment

Regular

Working Group I focuses on the physical
scientific aspects of the climate system and
climate change. Working Group II focuses
on the negative and positive consequences
of climate change, adaptation to climate
change and vulnerability of socio‐economic
and natural systems to climate change.
Working Group III addresses climate change
mitigation.

Regular
(annual)

WESS 2013 focuses on three cross‐sectoral
thematic areas: (i) sustainable cities, (ii)
food security, and (iii) energy
transformation

Expert participants Formal
nominated by
stakeholder groups
and selected by the
Bureau.

Ad hoc

Identifies the major issues facing
agricultural knowledge, science, and
technology (AKST) ‐ based on knowledge
gained from historical anaylsis of the past
50 years ‐ and points toward a range of
AKST options for action that meet
development and sustainability
goals. While this assessment is policy
relevant and designed to be used by
descision‐makers, it is not policy
prescriptive.

Unknown

Informal

Ad hoc

The diversity, distribution, and abundance
of global marine
life.

Approach (Top‐down Participant
or bottom‐up)
selection (nominee
or consultants
hired)
Three type of
participants:
Government Focal
Points, participating
organizations, and
Bureau members.
Participants are
selected by the
relevant Working
Group Bureau.

Top‐down (however, UN/DESA experts
the topics for each
WESS report are
generated according
to the findings of
preceding
conferences and
meetings that collect
bottom‐up data).

Link to
Political
Process
(Formal or
Informal)
Formal

Informal

Global Environment Facility Ecosystem
(GEF), UN Foundation,
management for
David and Lucile Packard
human well‐being
Foundation, and the World
Bank.

Bottom‐up

Board of MA

Informal

Ad hoc

The condition of ecosystems worldwide and
the services these systems provide,
including accessibility of clean water and
other natural resources, food resources,
and protection against natural disasters,
such as floods. The MA also provided
options and alternatives for the restoration
and conservation of these ecosystems, as
well as strategies to enhance sustainable
use.

UNEP Environment Fund, Broad focus on global
participating governments environment
(Canada, Norway, Republic
of Korea, the Netherlands,
Sweden, Switzerland and
Gwangju Metropolitan
City, South Korea), GRID‐
Arendal, and the
Development Bank of Latin
America.

Top‐down

Nominated by
governments and
stakeholders

Formal

Regular

GEO‐5 focuses on solutions to global
environment issues and policy
recommendations.

Top‐down

Unknown

Formal

Ad Hoc

The major global challenges for sustainable
development and their linkages to energy;
the technologies and resources available for
providing energy services; future energy
systems that address the major challenges;
and the policies and other measures that
are needed to realize transformational
change toward sustainable energy futures.

Government and non‐
governmental
organizations, the United
Nations System, and the
private sector.

Sustainability in the
global energy sector
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Part 1: Policy Briefs
This part of the report contains Policy Briefs that are based on existing assessments of sustainable
development conducted by the scientific community. The aim is to map a selection of the major global
and cross-sectoral assessments. The following table shows an overview of the seven Policy Briefs treated
in this section.
Table 4. Overview of the seven Policy Briefs treated in Part 1
Commission/Assessment
Intergovernmental Panel on Climate
Change (IPCC)
World Economic and Social Survey (WESS)
International Assessment of Agricultural
Assessment of Agricultural Knowledge,
Science, and Technology for Development
(IAASTD)
Census of Marine Life
Millennium Ecosystem Assessment (MA)
Global Environmental Outlook (GEO)
Global Energy Assessment (GEA)

Topic
Climate Change
Sustainable development issues: sustainable cities, food security,
and energy transformation
The relevance, quality, and effectiveness of agricultural knowledge,
science, and technology, and the effectiveness of public and
private sector policies and institutional arrangements
Biodiversity
Impacts of ecosystem changes on human well-being
Environment
Energy sustainability
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List of Acronyms
AKST
CBD
CCD
CGIAR
FAO
GEF
GEA
GEO
GMOs
IPCC
IPSAS
JMP
MA
MDG
NASA
NGO
OBIS
SD21
SIDA
SPM
UN
UNCMS
UN DESA
UNDP
UNEP
UNESCO
UNICEF
WESS
WG
WHO
WMO

Agricultural knowledge, science, and technology
Convention on Biological Diversity
Convention to Combat Desertification
Consultative Group on International Agricultural Research
Food and Agricultural Organization
Global Environment Facility
Global Energy Assessment
Global Environmental Outlook
Genetically Modified Organisms
Intergovernmental Panel on Climate Change
International Public Sector Accounting Standards
Joint Monitoring Program
Millennium Ecosystem Assessment
Millennium Development Goals
National Aeronautic and Space Administration
Non-governmental organizations
The Ocean Biogeographic Information System
Sustainable Development in 21st Century project
Swedish International Development Authority
Summary for Policy Makers
United Nations
United Nations Convention on Migratory Species
United Nations Department of Economic and Social Activity
UN Development Program
United Nations Environment Program
United Nations Educational, Scientific, and Cultural Organization
The United Nations Children's Fund
World Economic and Social Survey
Working Groups
World Health Organization
World Meteorological Organization
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Intergovernmental Panel on Climate Change (IPCC)
November 2013
Prepared by Annisa Dian Pratiwi (SUNY-ESF), adpratiw@syr.edu
The IPCC was formed in 1988 by two United Nations organizations, the United Nations Environment
Program (UNEP) and the World Meteorological Organization (WMO), to assess the state of scientific
knowledge on the human role in climate change (IPCC, n.d.).
Different types of expertise are required to assess different aspects of climate change. For this
reason, the IPCC assessment is divided into five reports authored by three Working Groups (WG):
Working Groups I, II and III (IPCC, n.d.). The IPCC report on climate change mitigation and adaptation
strategies illustrates the impact sustainable development goals and policies may have on future climate
change mitigation.

Methodology and Participants
The preparation, review, acceptance, adoption, approval and publication of IPCC Reports all include
expert and government expert input and approval (IPCC, n.d.). First, Working Groups must accept a
report to be prepared by the National Greenhouse Gas Inventories Task Force. Then, summary sections
of reports are approved by the Working Groups and accepted by the Panel. Finally, the reports approved
and/or adopted by the Panel are included in the Synthesis Report of the Assessment Reports.
Lead Authors and Coordinating Lead Authors are selected by the relevant Working Group/Task
Force Bureau or by the Panel, which chooses from a list of experts provided by governments and
participating organizations or chooses experts known through their publications and works. Any citizen of
one of the UN’s 195 member countries is eligible to participate.

Basic Budgetary Structure
The IPCC assessment funding sources include (IPCC, n.d.):
a. WMO, which provides funding for the IPCC Secretary’s salary and housing.
b. UNEP, which provides funding for the Deputy Secretary’s salary.
c. WMO, UNEP, the UN Framework Convention on Climate Change, and IPCC membership, which
provide annual cash contributions to the IPCC Trust Fund.
d. IPCC members, who provide in-kind contributions including support for Technical Support Units,
publications, translation, meetings, workshops, etc.
The IPCC Trust Fund finances the Panel and its activities. The Panel’s expenditures are made in
accordance with WMO regulations and in line with International Public Sector Accounting Standards
(IPSAS). The IPCC Trust Fund is used to cover direct costs and incremental administrative costs, but not
indirect costs. The Panel is responsible for adopting the budget and the Secretary is responsible for
making payments.
The Secretary of the IPCC prepares the budget and transmits it to IPCC member governments at
least 60 days before the session of the Panel. The budget package includes: the proposed annual
budget, a budget forecast for the following year, and an indicative budget for the year following the next.
An IPCC commissioned Financial Task Term conducts an annual budgetary assessment lead by two
government representatives (one from a developed country, one from a developing country).

Main Policy Findings


Efficiency improvements should be made in energy supply, conversion and end use by improving
diffusion of energy-efficient technologies, improving the efficiency of mass-produced goods,
reviewing energy-related price and tariff systems to better reflect environmental costs (Working
Group III, 1990).
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Governments should prepare more intensive action by undertaking review of planning in energy,
industry, transportation, urban areas, coastal zones and resource use and management toward
improving the basis for response strategies (Working Group III, 1990).
Existing education and research institutions should be strengthened at national and regional
levels in developing countries (Working Group III, 1990).
In the long-term, defining criteria for selecting mitigation strategies should reflect the impacts of
climate change and the social and economic costs and benefits associated with it (Working
Group III, 1995).
A tradable quota system has the disadvantage of making the marginal cost of emissions
uncertain, while a carbon tax (and related instruments) has the disadvantage of leaving the effect
on the level at which emissions are controlled uncertain. To insure the workability of such
instruments, there is a need for studies on the potential design of tradable quotas and
harmonized taxes on the institutional framework (Working Group II, 2007).
Adaptation strategies for coastal zones have shifted away from emphasis on hard protection
structures of shorelines (e.g., seawalls, groins) toward soft protection measures (e.g., beach
nourishment), managed retreat, and enhanced resilience of biophysical and socioeconomic
systems in coastal regions. Adaptation options for coastal and marine management are most
effective when incorporated with policies in other areas, such as disaster mitigation plans and
land-use plans (Working Group III, 2001).
Adopting state-of-the-art environmentally sound technologies may offer particular opportunity for
environmentally sound development while avoiding greenhouse gas intensive activities (Working
Group III, 2001).
Comprehensive national development strategies can lower political and institutional barriers to
climate-specific policies (Working Group III, 2001).
Policies that provide a real or implicit price of carbon should create incentives for producers and
consumers to significantly invest in low-GHG products, technologies and processes as well as
include economic instruments, government funding and regulation (Working Group III, 2007).

Accomplishments
The IPCC produced five assessment reports (from Working Group I, II, II and Synthesis Reports), a
Summary for Policy Makers, IPCC Special Reports, and Methodology Reports (IPCC, n.d.)

Status of Implementation and Critiques
Current criticisms of the IPCC Assessment Reports are directed toward the newly released Fifth
Assessment Report of the Intergovernmental Panel on Climate Change’s Working Group on the physical
science of a global warming (WGI).
Yale Environment 360 asked some leading climate scientists to discuss what they consider to be
the most noteworthy or surprising findings in the Fifth Assessment Report. Jennifer Francis (2013), a
research professor at Rutgers University, argued that the most noteworthy aspect of the IPCC
assessment report is the consistency of the trend not only in the ever-mounting evidence of changes in
the climate system, but also in the scientific community’s increasing confidence that human contributions
are responsible for those changes. Furthermore, she suggested that the IPCC report should evaporate
any remaining doubt about the reality, causality, and severity of the issue.
James Curran (2013), the CEO of Scotland’s Environment Protection Agency, stated the IPCC
Fifth Assessment Report was written in unbiased and analytical way, but its content is on a subject that
requires a deep ethical and principled commitment from each and every inhabitant of this planet,
particularly from governments. The length of the time it took to complete the newest assessment, and the
length of the assessment itself, have both been criticized. Because the needs of governments, the
private sector, and human communities are rapidly changing due to the impacts of climate change, some
scientists recommend that the assessment be shorter, more focused, and produced every four years. It is
thought that with less time between publications, the IPCC will be more readily able to ensure the
assessments include the very latest science.
According to Stefan Rahmstorf (2013), a Professor of Physics of the Oceans at Potsdam
University and the Department Head at the Potsdam Institute for Climate Impact Research, the IPCC (and
similarly the WG’s approach to global sea level rise) has been overly conservative in its assessment of
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climate change science. Both reports give an upper limit of roughly one meter of sea-level rise by the end
of the century under business-as-usual carbon emissions, but credible, peer-reviewed research forecasts
suggest levels nearly twice that amount. Dr. Tom Mitchell (2013), a former coordinating lead author of
the IPCC Special Report, said this IPCC report did not produce a more precise understanding of the
impact of CO2 doubling. He argued that the range of outcomes due to CO2 doubling has increased and
an emissions cap alone will not control a global temperature increase.
Helpful IPCC Definitions:
“Assessment Reports” are published materials composed of the full scientific and technical assessment
of climate change, generally in three volumes, one for each of the Working Groups of the IPCC. Each of
the volumes may be composed of two or more sections including: (a) a Summary for Policymakers (b) an
optional technical summary and (c) individual chapters and their executive summaries.
“Financial Task Team” is established by the Panel to carry tasks including income and expenditure
review, budget preparation, and recommendation for the Panel related to finance.
“Panel” refers to IPCC Panel.
“Session of a Working Group” refers to a series of meetings at the plenary level of the governmental
representatives to a Working Group of the IPCC.
“Special Report” is an assessment of a specific issue and generally follows the same structure as a
volume of an Assessment Report.
“Summary for Policy Makers” is a component of a Report, such as an Assessment, Special or
Synthesis Report, which provides a policy-relevant but policy-neutral summary of that Report.
“Synthesis Reports” synthesize and integrate materials contained within the Assessment Reports and
Special Reports and are written in a non-technical style suitable for policymakers and address a broadrange of policy-relevant but policy-neutral questions. They are composed of two sections as follows: (a) a
Summary for Policymakers and (b) a longer report.
“Task Force Bureau” refers to the elected members of the Bureau of the Task Force on National
Greenhouse Gas Inventories.
“Working Groups” which are held at the level of government representatives is established by IPCC.
The activities of each Working Group are as followed:
Working Group I: Assess the physical science information, including observation and modeling of the
past, present, and future
Working Group II: Examines impacts of climate change on environmental and socio economic
Working Group III: Explores and formulates strategies and options for adaptation and mitigation
“Yale Environment 360” is an online magazine offering opinion, analysis, reporting and debate on global
environmental issues, supported by Yale University.
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World Economic Social Survey (WESS)
November 2013
Prepared by Nargis Artyushevskaya (SUNY-ESF), nartyush@syr.edu
The 2013 WESS Report responds to Rio+20’s (The UN Conference on Sustainable Development)
recognition of urban sustainable development challenges. The 2013 WESS report emphasizes improving
public infrastructure to provide sustainable, sufficient, and safe urban water supply, particularly in rapidly
growing urban centres, and strategies to address water infrastructure through policy and stakeholder
collaboration.
Different dimensions of water related challenges were also highlighted in previous WESS
publications (Annex 1), though over twenty years of WESS assessments focused mainly on socioeconomic issues (Annex 2). For example, the role of the private sector in water supply and problems of
inefficient water pricing were highlighted in publications from the early 2000s, but access to water supply
infrastructure, population growth, and the implications of climate change were more salient between 2005
and 2012. The most recent 2013 Report is the first assessment to explicitly discuss issues of urban water
supply within the context of the sustainable cities (Figure 1).

Figure 1. WESS report highlights on water (2000-2013)

Methodology and Participants
The findings and main policy conclusions presented in the WESS 2013 Report are based on the
identification of common economic and social problems through the (i) complication and analysis of wide
range of data, (ii) facilitation of negotiations among intergovernmental bodies on joint courses of action,
and (iii) translation of policy frameworks developed in the UN conferences and summits into country-level
programs. The WESS reports are prepared by UN/DESA and the States Members of the United Nations
are the main participants.

Main Policy Findings






Investing in sustainable development in cities helps provide strategic opportunities, socioeconomic benefits, and more cost-efficient public services to city dwellers.
The benefits of municipal water supply across the world are diverse, and thus individual
approaches in solving those issues should be designed by the governments. However, WESS
(2013) recommends that the policy frameworks for sustainable municipal water supply should
encompass four pillars of sustainable development: economic development, social development,
environmental management and urban governance. The integration of four pillars can generate
synergies between access to water (social development), production and distribution of
renewable energy sources, mitigation of climate change and reducing inequalities (urban
governance), and waste and recycling management (environmental management).
The assessment’s recommendations entail integration and coordination of water conservation
and management issues with other urban challenges, such as land-use management,
transportation and renewable energy. An integrated set of investments that address access to
municipal water supply and other types of public infrastructure, such as roads, sewers, and
electricity, are crucial to tapping into potential resources and multi-level cooperation between
local, national and global communities and partnerships to mobilize public and private resources.
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Increasing access to clean and affordable water for urban dwellers is necessary to overcome
long-term water dependencies. Creating innovative programs, such as wastewater recycling and
the installation of desalination plants, where possible, presents an enormous potential in tackling
the issues of municipal water supply in view of rapid urbanization.
Improving efficiency of water supply in urban centres is impossible without consideration of
adequate improvements in efficiency of electricity and renewable energy, increase of green
infrastructure, and improved waste recycling systems.

Status of Implementation and Critiques
Most stakeholders agree the issue of sustainable urban water supply is a serious challenge that needs to
be addressed urgently. The Sustainable Development in 21st Century (SD21) Report (2012) states that
the urban water demand will significantly increase in coming decades due to urbanisation and high
population growth. The latest Joint Monitoring Program report (JMP) of WHO and UNICEF (2013) on the
progress of water and sanitation targets of the Millennium Development Goals (MDGs) also highlights
that despite the current high urban drinking-water coverage across the world (only 4% of the urban
population relies on unimproved sources), the issue of service quality remains. The JMP report
recommends that the future global goals related to water access should include universal access to safe
water and sustainable, affordable, and accountable service delivery.
Academic journal publications offer some more in-depth discussion on the issue. Jenerette and
Larsen (2006) in their discussion of global perspectives on changing urban water supply, suggest that
climate induced reductions in water availability may be more of a concern than population growth in terms
of securing access to water in large cities. A more recent discussion on sustainable cities, based on a
Cape Town case study, argues that large investments need to be made in urban water supply
infrastructure to stimulate sustainable urban transition and promote eco-system integrity (Hyman, 2013).
Rouse (2013) further contributes to the discussion arguing that existing infrastructure should be
refurbished before new facilities are constructed in urban centres. Rouse argues that action must be
taken at the national level to achieve sustainable cost-recovery of water supply services so that “future
generations won’t be faced with repetition of the challenges of today”.
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Annex 1 - Highlights on water issues in published WESS reports (2000-2012)
2000
2001
2002
2003

2004
2005
2006
2007
2008
2009
2010
2011
2012

Importance of availability of water and controlled water management for land redistribution and
green revolution.
Issues of saltwater intrusion into scarce freshwater resources and importance of national flooding
protection schemes.
Losses from subsidies and technical inefficiency in state-owned water and Importance of private
sector involvement in the provision of utility services, such as water and sewage.
Problems of inefficient water pricing; the effects of access to water on poverty; problems of
highest proportion population without access to safe drinking water in sub-Saharan Africa and
importance of water to promote socio-economic development; success of market-based and
reforms and access to irrigation water.
Strengthening of capacities of developing country in sequencing of the implementation of
domestic policy reforms, including ensuring access to clean water.
Welfare effects of private provision of essential utilities and services, such as water by local or
foreign investors.
Regional income disparities between urban and rural areas and rural reforms water conservation
projects and technological support to enhance agricultural productivity.
Problems of access of basic infrastructure (water, sanitation, etc.) to older people in developing
countries.
Implication of climate change on availability of potable water; importance of mitigation measures
comprise, such as improved infrastructure design, and more integrated water
management systems.
Climate change and drought-induced water scarcity impacting the fragile economies of Northern
Africa; reduced water resources, frequent flooding and intensified windstorms in poorer countries.
Growing world population and degradation of natural environment; depletion of groundwater
sources; the effect of climate on water supplies as another factor with increasing impact on
poverty.
Shift to more efficient and renewable energy technologies without further degrading
land and water resources; reduction of energy use and changes in water and sanitation systems.
Health in the developing world and lack of access to safe water and sanitation; international
water and managing the ‘commons’.
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Annex 2 - Key thematic focus areas of WESS publication (1994-2013)
Year
2013

Name of the Report
Sustainable Development Challenges

2012

In Search of New Development
Finance
The Great Green Technological
Transformation

2011

2010

Retooling Global Development

2009

Promoting Development, Saving the
Planet

2008

Overcoming Economic Insecurity

2007

Development in an Ageing World

2006

Diverging Growth and Development

2005

Financing for Development

2004

Part one: Trends and Policies in the
World Economy
Part two: International Migration

2003

Trends and Policies in the World
Economy Part one: State of the World
Economy
Part two: Economic Policy and Poverty

2002

2001

2000

Trends and Policies in the World
Economy Part one: State of the World
Economy
Part two: Private-Public Interaction in
Achieving Society’s Goals
Trends and Policies in the World
Economy Part one: State of the World
Economy
Part two: A Globalizing World: Risks,
Vulnerability and Opportunity
Trends and Policies in the World
Economy Part one: State of the World
Economy
Part two: Escaping the Poverty Trap

1999

Trends and Policies in the World
Economy Part one: State of the World
Economy

Focus of the report
Sustainable cities, food security and energy
transformation
Mechanisms for innovative development finance
Major investments in developing and scaling up clean
energy technologies, sustainable farming and forestry
techniques, climate proof infrastructure and in reducing
non-biodegradable waste production.
Recent global crises and proposes reforms in
international arrangements to eliminate deficiencies and
gaps in global governance mechanisms.
Proposes mitigation and adaptation efforts to keep
temperature increases consistent with environmental
stability.
Economic insecurity; insecurity posed by weather,
natural disasters and climate change.
Implications of aging for social and economic
development.
Rise in world inequality due to disproportionate income
level growth in industrialized and developing countries.
Broad agenda for action within the Monterrey
Consensus and further action on financing and trade.
State of the world economy in 2004 and the outlook for
2005. Historical and recent surges in migration,
migration policies and the state of international
cooperation regarding migration.
Developments in international trade and finance.
Examines policies that are expected to have a beneficial
effect on poverty over the medium or longer term.
The causes of the 2001 economic slowdown and the
threats to economic recovery.
Changing nature of the interaction between the public
and private sectors in producing particular goods and
services.
Positive developments in output and international trade.
Downturn in developed countries’ business cycle.
Vulnerabilities caused by globalization
liberalization of financial markets.

and

the

Recovery in the world economy after 1997-1999
economic crisis.
Critical steps for poorer countries to break out of the
"poverty trap" and find a path to sustainable
development.
Recovery of the world economy.
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1998

Part two: Financial Development in the
Globalizing World
Trends and Policies in the World
Economy

1997

Trends and Policies in the World
Economy

1996

Trends and Policies in the World
Economy

1995

Current Trends and Policies in the
World Economy
Current Trends and Policies in the
World Economy

1994

International discussion on "financing for development".
Turbulence in the world economy over the past year;
recommendations on ways and means to address the
volatility of global financial flows.
In addition to providing an overview of current and
emerging economic trends, examines the process of
fiscal consolidation around the world.
Common ground for the recovery of global economy;
trends in the provision of electric power in developing
countries and alternative institutional arrangements for
meeting the world's growing demand for water.
Global economy instability threatening long-term welfare
of developed and developing economies.
Released for the first time under this title, signaling the
intention to integrate more fully the treatment of the
economic and social dimensions of development.
Usual overview of current and emerging economic
trends: issues of unemployment and demographic
changes and their social, economic and environmental
consequences.
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International Assessment of Agricultural Knowledge, Science, and Technology
for Development (IAASTD)
November 2013
Prepared by Whitney Forman‐Cook (SUNY‐ESF), wforman@syr.edu
The IAASTD was developed according to three main objectives and three sustainable development
goals. The IAASTD set out to (1) undertake a global and five sub-global assessments on the role of
agricultural knowledge, science, and technology (AKST) in sustainable development, (2) provide
information to decision-makers on policies, practices, and institutional arrangements as they pertain to
AKST, and (3) bring together a range of agricultural and rural development stakeholders to find
sustainable development solutions (IAASTD, n.d.).
The IAASTD’s six-piece assessment and supplementary reports inform the following sustainable
development goals: (a) the reduction of hunger and poverty, (b) the improvement of nutrition, health and
rural livelihood, and (c) the facilitation of social and environmental sustainability (UNEP, n.d.).

Methodology and Participants
The IAASTD’s intergovernmental governance structure includes three decision-making bodies: (1) the
Bureau, (2) the Plenary, and (3) the Secretariat. The Bureau membership is comprised of 30 government
representatives, 22 civil society representatives (6 from NGOs, 6 from private sector entities, 6 from
producer organizations, and 4 from consumer groups), and eight representatives from the co-sponsoring
agencies (the World Bank, FAO, UNDP, UNEP, UNESCO, WHO, and GEF) (UNEP, n.d.; IAASTD, n.d.).
The Bureau members selected 400 AKST experts from over 80 countries to prepare the IAASTD
Report. These 400 expert participants worked in their own capacity and did not represent any particular
stakeholder group. The final draft of the IAASTD Report was subjected to two rounds of peer review by
governments, organizations and individuals. These drafts were placed on an open access web site and
open to public comment (IAASTD, 2004).
The Plenary (i.e. the Panel of participating governments) was comprised of representatives from
the member states of the seven cosponsoring agencies (UNEP, n.d.). The Plenary was responsible for
(1) electing the Bureau’s government representatives, (2) approving the scope, goals, assessment
structure, governance and management structures, budget, and timetable for the IAASTD, and (3)
accepting the Full Report and the Global Report Summary for Decision Makers.
The Secretariat was distributed between Washington D.C., Rome (FAO), Nairobi (UNEP), and
Paris (UNESCO). The Director of the Secretariat was Robert T. Watson, the Chief Scientist at the World
Bank, and the IAASTD Chairs were Judi Wakhungu, the Executive Director of the African Centre for
Technology Studies, and Hans R. Herren, the President of the Millennium Institute. The Secretariat,
Beverly Mcntyre, provided the technical oversight and intellectual leadership necessary for project
implementation (Ishii-Eitemna, n.d.).

Basic Budgetary Structure
The IAASTD’s baseline budget of US$10.76 million was funded by voluntary contributions reflecting
equitable cost sharing (the same funding approach the IPCC uses) (UNEP, n.d.). The World Bank and
World Bank Development Grants Facility donated US$3 million, the GEF donated US$3.35 million, and
other cosponsoring agencies, governments (Australia, Canada, Finland, France, Ireland, Sweden,
Switzerland, United States, and the United Kingdom), and associations (the European Commission and
CropLife International) collectively donated US$4.41.
The major expenses in the baseline budget (ordered from greatest cost to least cost) covered (1)
travel expenses to Plenary and Bureau meetings for authors and government representatives from
developing countries or from countries in an economic transition, (2) travel expenses to Plenary and
Bureau meetings for civil society representatives elected to the Bureau, (3) support for the Secretariat, (4)
publications and translation, (5) sub-global institutions, (6) the first Plenary Meeting and design meetings,
(7) communication outreach, and (8) honoraria for some expert authors and review editors (IAASTD,
2004).
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Accomplishment
The IAASTD produced a global report, five sub-global reports and five sub-global Summaries for Decision
Makers, eight “Issues in Brief” reports, a Synthesis Report, an Executive Summary of the Synthesis
Report, and a Global Report Summary for Decision Makers (UNEP, n.d.).

Main Policy Findings
The following policy findings were gleaned from the IAASTD Global Report Summary for Decision
Makers, the IAASTD Synthesis Report, and the IAASTD Global Report’s Lead Author’s Summary of
Findings (Global Summary for Decision Markers, 2009; Ishii-Eitemna, n.d.; Synthesis Report, 2009).
 The more AKST investments recognize the multifunctionality of agriculture (as a provider of food,
social security, ecosystem services, landscape value, and more) by both public and private sectors,
the more the world can advance development and sustainability goals.
 Achieving sustainability and development goals will involve creating space for diverse voices and
perspectives and a multiplicity of scientifically well-founded options. For instance, the inclusion of
social scientists in policy and practice of AKST helps direct and focus public and private research,
extension, and education on such goals.
 Increasing investments in the agricultural sciences by establishing national frameworks for
agricultural research, extension, education, and production can establish more ecologically resilient
and profitable systems. These frameworks should recognize the vital contribution of local and
Indigenous knowledge and innovation, and embrace equitable, participatory processes in decisionmaking.
 Creating economic incentives for sustainable farming practices will establish more ecologically
resilient systems, which maintain productivity and improve profitability for small-scale farmers.
These incentives may include:
a. Financial incentives and rewards for resource-conserving practices, such as credit lines,
crop insurance, and payment for environmental services.
b. Geographic, fair and sustainable production labels.
 Developing policies that strengthen small-scale farmers’ legal, economic, and social security and
encourage sustainable farming practices contribute to the democratization of our food and
agricultural systems. These policies may include: (1) Forging public and private partnerships, (2)
increasing public research and extension investment, (3) providing secure access to land, water,
seeds, information, credit, and markets, (4) revising laws of ownership to support women, farmer,
Indigenous and community-based organizations, (5) establishing more equitable regional and
global trade arrangements, (6) revising intellectual property laws to address framers’ rights, equity
goals, and biodiversity issues, (7) ending subsidies that that encourage unsustainable practices,
and (8) investing in local infrastructure and agro-processing, community-based businesses, and
farmers’ markets.
 Opening national agricultural markets to international competition can offer economic benefits, but
can also lead to long-term negative effects on poverty alleviation, food security, and the
environment without basic national institutions and infrastructure being in place. Possible
mechanisms to mitigate negative effects include:
a. Enforcement of strong codes of conduct by universities and research institutes to guide
public-private partnerships, improve corporate accountability, and help ensure that public
sector research meets public interest goals.
b. International competition rules and anti-trust regulations to break up monopoly control of
the food system.
c. Establishment of local food policy councils which support the revitalization of local and
regional food systems.
 Intensive export oriented agriculture has increased under open market operations, but has been
accompanied by both benefits and adverse consequences, including the exportation of soil
nutrients and water, unsustainable soil or water management, or exploitative labor conditions in
some cases. Utilizing less chemically intensive models of agricultural can mitigate these adverse
effects and benefit biodiversity and local communities.
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Status of Implementation and Critiques
At the last plenary review session in April 2008, 61 governments and 50 civil society organizations
reviewed the IAASTD Reports. Fifty-eight governments – with the exception of the United States,
Australia, and Canada (all major grain producers and users of transgenic crops) – approved the IAASTD
Reports in full (Ishii-Eitemna, n.d.). The United States and Australia purportedly did not approve the
IAASTD Reports because they disagreed with the IAASTD’s critique of liberalist trade policies (Radford,
2013). To date, there has not been any substantial policy revisions made as a result of the IAASTD in the
countries that approved the Reports.
The assessment’s scientific and policy findings on trade subsidies and the use of agrochemicals
and transgenic crops challenge the status quo in agrosystems. The IAASTD calls for a paradigm shift
away from technological fixes for food security and toward a multidiscipilinary and democratic approach to
agrosystem reform. In reaction to the IAASTD’s findings on agrochemical and transgenic crop use,
CropLife International, an organization that represents the agrochemical and biotechnology industry and
also served on the Bureau, resigned from the IAASTD project days before the review process was
finalized (Ishii-Eitemna, n.d.; Latham and Wilson, 2008). In a press release issued in 2008, CropLife
International stated it would not endorse the IAASTD Report “because of its failure to recognize the role
modern plant sciences, including plant biotechnology and crop protection, can play in increasing
agricultural crop productivity” (CropLife International, 2008). The Director General of CropLife also sent a
letter to the Vice President of the World Bank citing his displeasure with the assessment’s progress.
CropLife’s administration sought World Bank support because, according to the industry representative,
the IAASTD inadequately “recognized the past contributions (and did not adequately promote) the
potential of plant science technologies” (Feldman and Briggs, 2012).
Monsanto and Syngenta, two agrochemical firms invited to participate in the production of the
IAASTD Report as authors, did not contribute substantially in time or in content to the chapters they
agreed to contribute to (H. Herren, personal communication, December 16, 2013). Deborah Keith of
Syngenta, assigned to be an independent author on the biotech chapter of the report, “dropped out during
the reports preparation, citing a lack of time and dissatisfaction with the text” (Nature Biotechnology,
2008). Additionally, an editorial piece in the science periodical Nature Biotechnology and a feature article
in the science periodical Science, Technology and Human Values both questioned the balance of
scientific sources consulted for the Reports and asserted the final Reports were biased (Nature
Biotechnology, 2008; Elliot, 2012).
The World Bank, a chief contributor to the IAASTD Report, is often associated with “paradigm
maintenance” for its role as “a key defender, maintainer, and promoter of the neoliberal paradigm” (Broad,
2006). The World Bank was reportedly unhappy with the IAASTD’s conclusions and commissioned an
independent review process of the IAASTD led by Howard Elliot (Elliot, 2009). Elliot’s review focused on
six largely managerial issues, all of which were addressed in a follow up letter from the IAASTD Director
(Watson, 2009). In 2007, the World Bank also released a report on agriculture months ahead of the
IAASTD’s release. The World Bank Report’s conclusions on trade and biotechnology differed from the
IAASTD’s findings.
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Census of Marine Life
November 2013
Prepared by Chao Jiang (SUNY-ESF), cjiang09@syr.edu
The Census of Marine Life (2010), which assesses the diversity, distribution, and abundance of marine
life worldwide, is the first-ever census on global marine life. The census was governed by an international
Scientific Steering Committee and coordinated by a Secretariat based at the Consortium for Ocean
Leadership in Washington D.C. Over the course of a decade (2000 to 2010), the census produced an
inventory of known marine life and developed a baseline for ocean life that can be used in present and
future analysis. The results of the Census were made available on an online database, the Ocean
Biogeographic Information System (OBIS), as well as through over 2,600 scientific publications.

Methodology and Participants
The Census engages more than 2,700 marine scientists from 80 nations. The Census scientists have
conducted seventeen research projects. These projects included fourteen field projects, which
investigated habitat and species composition, and two research projects, which addressed the history of
marine animal populations and produced forecasts for these populations. The final project included
developing an online database, the Ocean Biogeographic Information System (OBIS).
Thirteen National and Regional Implementation Committees, who also provided researchers with
access to expertise and resources, led the census research. Protocols and methodologies were
developed to guide the field projects and a Scientific Committee on Oceanic Research Technology Panel
monitored new technologies for observing marine life and recommended when these technologies were
appropriate for Census field projects. The Synthesis Group compiled and integrated all the global
information on marine life yielded through these projects.

Basic Budgetary Structure
The Census Assessment’s US$650 million budget (spent over 10 years) was funded by government
agencies, private foundations, companies and individuals. “The Alfred P. Sloan Foundation of New York
City provided indispensable core support totalling about US$75 million” to the Census (Census of Marine
Life, 2010, p. 38). The Census associated or affiliated with several United Nations (UN) agencies,
including the Intergovernmental Oceanographic Commission (IOC), the Food and Agriculture
Organization (FAO) and the UN Environment Programme (UNEP).

Main Scientific and Policy Findings
By establishing a baseline for global marine diversity, distribution, and abundance, the Census helped
governmental and non-governmental organizations identify the issues affecting global marine life and
strategies to protect marine life in the future.
 Due to the Census’ inventory, the estimated number of known marine species increased from
about 230,000 to nearly 250,000; a net gain of 6,000 potentially new species. The Census
projects completed formal descriptions of more than 1,200 of these new species.
 Found living creatures in even the most extreme natural conditions; tracked and mapped
thousands of animals’ migratory routes; found that coastal species showed maximum diversity in
the tropical Western Pacific; discovered patterns of life on ridges, seamounts, abyssal plains and
the margins of continents in deep water and on the deep-sea floor; and revealed that the Census
database still had no records for more than 20% of the ocean’s volume.
 Observed declining numbers and size of marine life and affirmed by weight that up to 90% of
marine life is microbial.
 Showed human impacts in some marine habitats and on some marine resources spanned
thousands of years. Coastal and enclosed seas were the most impacted. Indicated that protection
recovery was slow but possible.
 Determined that past degradation to the deep sea was mainly due to waste and litter; today,
those impacts are due to hydrocarbon and mineral extraction; in the future, climate change will
have the greatest impact.
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The Census recommends that governments and other stakeholders make use of the Census by
using its results to inform their conservation and research activities. The Census also encourages
stakeholders to add to the marine life information database and urges industries to develop plans for
sustainable ocean use with multiple stakeholder groups.

Critiques
Criticisms have been raised on the Census’ decentralized organization and the broad scope of its
projects. Alan Longhurst, a retired marine biologist and author of Ecological Geography of the Sea,
accused the Census of being unfocused (Cressey, 2010). A member of the Census responded to the
criticism by citing various national projects that would not have been integrated and/or connected without
the Census (Cressey, 2010). Carlo Heip, a member of the Census’ Scientific Steering Committee and the
General Director of the Royal Netherlands Institute for Sea Research in Texel, said the Census was “a bit
of a roulette” without any secured funding and precise focus; but he “maintained that there were no major
gaps in the Census” (Cressey, 2010).
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Millennium Ecosystem Assessment (MA)
November 2013
Prepared by Rakhshinda Bano (SUNY-ESF), rbano@syr.edu
The Millennium Ecosystem Assessment (MA) was initiated in 2001 by the former United Nations
Secretary-General Kofi Annan with the aim of assessing the consequences of ecosystem change on
human well-being. The assessment was designed to provide a scientific basis for action to improve
ecosystem conservation and the sustainable use of ecosystem services for human welfare and prosperity
(Percy and Lubchenco, 2005).
The MA evaluated the condition of ecosystems worldwide and documented the intersections
between associated environmental issues, including “Provisioning Services,” such as providing food,
water, timber and fibre; “Regulating Services,” such as the regulation of climate, floods, disease, wastes
and water quality; “Cultural Services,” which include recreational, aesthetic, and spiritual benefits; and
“Supporting Services,” such as soil formation, photosynthesis, and nutrient cycling (Ash, et al., 2010). The
MA also provided options for the restoration, conservation, and enhancement of sustainably used
ecosystems, as well as information on the trade-offs between different mitigating strategies and future
scenarios for policy makers.
The MA is the first assessment of its kind which focuses on the impacts of ecosystem changes on
human well-being (Reid, et al., 2005). Instead of conducting its own research, the MA assessment
synthesized the findings of existing research and made their reports available in a form that is relevant to
current policy questions. Information was synthesized from scientific literature, data sets, and scientific
models, and included research performed by the private sector, independent practitioners, local
communities, and indigenous peoples (Percy and Lubchenco, 2005).

Methodology and Participants
The MA was authored by four working comprised of an international network of 1300 scientists and
experts from 95 countries. Three out of these four groups conducted global assessments on (a)
conditions and trends, (b) scenarios and (c) responses. The fourth working group covered different local
and regional assessments, which includes over 30 ongoing and completed assessments (Ash, et al.,
2010). The assessment authors were chosen according to their background (both natural and social
scientists were represented), their geographical location (the authors represented a diverse group of
countries and regions), and their gender (the gender of the authors was balanced). The Assessment
Panel (the co-chairs of the working groups) and other scientific experts supervised the authors’ work.
The information within the assessments was synthesized from sourced scientific literature and related
peer-reviewed datasets and models, and over 600 experts reviewed the Assessment’s technical volumes
(Overview of the Millennium Ecosystem Assessment, 2005). An independent Board of Review Editors
(composed of Chapter Review Editors) also reviewed the reports to ensure that all the comments
generated in the review process were adequately addressed by MA authors.
Participants in the MA process included representatives from the Convention on Biological
Diversity (CBD), the Convention to Combat Desertification (CCD), Ramsar, the UN Convention on
Migratory Species (UNCMS), national governments, UN agencies, civil society representatives (including
indigenous peoples), and the private sector (Millennium Ecosystem Assessment, 2005).

Basic Budgetary Structure
The overall MA budget was approximately US$24 million (Millennium Ecosystem Assessment, 2005). Inkind donations totalled US$7 million of the assessment’s budget and they were used for the MA subglobal assessments. Major donors included: the Global Environment Facility (GEF), the UN Foundation,
the David and Lucile Packard Foundation, and the World Bank. Additional support was provided by the
Consultative Group on International Agricultural Research (CGIAR), the Food and Agriculture
Organization (FAO), the Government of Norway, the Rockefeller Foundation, UNDP, UNEP, and the US
National Aeronautic and Space Administration (NASA). The Avina Group, David and Lucille Packard
Foundation, Government of Norway, Swedish International Development Authority (SIDA), Summit
Foundation, UNDP, UNEP, Wallace Global Fund, and the World Bank funded the assessment’s
exploratory phase. In addition, significant contributions of data, time, and expertise were donated by
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other groups, including the International Food and Policy Research Institute and WRI (Overview of the
Millennium Ecosystem Assessment, 2005).

Main Policy Findings






A rapid and extensive change in ecosystems has been observed in last 50 years, which is
comparatively greater than any time period in human history. Although this change is the result of
human efforts to meet the growing demand for food, water and timber, it has caused a significant
and an irreversible change in biodiversity on earth. For this reason, social development and
environmental conservation goals should be integrated and balanced (Overview of the Millennium
Ecosystem Assessment, 2005).
The MA report on Ecosystem and Human Well-being confirms that, “in aggregate, changes to
ecosystems have contributed to substantial gains in human well-being over past centuries:
people are better nourished and live longer and healthier lives than ever before, incomes have
risen and political institutions have become more participatory. However these gains have been
achieved at growing costs, including the degradation of many ecosystem services, increased
risks of non-linear changes and exacerbation of poverty for some group of people” (Reid, et al.,
2005). Therefore, solutions related to environmental problems should be designed with multisectorial objectives that recognize the trade-offs involved. For example, enhancement of crop
production to increase food supply may involve activities that may negatively affect other major
services of an ecosystem, such as water quality due to agriculture related sedimentation or
fertilizer runoff. Degradation in water quality may further affect the fisheries, another major service
of ecosystem.
Modifying existing policies, institutions, and practices can mitigate the degradation of ecosystems.
To be effective, mitigating strategies should be aligned with multiple levels of government and
require action at all scales (from local to global) (Corvalan, et al., 2005; Finlayson, et al., 2005).

Critiques
Norgaard (2008) states that “the Millennium Ecosystem Assessment exceeded all such assessments
before it in both the breadth of its coverage and the depth of its analysis of socio-ecological system
dynamics,” but, “the findings are not encouraging”. That is, ecosystem degradation will continue to
happen without policy changes to combat it. Norgaard goes on to assert that “[I]t clearly shows that our
fragmented, disciplinary knowledge cannot simply be combined to form an understanding of a whole
complex system” but rather by “counterbalancing the despair of the findings and scientific difficulties of
aggregating specialized knowledge, the MA demonstrated the potential of a deliberative democratic
approach to grappling with complex problems”.
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Global Environmental Outlook (GEO)
November 2013
Prepared by Cherry Ignacio (SUNY-ESF), ignacioc@upstate.edu
The Global Environmental Outlook (GEO) was commissioned by the United Nations to develop the most
authoritative assessment on the present and future trends in the global environment according to the
leading experts in the field. Each new GEO assessment builds upon previous assessments. The most
current assessment is GEO-5.

Methodology and Participants
GEO-5 is a formally commissioned report funded by multiple governments. Various governments and
stakeholders nominated experts to participate. The experts were selected on the basis of their expertise,
with due consideration to gender and regional balances. All experts involved in the assessment were
advised by three separate, overarching advisory bodies: (1) the high-level intergovernmental advisory
panel, (2) the science and policy advisory board and (3) the data and indicators panel. Individual
contributing authors were trained using the Integrated Environmental Assessment methodology to ensure
consistency.
GEO-5 is a product of a consensus of scientific experts. The authors who performed the
assessment are recognized leaders in their fields and have the capacity to critically review the field’s body
of scientific literature. These fields range in topic, such as land and water, as well as geographic areas of
focus, such as Africa and North America.
The assessment underwent three separate rounds of peer review. The UNEP internally
completed the first review; the second round of review was performed by a group of experts and
governments selected from a network managed by the UNEP; and finally, Earth System Science
Partnership experts managed an independent peer review process.

Main Policy Findings
GEO-5’s emphasis on the policy implications of current data trends and achievement of internationally
agreed upon goals differs from previous GEO reports, which were more descriptive. It identifies options
with the potential to assist the transition towards sustainable development and suggests possibilities for
global response. GEO-5 finds that currently observed changes to the Earth are unprecedented in human
history. Efforts to slow the rate or extent of change have resulted in moderate successes but have not
succeeded in reversing adverse environmental changes. Neither the scope of these nor their speed has
abated in the past five years. As human pressures on Earth accelerate, several critical global, regional
and local thresholds are close to being or have been exceeded. Once these thresholds are exceeded,
abrupt and possibly irreversible changes to the life-support functions of the planet are likely to occur, with
severe adverse implications for human wellbeing.
A large number of internationally agreed goals
are currently in place to address environmental
challenges. In spite of this, the GEO-5 report argues
that the international community has made uneven
progress in achieving these goals and improving the
state of the environment. Based on the current
trajectory of global environmental damage, a serious
loss in ecosystem services will leave many people
without sustainable access to food, water and energy
by 2050 (Figure 1, orange arrow).

Figure 1. Conventional world and sustainable
world scenarios in GEO-5. Concept based on Van
Vuuren and Kok (2012)/PBL Netherlands
Environmental Assessment Agency.
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GEO-5 looks into the question of what would be required to meet an ambitious set of
sustainability targets by the middle of the century (Figure 6, green arrow). Sustainable world scenarios in
the report shows how societies could meet some of the 2050 targets or, at least, join a trajectory that
would make meeting sustainability targets feasible. The analysis shows that trends need to be
fundamentally different from those expected without additional policies.
Effective implementation of wide-ranging technical and policy measures must be supported by a
shift in underlying motivations and value patterns. Changes need to be short and long-term, combining
technology, investment and governance measures. These should be based on sustainability and equity,
reflecting regional differences and priorities. Some successful policy innovations are already being
implemented, but need to be mainstreamed to be more effective.
A transformation of current consumption and production trends is also needed. On the production
side, changes should include improving efficiency and using fewer inputs, producing with low- or nonpolluting inputs, and integrating production systems. To address unsustainable consumption (which most
current policies fail to address), there should be policies that encourage lifestyle changes, including
modifications in diet and greater use of public transport. A focus on education, including awareness
raising, investment in infrastructure and the creation or strengthening of markets, and adaptation to
unmitigated change are needed.
Broad-based social contracts grounded towards a sustainable future would help to bring key
stakeholders on board. GEO-5 calls for a high degree of consensus and coordination of action between
social actors: governments, the private sector and society. Because uncertainties occur, the transition
towards sustainability needs to be based on adaptive management: learning-by-doing, periodic
reassessment based on new learning and diverse measures.
Clear, long-term environment and development targets should be tied to binding international
agreements to focus investments, develop technology and induce societal change. The prospect of
improving human wellbeing is critically dependent on the capacity of individuals, countries and the
international community to respond to environmental changes.
These responses need to focus on the root causes - the underlying drivers of environmental
changes - rather than only the pressures or symptoms. The following global responses have a key role in
promoting coordination and integration (GEO-5 Assessment: Chapter 17, 2012):
 Framing goals in the context of sustainable development and monitoring outcomes.
 Enhancing the effectiveness of global institutions
 Investing in enhanced capacities for addressing environmental change.
 Supporting technological innovation and development.
 Strengthening rights-based approaches and access to environmental justice through recognition,
enforcement and implementation in global and regional institutions.
 Deepening and broadening stakeholder engagement.

Status of Implementation and Critiques
The Summary for Policy Makers (SPM) was finalized during The Intergovernmental Meeting of the fifth
Global Environment Outlook Summary for Policy Makers in January 2012 (GEO-5 Summary for Policy
Makers, 2012). Fifty-three countries, including China and the United States, endorsed the assessment.
GEO-5 was launched in June 2012 as a primer to the Rio+20 Conference, where global leaders, policy
makers, private sector groups and non-governmental organizations (NGOs) convened with the goal of
forming an institutional framework for sustainable development.
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The Global Energy Assessment Council (GEA)
November 2013
Prepared by Lina Camargo (SUNY-ESF), licamarg@syr.edu
The GEA was created to establish a comprehensive and globally-relevant assessment on energy science
that could inform solutions to major global challenges that humanity faces in the 21st Century, such as
“climate change, economic and social development, human well-being, sustainable development, and
global security” (Global Energy Assessment Summary, 2012, p. X). The GEA was designed to also inform
the analysis of existing energy systems (energy sources, transportation and distribution where it is
needed) and our capacity to improve them by identifying resources, technological opportunities, and
policies that facilitate system improvement and expansion.

Methodology and Participants
The Global Energy Assessment Council (GEA) was coordinated by the International Institute for Applied
Systems Analysis (IIASA) and sponsored by 18 organizations, including governmental and nongovernmental organizations, the United Nations System, and private companies (Global Energy
Assessment, 2012). Those specific organizations are: the Austrian Development Agency, the Climate
Foundation, the Deutsche Gesellschaft für Internationale Zusammenarbeit, the First Solar Inc., the Global
Environment and Technology Foundation, the Italian Ministry for the Environment and Territory,
Petrobras, the Research Council of Norway, the Swedish Research Council for Environment, the
Agricultural Sciences and Spatial Planning, the Swedish Energy Agency, United States Department of
Energy, the United States Environmental Protection Agency, the World Bank / ESMAP, the World Energy
Council, and United Nations agencies, including the U.N. Development Program, the U.N. Environment
Program, the U.N Foundation, and the U.N. Industrial Development Organization (GEA Council, 2012).
Five hundred independent energy experts (300 are authors and 200 are anonymous reviewers),
representing both developed and developing countries, academia, the private sector, multilateral
organizations, and policy and research institutes, produced the GEA (National Member Organizations,
2012; Global Energy Assessment, 2012). The selection process for these experts is not identified on the
GEA website. The governing structure of the GEA includes an Executive Committee and a GEA Council.
The Council is composed of key stakeholders that provide the executive committee a space for exchange
and evaluation of the assessment. The Committee carries out the work associated with developing the
assessment and provides the general direction for the assessment writing teams.
In order to examine different global challenges, the IIASA uses advanced systems analysis
methodology. This methodology focuses on analyzing the interactions of different agents that drive large
and complex systems (History of IIASA, 2013). For this specific assessment, researchers explored how
to satisfy the following goals: (1) stop climate change by stabilizing the climate to 2°C above pre-industrial
levels in the 21st century, (2) enhance the availability of natural resources that can guarantee energy
consumption by reducing dependence on oil and the vulnerability of energy infrastructure, (3) universal
provision of reliable and efficient energy services by 2030, and (3) reduce indoor and outdoor air pollution
(Global Energy Assessment Summary, 2012). By running a scenario exercise, the researchers explored
approximately 40 ways to accomplish these goals.

Main Policy Findings
According to the Global Energy Assessment Summary (2012), consistent government investment is
essential to securing capital spending on energy systems, but supporting policies, institutional processes,
and subsidies at the national level are also needed. Government policies, institutional processes, and
subsidies should be created in order to: (1) propel energy efficient technologies which help to reduce the
amount of energy required to provide products and services, (2) promote the research and development
of new technologies targeting energy efficiency and renewable energy technologies (e.g. to produce
energy from renewable sources like sunlight or wind, etc.), and to help these technologies scale-up, (3)
encourage the transition of existing energy systems to clean systems in order to reduce carbon
emissions, and (4) ensure the universal distribution of electricity. Also, it is necessary to create rules and
regulations that help create change in consumer lifestyle. By creating consistent external policies, which
acknowledge the costs, benefits, and consequences of new technologies, it is possible to meet
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sustainability goals and maintain change in energy systems. Finally, it is necessary to create consistent
external policies (at the international level) to maintain the change needed in order to meet the
sustainability challenges for the energy sector.

Critiques
There are three main critiques that might be raised with regards to the GEA. The first of which concerns
how much decision-making power sponsoring organizations have and how this power may have biased
the assessment’s findings. For instance, there was a concern about the real ownership of the non-UN
stakeholders in the UN’s Sustainable Energy for All (SE4All) initiative. While the UN invited participants
from businesses, governments, and international organizations, there was some criticism that other
stakeholders were not included in the assessment process (Scott, 2012).
A second criticism addressed the probability of exceeding the two-degree limit, according to new
research by the UN Environment Programme (Donald, 2012). A third criticism might be raised by some
researchers who are concerned about the lack of complete and comparable studies that can assess the
life cycle of greenhouse gas equivalent emissions for wind turbines and solar panels (Nugent, et al.,
2013).
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Part 2: Science Digests
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Part 2: Science Digests
This part of the report contains the Science Digests on the emerging issues. The aim of the Science
Digests is to give insights, within broader topics, of the emergence of issues representing a new field in
science, a neglected angle, new impacts or new phenomena. The attempt is to bring the scientific
community and policy makers closer together, in order to merge two different but complementary views
and knowledge and implement political action oriented towards sustainable development.
The emerging issues have been clustered into three goals as follows:
Sustainable Ocean Use
1. Ocean Acidification – The Next pHase in Reducing CO2-Emmisions
2. Marine Microbial Ecology - It’s the Small Things That Matter
Sustainable Production and Consumption
3. Biocatalysis in Sustainable Development
4. The Dynamics of E-waste
5. Twofold Character of Protein Substitutes: Role of Sustainable Production and Consumption
in Livestock Sector
Food Security and Sustainable Agriculture
6. Phosphorus Use Inefficiency in China’s Agriculture - Implications for Global Phosphorus
Security
7. Large-Scale Land Investments
In the table below, also showed in the introduction, it is possible to see a graphic representation of the
clustering of the different emerging issues, as well as the underlying linkages between them.
Table 5. Overview of the seven emerging Issues dealt with in the Science Digests treated in Part 2

Sustainable Ocean Use

Sustainable
Production and
Consumption

Food Security and
Sustainable Agriculture

Ocean Acidification

E-waste

Large-Scale Land
Investments

Marine Microbial Ecology

Biocatalysis

Phosphorus use in
China’s Agriculture

Protein Substitutes
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Ocean Acidification – The Next pHase in Reducing CO2 Emissions
December 2013
By Jasmijn Appels, Wageningen University and Research Centre (WUR)
jasmijn.appels@wur.nl

Introduction
The problem of ocean acidification, also named ‘the other CO2 problem’ (Doney et al., 2009), is seen as
one of the largest threats to marine ecosystems and organisms (Gattuso & Hansson, 2011). Oceans have
the natural ability to absorb carbon dioxide (CO2). When CO2 dissolves in the ocean it forms carbonic
acid, which leads to a reduction in seawater pH and thus more acidic conditions in the oceans. Since preindustrial times, there has been a 30% increase in ocean acidity (OARUG, 2010). This natural buffering is
being used as a means to mitigate anthropogenic climate change, but the speed and magnitude of the
ocean acidification process adversely affects marine ecosystems and species (Abbasi & Abbasi, 2011)
The consequences of ocean acidification are far-reaching and multi-dimensional, affecting the
marine environment directly and indirectly (Royal Society, 2005). Ecosystems’ functioning will be
hampered due to ocean acidification, especially those who form shells and plates (Abbasi & Abbasi,
2011) (see Figure 1). Subsequently, other organisms that feed on them will face changes in the
availability and composition of nutrients as a result of the increased acidity (Royal Society, 2005).
Furthermore it is expected that ocean acidification will affect various economic sectors such as fisheries,
aquaculture and tourism (Billé et al., 2013), and consequently food security (Gattuso et al., 2013). Among
the most affected are communities living in areas highly dependent on fisheries, mostly coastal
communities in developing countries. To illustrate: 26 out of the 30 countries that are the most dependent
on fish as a protein source are developing countries (Turley, 2008).

Figure 1. Reconstruction of the depletion of carbonate ions in shells by 2100 (Liittschwager, 2007).

Scientific Debate
Researchers already have been making efforts to find measures to adapt and mitigate to ocean
acidification. Figure 2 represents several options to take action against ocean acidification, ranging from
solar radiation management to improving ecosystem resilience. Furthermore, the figure illustrates that the
options of ‘reducing CO2 emissions’ and ‘removing atmospheric CO2’ have the greatest potential.
However, political and social feasibility of reducing
CO2 emissions raises concerns and therefore,
Facts & Figures
depending on the viewpoint, feasibility can be
 Over the past 50 years, the oceans
considered relatively high or low (Billé et al., 2013).
have absorbed between 24% and
This is mainly because of the difficult positioning of
33% of the excess of the CO2
ocean acidification in scientific and political debates.
emissions (Le Quere et al., 2009).
Ocean acidification is linked to the climate
 There has been a 0,1 pH unit
change agenda as well as to the marine pollution
reduction since pre-industrial times,
agenda (Baird et al., 2009). In both regimes ocean
and an additional decrease of 0,4 pH
acidification is partly regulated, but the problem in its
is expected for the upcoming 100
entirety is addressed by neither. This phenomenon is
years (OARUG, 2010).
called the ‘international twilight zone’ in which ocean
 Especially organisms that form shells
acidification is placed (Baird et al., 2009: Kim, 2012).
and plates, such as plankton, corals
It
can be illustrated by looking at the positioning of
and coralline algae will be among the
ocean
acidification within the climate change debates.
most affected (Doney et al., 2009).
Ocean acidification is frequently linked to
climate change in policy frameworks, since the climate system is defined to include the oceans (Kim,
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2012). What is important to stress out is that ocean acidification is not an effect of climate change, it
rather shares the same cause as climate change: an increase of atmospheric CO2 (Kim, 2012).
Consequently, actions to mitigate adverse effects of climate change do not necessarily contribute to
mitigation of ocean acidification (Harrould-Kolieb & Herr, 2012). Current agreements do not prioritize
reductions in CO2 emissions, but work with overall reduction of greenhouse gas emissions (Billé et al.,
2013). Ocean acidification can only be tackled by a reduction in CO2 emissions, and this has not been
incorporated in current agreements. Therefore current agreements may not necessarily lead to a
reduction in ocean acidification (Kim, 2012).

Figure 2. Comparing potential and feasibility of options for adaptation to and
mitigation of ocean acidification. Source: Billé et al. (2013).

The geophysical processes of ocean acidification are generally well known
(Rockström et al., 2009). From this information, scientists proved that there
will likely be a threshold value for the uptake of CO2 concentration in the
oceans (Rockström et al., 2009). A threshold is defined as a transition in the Figure 3. Effect of CO2
concentration on pH level
functioning of an environmental system (Schellnhuber, 2002: Lenton et al.,
2008). Oceans can thus be used as buffers for CO2
concentration, but as soon as the maximum of this buffer is
reached, dramatic declines in the pH level will follow (Figure
3), leading to a rapid increase in ocean acidity. Reaching the
threshold value then leads to shifts in an ecosystem that are
irreversible As Dr. Groeneveld (Assistant Professor
Wageningen University) in the interview explains: “Currently
we don’t know the position of the threshold. Furthermore we
don’t know when we notice that the threshold value is
reached, and if this will be noticed in time. This means that
currently we also have no clear idea on the time that is left to
take action against ocean acidification”.
Rockström et al., (2009) attempt to define possible
planetary boundaries within which we can expect that humaninduced CO2 emissions can be handled without the risk of
reaching the threshold. However, the article also expresses
the uncertainty of this planetary boundary, because the
response of ecosystems is still unclear.
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Food for Thought
 Reducing CO2 emissions is not the only
way to take actions against ocean
acidification, but cannot be compared to
the other actions in relation to scale.
Therefore a reduction in CO2 emissions
is much more effective
 Mitigation of climate change does not
necessarily equate to mitigation of
ocean acidification.
 It is vital that ocean acidification will be
better incorporated in the climate
change debate. This can easily be done
by focusing more on CO2 emission
reduction
 The “safe” level of atmospheric CO2
with respect to ocean acidification is yet
unknown (Rockström et al., 2009)
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Targets and goals






There is a need for extended research on the effects of ocean acidification focusing on
interdisciplinary issues of ecological and socio-economic impacts
There should be put a larger emphasis on the reduction of CO2 emissions by policy makers and
within the current climate change debate
The reduction in pH should be ceased by reducing atmospheric CO2 emissions
There is a need for information on the threshold pH value for concentration of CO2 in the oceans.
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Appendix: Research Methods
This research started with the selection of the topic. I started from my personal background in
environmental economics and I tried to focus first on global issues in the climate and environmental
sector. I narrowed down my research to ocean acidification and this is where I started the scientific
research. The Science Digest is based on literature research and interviews with experts in the field.
The literature research was started with inserting the keywords ‘ocean acidification’ in search
engine Scopus. This has later been narrowed down by linking ocean acidification to other keywords such
as ‘social impact’, ‘environmental impact’, ‘economic impact’, ‘food security’, ‘vulnerability’, ‘tipping point’,
‘legal aspects’, ‘international law’, and ‘UNFCCC’. The Scopus analysis showed a steep increase in
number of publications on ‘ocean acidification’, as is shown in Figure 1. A first selection of the articles
was based on the year of publication, which was narrowed down to 2008 to 2013.
The pie chart showing the number of documents per subject area (See Figure 2) is used in order
to see which subject areas might be underrepresented. Based on the pie chart I decided to first look at
issues that are mentioned in the niche subject area of social sciences. In a later stage all the subject
areas were again included in the research, in order to get a good overview of overall issues within the
topic.

Figure 1: Scientific publications on ocean acidification per year from 1967-2013

Figure 2: Scientific subject area’s share in published articles on ocean acidification
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The extensive literature study was an important part in the research. It gave me a good overview on the
topics and debates in the field, and it formed the basis for selecting experts for expert interviews.
The received feedback is incorporated for the biggest part. There was no contradicting feedback so it was
possible to incorporate the comments. However, I did keep the right not to incorporate feedback in the
case of not agreeing with it.
In the writing of this digest many comments and feedback were given. Since there were no major
contradictions in this, most of it has been processed. This included both comments from the experts as
well as from the project’s coaches. In total 10 experts were contacted, of which I got 6 positive responses
for interviews and validation.
Rakhyun E. Kim: Research fellow at Earth System Governance Project, associate fellow at Centre for
International Sustainable Development Law and member of IUCN World Commission on Environmental
Law. Author of paper ‘a New Multilateral Environmental Agreement on Ocean Acidification Necessary?’.
Author interview (via email) and validation (via email).
Scott C. Doney: Senior scientist Marine Chemistry and Geochemistry. Director of WHOI Ocean and
Climate Change Institute. Main author of paper ‘Ocean acidification: the other CO2 problem’. Author
validation (via email).
Rolf Groeneveld: Assistant professor, chair group Environmental Economics and Natural Resources at
Wageningen University. Main research on the economics of coastal and marine ecosystems, with an
emphasis on interdisciplinary bioeconomic modelling. General interview on 2 December 2013,
Wageningen, and validation (via email).
Ekko van Ierland: Professor, head of chair group Environmental Economics and Natural Resources at
Wageningen University. Main research on environmental economics, climate change and cost-benefit
analysis. General interview on 22 November 2013, Wageningen, and validation (via email).
Jan van Tatehove: Special professor marine governance, chair group Environmental Policy at
Wageningen University. Main research on environmental policy and marine governance. General
interview on 6 December, Wageningen.
Appy Sluijs: Assistant professor, Biomarine Science group at Utrecht University. Main research on
reconstructing temperature, marine ecology, hydrology, biogeochemical cycles and sea level during
periods that were characterized by rapidly increasing, or generally high concentrations of CO2 in the
atmosphere. General validation (via email).
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Marine Microbial Ecology – It’s the small things that matter
December 2013
By Rogier “Justin” Reemer, Wageningen University and Research Centre (WUR)
rogier.reemer@wur.nl

Introduction
The oil spill in the Gulf of Mexico in 2010, where
Facts and Figures
the equivalent of 4.9 million barrels of oil was
 Over 90% of marine biomass consists of
released into the environment, attracted a lot of
microbial life.
attention among policy makers and civil society.

An estimated 50-80% of all biomass is
However, the catastrophic predictions of the
found
under the ocean surface.
impact on the ecosystem seemed far less than

Microbial
phytoplankton makes up the
expected due to marine microbes digesting the
basis of the marine food chain and is
oil spill, even though there are signs of
responsible for producing 50% of the
permanent damage (Walsh, 2011). This is a
world’s oxygen.
clear example of the adaptive properties of

Microorganisms are also the main drivers
bacteria and the wide range of compounds they
behind
nutrient availability in marine
can feed on (Löffler et al., 2006). Microbes also
ecosystems.
have a very diverse range of substances they
 However, microbial community dynamics
can produce and are at the base of healthy,
are still poorly understood.
stable, ecosystems all over the world. Marine
Microbial Ecology, while still a relatively new
field of research, is rapidly uncovering the importance of microbial life in nutrient availability in
ecosystems. This is no different for marine environments in which, for example, processes such as
nitrification (Baker et al., 2012) and CO2-fixation (Emerson et al., 2013) are mainly regulated by
microorganisms. Seeing as how over 90% of the ocean’s biomass is estimated to be microbial life
(Ausubel et al., 2010), it is no surprise that their role is crucial in ecosystems. However, because this field
has only become a hot topic in the last 10 years or so (Schoustra, S., pers. comm.), In‐depth research is
still lacking and only general findings exist in terms of marine biodiversity (Millennium Ecosystem
Assessment, 2005) or in relation to human health (Dunn et al., 2013). This Science Digest describes the
possible goals in this field such as combining the data of current research and using bioreactors to utilize
the various possibilities of microbial life in order to contribute to Sustainable Development.

Scientific Debate
Within the scientific community there is still debate on the determination of microbial species due to
having only small amounts of genetic material to work with (Caron et al,. 2009). In addition, one of the
difficulties is determining marine microbial biodiversity, as the sheer number of species is very high and
the data of different areas is not properly integrated (Duffy et al., 2013). There are also the technical
difficulties of measuring a large area like the ocean, which naturally comes forth from the trade-off of
either covering a large area or getting a detailed description (Duffy et al,. 2013). However, it is becoming
more clear that a large microbial biodiversity is not necessarily the main reason for a healthy ecosystem.
Rather, the composition of a certain microbial community may be a stronger indicator than biodiversity
(Amaral-Zettler et al., 2010) and microbial community dynamics change when influenced by other factors,
such as an increase in CO2-levels (Brussaard et al., 2013). As such, a change in a microbial community
might have a big effect on the ecosystem’s nutrient cycles (Verdegem, M., pers. comm.) and, due to this,
on the other organisms living there as well.
There have been suggestions of connecting the current assessments of marine biodiversity into a
single global assessment on marine biodiversity. Such a systems approach would assist in integration
about knowledge on marine life and is needed in order to establish the importance and function of
microbial communities in ecosystems. If this is known this knowledge can possibly be applied in
increasing ecosystem resilience or assisting in ecosystem restoration, such as the oil spill (Schoustra, S.,
pers. comm.). This would not only help in improving the current assessments on marine life but also in
linking the data on marine ecosystem health at all different levels “from microbes to whales, […] to entire
ecosystems” (Duffy et al., 2013). Such linking is also important in further research of the interactions
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between microbial communities
and their environments as the
major problem at this time is
that there is no certainty on the
full
potential
of
utilizing
microbial life.
However, where on the
one
hand
microbial
communities are to be studied
and researched in order to
determine their interactions
with the ecosystem, on the
other hand there is an ever
growing interest in the scientific
community
in
bioreactors
(Figure 1). A bioreactor is a
machine that optimizes a
natural environment for growth
of specific microbial species
and communities. The marine
bioreactors focus on microbial
life that needs such specific
living conditions (high salt
concentrations, high pressure,
etc.), that they cannot be
Figure 1: An example of a bioreactor utilizing the increased pressure
cultured in a laboratory (Zhang
of the ocean. (Zhang et al., 2011)
et al., 2011). By positioning the
bioreactor off the coast on the
sea floor, the bioreactor’s microbial life is able to thrive under its natural conditions. These bioreactors
could even lead to a system in which the ocean is used in the sustainable production of medicine or other
chemical substances, clean energy, or even food (Zhang et al., 2011). Moreover, increased use of
bioreactors could lead to production of energy or biological compounds in a sustainable manner without
damaging the ecosystem where the bioreactor is positioned.
In short, more efficient research into microbial
communities and their interactions with the
Food for Thought
environment can be attained through a global
 Microbial communities, while not yet
biodiversity assessment. This could lead to better
completely understood, are at the
utilization of bioreactor technology. Finally, a better
base of a healthy ecosystem.
understanding of microbial ecology can help us in
 A global biodiversity assessment
many fields, from ecosystem resilience and restoration
network helps in understanding the
to even a higher yield in seafood production
dynamics in microbial communities.
(Verdegem, M., pers. comm.). First and foremost,
 A good understanding of microbial
awareness of both the importance and the possibilities
community dynamics can lead to
of microbial life in marine ecosystems has to be
new ways of ecosystem restoration
stimulated in order to fully utilize microbial life in the
and resilience.
oceans.
 Bioreactors combine the ‘special
talents’ of certain microbial species
Targets and goals
with the native marine environment
 Establishment of a global assessment on marine
to produce chemicals and energy
biodiversity, with special attention to microbial
without damaging the ecosystem.
biodiversity
 Stimulation of use of bioreactors can
 Stimulation and promotion of research in
lead to a system to use the ocean for
application of bioreactors in marine environments
sustainable production.
 Improved understanding and functioning of marine
microbial communities
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Appendix: Research Methods
This Science Digest has been based on both literature research and expert interviews. The literature
research was first used for selection of the topic. The Scopus analysis showed a steep increase in
number of publications on ‘Marine microbial ecology’ and ‘bioreactors’.

Figure 1. Number of publications on ‘marine microbial ecology’ (above) and ‘bioreactor’ (below) throughout
the years.

First literature research for the identification of emerging issues was conducted through selection on
number of citations (cut-off at 40 citations) and year of publications (within the last five years). Keywords
used to search for literature were: Bioreactor*, marine microbial ecology, ecosystem resilience,
ecosystem health, aqua* microbial ecology, microbial community and nutrient level*. Experts were
contacted first based on their affiliation with the papers and afterwards on expertise within the
Wageningen University. However, in spite of having contacted 22 experts, only 7 replied in total, with 4
agreeing to an interview and/or validation. One of these experts, however, did not reply in time for her
input to be utilized in this report. These experts were found in the field of microbiology, genetics and
environmental sciences and associated with the Wageningen University. It should be noted, however,
that the Wageningen University is well-known for its research on environmental topics. In the end two
interviews were conducted with Dr. Ir. Sijmen Schoustra, from the laboratory of genetics, and Dr. Marc
Verdegem, from the group of Aquaculture and fisheries. These interviews were used as exploratory
interviews. Dr. Ir. Schoustra, Dr. Verdegem and Dr. Ir. Gosse Schraa, have validated the Science Digest
through e-mail contact. Their expertises and affiliations are described below. All comments provided by
experts and the project coaches could be and have been taken into account, seeing as how there were
no conflicts in the comments. The most important feedback concerned the issue of accessibility, as the
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topic can quickly get rather technical. The experts’ opinions were very helpful in keeping it accessible to
those without extensive knowledge in marine microbial ecology.
Dr. Ir. Sijmen Schoustra: Researcher at Wageningen University, Plant Sciences, Laboratory of
Genetics. Expert on evolution of microbial communities and contacted for that expertise. Interview on
December 3rd, 2013, Wageningen. Validated Science Digest through e-mail contact.
Dr. Ir. Gosse Schraa: Assistant professor at Wageningen University, Agrotechnology & Food Sciences,
Laboratory of Microbiology. Expert on microbiology, education, environmental engineering and
environmental management. Contacted as general expert in field of microbiology. Validated Science
Digest through e-mail contact.
Dr. Marc Verdegem: Senior Lecturer at Wageningen University, Animal Sciences, Aquaculture and
Fisheries. Expert on biotechnology, aquatic ecology, water quality and aquaculture. Contacted as expert
on aquatic ecology. Interview on November 26th, 2013, Wageningen. Validated Science Digest through email contact.

45

Assessing Sustainable Development for the 2014‐15 UN Global Sustainable Development Report

Biocatalysis in Sustainable Development
December 2013
Stan Willems, Wageningen University and Research Centre (WUR)
stan.willems@wur.nl
Facts and Figures
 Novozymes, a large biocatalyst
producer, aims to reduce their CO2
emissions by 50% by 2015 compared to
2005 in their manufacture of
sustainable biocatalysts (Novozymes,
2013)
 A simple way of explaining a biobased
economy is ‘plants, not petroleum’
(Novozymes website 2012)
 Codexis, another large industrial
biotechnology company, is using
biofuels to develop sustainable sources
for the 2 million ton detergent alcohol
market, a large sector in enzyme
b i
(C d i 2011)

Introduction

Biocatalysis is the use of biological catalysts, such as enzymes,
to perform chemical transformations on organic compounds. A
catalyst accelerates (bio)-chemical reactions. Enzymes that are
used in these biochemical transformations can be purified
enzymes or those that still reside within living cells (using a
whole-cell culture) (Anthonsen et al., 2000).
The brewing of beer is an example of classical chemical
transformation. Enzymes and whole cells (such as yeasts) are
used in the production of wine, beer and cheese which means
their preparation is dependent on enzymes (bio-catalysts) from
microorganisms. Although the techniques in these processes
have been reproducibly worked out, their mechanism of action
was not understood. In the last thirty years biocatalysis has
been used to produce fine chemicals, such as drugs in the
pharmaceutical industry (Liese et al., 2006).
Biocatalysis makes use of green chemistry to provide an overall, more sustainable chemical
product. An example of biocatalysis that is already being largely applied is the utilization of biomass for
sustainable fuels and chemicals. First generation of biofuels derived from starch, sucrose and vegetable
oils are more sustainable than fossil fuels but only in the short term. This is because their availability is
limited and competes with food production. A next generation of biofuels will utilize lingo-cellulosic
biomass and inedible oilseed crops, which is, at the moment, more difficult to degrade than first
generation biomass (Sheldon, 2008). Various products will be available such as biodegradable plastics
and specialty chemicals. Application of 2nd generation biomass will radically change the chemical industry
in terms of structure of supply chains, creating the need for innovative, sustainable chemicals based on
green catalytic methodologies (Sheldon, 2008).
Green chemistry is defined as follows: green chemistry efficiently uses raw materials (preferably
renewable), eliminates waste and avoids the use of toxic and/or hazardous reagents and solvents in the
manufacture and application of chemical products (Sheldon, 2008). Green chemistry is part of the
environmental movement in which the problem has been identified whereas in the sustainability
movement the common goal has been defined. Sustainability chemistry aims 1) to use natural resources
at rates that do not unacceptably deplete supplies over the long term and 2) to generate and dissipate
residues at rates no higher than can be assimilated by the natural environment. The environmental
movement did not have a broad industrial or societal impact because emphasis was placed on the
environmental problems instead of devising technological solutions. Green chemistry is responsible for
the products that are made and the process by which they are manufactured. It utilizes raw materials
efficiently and takes care of the elimination waste, health, safety and environmental aspects of chemicals
and their manufacturing process (Sheldon, 2008).
Roger A. Sheldon introduced the E factor in 1992. The E factor measures the ratio of waste over
product. Sheldon postulated these E factor ranges over the different branches in the chemical industry as
shown in table 1.
Table 1: An overview of the E factors in different industry segments. Adapted from Dunn et al., 2012

Industry segment
Bulk chemicals
Fine chemicals industry
Pharmaceutical industry

Volume/tonnes per year

E factor

4

10 -10

6

<1 - 5

2

4

5 - 20

10 -10
10-10

3

25 - 100
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Table 1 shows that a lot of pharmaceutical companies produce a lot more waste than the bulk chemicals
industry. Pharmaceutical companies produce small, specific commodity chemicals that have to be made
from large, raw materials. Therefore, much is thrown away during the process of purification. Certain
reactions produce many different by-products that are not used after the reaction has been carried out
also resulting in waste. An attractive alternative is the application of biocatalysts which produce far less
by-products or recycle them in other reactions (Dunn et al., 2012). Owing to the fact that biocatalysts are
extracted from natural organisms, it is quite logical that barely any waste is produced that is unhealthy for
the environment.

Scientific Debate
The impact of biocatalysts on the chemical industry resulted in more efficient production and less waste.
Since biocatalysts are extracted from natural organisms, very little waste is environmentally toxic.
Although the chemical, social and economic advantages of biocatalysts over chemical approaches have
already been realized, they have not been largely applied in industrial production processes and have
been neglected (Franssen, 2013). Recent breakthroughs in modern
Food for Thought
biotechnology expand the utility of enzymes in chemical industries. If
 Biocatalytic processes can
designed properly, using biocatalysts in chemical production provides
potentially be more efficient in
businesses with a myriad of benefits such as lower costs, timesaving,
producing the same chemical
and less waste generation. The greater focus on sustainable
product as organic synthesis
manufacturing processes places (bio)-catalysis at the top of the green
because of their specificity for
chemistry movement (Bussaca et al., 2011).
certain reactions
One concern with the incorporation of biocatalysts stems from
 2-step biocatalytic
the idea that biocatalyzed processes take longer to complete. Much is
conversions result in a lot less
unknown about biotechnological processes in general, especially in
waste than a 10-step organic
the field of specialty chemicals where organic chemists prefer
reactions since less additives
traditional methods of organic synthesis. Also, new materials and
have to be incorporated in the
equipment will need to be purchased in order to switch over from the
reaction
chemical synthesis of a certain product to the biochemical synthesis.
Familiarity with the old process can also rule out the incorporation of
biocatalysts.
Another disadvantage of using enzymes (biocatalysts) is that they are expensive for companies
who do not produce them themselves. Many enzymes have to be modified in order to be able to use them
on an industrial scale. The costs of such a modified enzyme are much higher than buying organic
reagents for performing certain reactions (Franssen, 2013). It would be difficult to incorporate the biocatalytic industry in developing countries due to these high costs, but perhaps private companies can set
up local factories to improve employment there.
The waste problem in the chemical industry can be
largely eliminated through the use of catalysis and alternative
reaction media. There are many more advantages to using
biocatalysis than disadvantages. Although these enzymes
have to be upgraded from their original, natural form, their
stability and reaction rate is largely improved through directed
evolution and rational redesign (Carvalho et al., 2011).
Enzymes are very specific and can act under mild conditions,
meaning low temperatures and optimal pH conditions. This
makes them more environmentally friendly along with the fact
that they produce less to no waste and can also be
biologically degraded (Leggewie et al., 2012).

Figure 1: Pie chart showing the different sectors
where enzymes were produced (Novozymes, 2012)
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Targets and Goals





Certain chemical catalysts such as rhodium, iridium, palladium and platinum will become scarce long
before petroleum does (Dunn et al., 2012). An alternative is not only preferable but also necessary in
the long run. Finding new chemical methodologies using more abundant metals or, even better,
enzymatic catalysts has a high value for society (Dunn et al., 2012)
Increase efficiency of biological catalysts so that their reaction rates and substrate loadings are
improved (Zhang et al., 2013)
Transition from chemical catalysis to biological, enzyme-based catalysis in order to significantly
reduce the effect of waste within the chemical industry

Acknowledgements
The United Nations Department of Economic and Social Affairs (UN-DESA), Division for Sustainable
Development (DSD), was the commissioner. Financial support for the Science Digest was provided by the
“International Environmental Policy Consultancy Project” of the “OWI small innovation project” program.
Many thanks go out to the experts Prof. Dr. Willem van Berkel (Biochemistry, WUR) and Dr. Maurice
Franssen (Organic chemistry, WUR) who provided valuable input during interviews. The author would
also like to thank Cherry Ignacio (SUNY-ESF) for her constructive feedback on this Digest. Any
shortcomings of the Digest remain the sole responsibility of the author.

References
Anthonsen, T. (2000). "Reactions Catalyzed by Enzymes". In Adlercreutz, Patrick; Straathof, Adrie J. J.
Applied Biocatalysis (2nd ed.). Taylor & Francis. pp. 18–59.
Busacca, C. A.., Fandrick, D. R., Song, J. J., & Senanayake, C. H. (2011). The Growing Impact of
Catalysis in the Pharmaceutical Industry. Advanced Synthesis & Catalysis, 353(11-12), 1825–1864.
Leggewie, C., & Duenkelmann, P. (2012). Biocatalysis: A solution to prevent resource dissipation and
environmental pollution, 30(December) Sustainability Green Chemistry.
"Codexis enters detergent alcohols market. Retrieved 03-04-2011”.
De Carvalho, C. C. C. R. (2011). Enzymatic and whole cell catalysis: finding new strategies for old
processes. Biotechnology advances, 29(1), 75–83.
Dunn, P. J. (2012). The importance of green chemistry in process research and development. Chemical
Society reviews, 41(4), 1452–61.
Franssen, M.C.R. (2013). Expertise in Biochemistry and Organic Chemistry, part of the Laboratory for
Organic Chemistry. Interview in Wageningen, on November 25, 2013.
Liese, A.; Seelbach, K.; Wandrey, C., ed. (2006). Industrial Biotransformations (2nd ed.). John Wiley &
Sons. p. 556.
Novozymes (2012). Novozymes Report 2012. Retrieved on 6 December, 2013.
http://report2012.novozymes.com/
Novozymes Leaflet 2013. Facts about Novozymes. Retrieved on [6 December, 2013.
http://www.novozymes.com/en/about-us/brochures/Documents/TodaysFacts-2013.pdf
Novozymes website 2012. ‘How plants and not petroleum will drive the future economy’. Retrieved on 12
December, 2013. http://www.novozymes.com/en/news/news-archive/Pages/how-plants-and-notpetroleum-will-drive-the-future-economy.aspx
Sheldon, R. A. (2008). Why green chemistry and sustainability of resources are essential to our future.
Journal of environmental monitoring : JEM, 10(4), 406–7.
Zhang, J., Zhu, T., Wu, X., & Chen, Y. (2013). Enhancement of biocatalytic efficiency by increasing
substrate loading: enzymatic preparation of L-homophenylalanine. Applied microbiology and
biotechnology, 97(19), 8487–94.

48

Assessing Sustainable Development for the 2014‐15 UN Global Sustainable Development Report
Appendix: Research Methods
To find articles within Biocatalysis in Sustainable Development, the Scopus search engine was used using
the search term ‘biocatalysis’. The relevance of biocatalysis as an emerging issue within sustainable
development was checked using the number of documents published within ‘biocatalysis’ over the years.
This is a function within Scopus and it produced the following graph:

Figure 1. Number of publications on ‘biocatalysis’ throughout the years.

This graph shows that biocatalysis was already a hot topic before 2008 but in the last few years
publications within biocatalysis have sky-rocketed.
Interviews were conducted to acquire more knowledge on the topic. Experts Prof. Dr. Willem van Berkel
and Dr. Maurice Franssen from Wageningen UR were interviewed in an exploratory manner to get an
idea of biocatalysis within sustainable development. Authors from researched literature were contacted to
schedule an interview, but only a few replied that actually did not have time for an interview (or a
validation check) before the report deadline. Wageningen UR experts Dr. Maurice Franssen and Prof. Dr.
Willem van Berkel carried out validation of the Science Digest and sent their remarks on the Science
Digest via email. The interviewed experts are active in the fields of biocatalysis, biochemistry and organic
chemistry. It is necessary to mention that Wageningen University is well known for its focus on life
sciences, in which enzymatic catalysis plays a large role. Experts and coaches gave a lot of different
feedback which was sometimes contradicting. In the end all the different feedback was combined and
incorporated in a balanced manner.
Dr. Maurice Franssen: Associate Professor at Wageningen University, Agrotechnology and Food
Sciences, Laboratory of Organic Chemistry. Expert in biochemistry and organic chemistry. Exploratory
interview and validation of Science Digest. Interview in Wageningen, on November 25, 2013.
Prof. Dr. Willem van Berkel: Associate Professor at Wageningen University, Agrotechnology and Food
Sciences, Laboratory of Biochemistry. Expert in biochemistry and bioinformatics. Exploratory interview
and validation of Science Digest. Interview in Wageningen, on November 25, 2013.
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Introduction

E-waste4, or electronic waste, is one of the fastest growing
waste streams, due to the rapid obsolescence of electronic
goods and contemporary consumption patterns.
A portion of E-waste can be sold and reused as
second-hand products, effectively expanding the lifespan of
electronic products and bridging the digital gap between
countries (Ejiogu, 2012). Moreover, E-waste contains
valuable metals, such as copper, silver and gold, that can
be extracted (Herat & Agamuthu, 2012; see also Schluep et
al., 2009). On the downside, E-waste also contains
numerous toxic substances (Robinson, 2009).
Each year, large quantities are transferred between
countries. Exporting countries often violate international
treaties on the transfer of hazardous waste (Robinson,
2009). Receiving countries often lack legislation or an
overview of what is coming into the country and the knowhow to safely process E-waste (Herat & Agamuthu, 2012).
When handled improperly, E-waste pollutes the water, soil
and air, and affects human health (for an overview, see
Herat & Agamuthu, 2012; Ejiogu, 2012; Robinson, 2009).
There is evidence that some (agricultural) export products
are contaminated as well (Robinson, 2009).
For all these reasons, E-waste has received lots of
attention in the receiving countries and in the scientific
community. This peer-reviewed Science Digest provides a
brief overview of E-waste research, and recent findings.

Facts & Figures
 E-waste is one of the fastest
growing types of waste (Widmer
et al., 2005);
 20-50 million tonnes of E-waste is
generated globally per year
(UNEP, 2006);
 E-waste is mostly produced by
Europe, the United States and
Australasia (Robinson, 2009);
 E-waste comprises 8% of
municipal waste in rich countries
(Robinson, 2009);
 Two-thirds of E-waste from the
EU and US ends up in landfills
and is not recycled properly
(European Commission, 2011);
 51% of E-waste shipments to
non-OECD countries is illegal
(Kraan et al., 2006);
 An estimated 75% of computers
shipped to developing countries is
irreparable waste (Benebo, 2009;
Schmidt, 2006).

Scientific debate
In the past five years alone, there were more than 1,500 scientific articles dealing with E-waste. Research
on this topic is mostly done in the areas of environmental sciences and engineering. Corsini et al. (2013,
forthcoming) reviewed E-waste research from 2001 to 2011. Management and policy issues were
predominant areas of research in Europe, during the period going from 2001 to 2006. Chemical pollution
of the environment and related health issues in developing
Impacts of E-waste (Robinson, 2009)
countries gained a predominant role from 2006 to 2011.
 E-waste pollutes the soil, the air,
Recycling activities are present in the different areas of
and the water;
studies mentioned above. In comparison to other research
 People are exposed to the
areas, E-waste logistics have been a small area (Corsini et
contaminants through smoke, dust,
al., 2013, forthcoming).
drinking water and food;
Two of the few scientists who did conduct research on
 Fish, prawns, carp and other marine
the logistics of E-waste, are Lepawsky & McNabb (2010).
life near E-waste spots are
They mapped international flows of E-waste (see Figure 1).
contaminated with toxic substances;
Contrary to what is commonly thought, Lepawsky & McNabb
found that: 1) the international trade in E-waste is a more
 Some agricultural or manufactured
complex story than being one about
products for export are
contaminated.
4

E-waste and WEEE (Waste Electrical and Electronic Equipment) describe discarded appliances that use Electricity. E-waste
describes discarded electronic goods, such as computers, televisions and cell phones, while WEEE also includes traditionally nonelectronic goods such as refrigerators and ovens (Robinson, 2009).
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Figure 1. Global trade in E-waste, 2006
Source: UN COMTRADE, calculations and Figure by Lepawsky and McNabb (2010).
Layout partially adapted by author.

‘rich’ countries dumping waste in ‘poor’ countries, 2) the trade in E-waste occurs mainly within regions,
instead of between regions, 3) the Pollution Haven Hypothesis5 is an important, but partial, explanation of
observed trade patterns and, 4) there is a need to conceptualize the trade and traffic of E-waste as
dynamic processes.
The emergence of transnational crime around E-waste is another neglected topic. A frontier scientist
in this area is Bisschop (2012). She analysed the case of illegal transports of E-waste in a European
trade hub, by conducting field research and interviews with key informants. She found that many different
actors, both legally and illegally, knowingly or unknowingly, facilitate or are involved in the illegal
transports of E-waste. Some of her informants disclosed the involvement of organised crime groups. She
concluded that economic, cultural, political and social motives and opportunities together determine the
illegal flows of E-waste.
Environmental, economic and social issues associated with
Food for Thought
E-waste are changing. For example, China is becoming a major E E-waste is not solely flowing from
waste producer (Robinson, 2009). The chemical composition of E‘rich’ countries to ‘poor’ countries
waste changes with the development of new technologies and
(Lepawsky & McNabb, 2010;
pressure from environmental organizations on electronics
Wielenga, 2010);
companies to find alternatives to environmentally damaging
 Transnational environmental crime in
materials (Robinson, 2009). The routes of E-waste change
E-waste is on the rise (Bisschop,
(Lepawsky & McNabb, 2010; Bisschop, 2012), as well as the final
2012);
destinations (see also Bernhardt & Gysi, 2013).
 E-waste is highly dynamic: in terms
of its producers, its chemical
Targets and goals
composition, its consumers, the route
 More responsibility for producers of electronic goods;
it takes, and its destination.
 Efficient use of metals by reusing and recycling a larger
proportion of E-waste.
5

The Pollution Haven Hypothesis is the proposition that pollution-intensive economic activity will tend to migrate to those
jurisdictions where costs related to environmental regulation are lowest (Lepawsky & McNabb, 2010).
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(WUR), Giulia Bongiorno (WUR), and Lina Camargo (State University of New York, The United States) for
their constructive feedback on this Digest. Any shortcomings of the Digest remain the sole responsibility
of the author.
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Appendix: Research Methods
GEO-5 has marked E-waste as an emerging issue within chemical waste (Osibanjo et al., 2012).
When one inserts the keywords ‘E-waste’ and ‘electronic waste’ into the scientific database Scopus, and
analyses the results, one will find an increase of scientific publications on the topic (see Figure 1 below).

Figure 1. Number of documents on E-waste throughout the years

A literature study has been conducted, by inserting the keywords ‘E-waste’ and ‘electronic waste’ into
Scopus, searching within the period of 2009 to present. This Science Digest mainly draws on highly cited
reviews and the latest scientific publications.
Figure 2 below shows which subject areas pay a lot of attention to E-waste. The focus of the Science
Digest was on frontier scientists in E-waste research.

Figure 2. Number of documents on E-waste by subject area
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Eight scientists were approached; seven of them responded, and have been interviewed and/or e-mailed
for the Science Digest. The selection was based on their expertise in environmental sciences and
(electronic) waste. Some of the experts were original authors of a scientific article used in the Science
Digest. The purpose of contact with experts was receiving feedback, input in additional perspectives
and/or validation of the Science Digest. In the next section, a list of experts follows, including the reasons
for selecting them.
Filippo Corsini (Scuola Superiore Sant’Anna, Italy): Corsini is a PhD candidate. He is one of the
original authors of a review used in the Science Digest. E-mail correspondence in December 2013.
Sunil Herat (Griffith University, Australia): Herat is a senior lecturer and the head of department
Environmental Engineering. He is one of the original authors of a review used in the Science Digest.
Herat has published multiple scientific articles on E-waste. E-mail correspondence in December 2013.
Ekko van Ierland (WUR): Van Ierland is a senior professor leading the chair group Environmental
Economics and Natural Resources. Interview on 22 November 2013, in Wageningen.
Kees van Leeuwen (Utrecht University, The Netherlands): Van Leeuwen is a professor in water
management and urban development at the Copernicus Institute of Sustainable Development. His areas
of expertise are: ecology, toxicology, water pollution, major chemical accidents, risk assessment and
management of chemicals, and urban water management. Interview over the phone on 27 November
2013.
Peter Oosterveer (WUR): Oosterveer is an Associate Professor in the chair group Environmental Policy.
He has worked on the topic of municipal waste in East-Africa in the past. Interview on 10 December 2013,
in Wageningen.
Brett Robinson (Lincoln University, New Zealand): Robinson is an associate professor in the Faculty
of Soil and Physical Sciences. He is one of the original authors of a highly cited review used in the
Science Digest. E-mail correspondence in December 2013.
David Sonnenfeld (State University of New York, The United States): Sonnenfeld is a professor for
the college of Environmental Science and Forestry (ESF). He has worked on the topic of E-waste in the
past. E-mail correspondence in December 2013.
Corsini, Herat, Van Leeuwen, Oosterveer, Robinson, and Sonnenfeld validated the Science Digest. Van
Ierland, Van Leeuwen, and Oosterveer – in other words, the interviewees – stressed the importance of
extended producer responsibility and resource efficiency. Although these issues are mentioned in the
Digest, they are not elaborated on, due to the striving for conciseness and focus. Moreover, extended
producer responsibility and resource efficiency through recycling have been discussed extensively in the
scientific community already. The purpose of my Digest was to highlight overlooked topics, such as the
flows of E-waste.
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Twofold character of protein substitutes – Role in sustainable production and
consumption in the livestock sector
December 2013
Giulia Bongiorno, Wageningen University and Research Centre (WUR)
giulia.bongiorno@wur.nl

Introduction

Facts & Figures
 The livestock sector is responsible for
about 18% of the total worldwide GGH
emissions, it uses about 70% of the
available agricultural land and represents
about 8% of global water usage
(Stehfest et al., 2013);
 Feed production is responsible for
50-85% of climate change, 64-97%fof
eutrophication potential, 70-96% of
energy use in the whole animal
production system (Nguyen et al., 2012);
 2 to 15 kg of plant material is needed to
produce 1 kg of animal products(low
energy conversion);
 40% to 50% of the global grain harvest is
used for feed production (van Zanten et
al., 2013);
 Regarding land use, eutrophication and
acidification, consumption of livestock
products is responsible for 43%, 51%,
and 60%, respectively, and impacts, the
entire food domain (Benders et al.,
2012).

Livestock products have been, and continue to be important
elements of the human diet. At the same time, it is the agricultural
sector with the highest negative impact on the environment and
human health, particularly in countries where intensive agricultural
methods prevail (Röös et al., 2012). The sector is associated with
nutrient losses, pesticide leakage and utilization of large tracts of
agricultural land, water and fossil fuels. These systems contribute
to GHG emissions6 and climate change (Smith & Gregory, 2013),
threatening sustainable development.
However, in response to a rising demand for livestock
products, intensive livestock production has expanded steadily in
the last half century, both in developed and developing countries
(Huneault et al., 2012). According to the FAO (2010), the global
demand for animal products, and subsequently demand for feed,
is expected to double by 2050, due to an increasing world
population, rising incomes and further urbanization, but
constrained by climate change (this can negatively affect
productions). With this, the increased competition for land for other
application will result in increased food and feed losses (Holman et
al., 2011).
Developed countries experience high levels of
overconsumption and intensive production of livestock products.
However, there is low growth or even stagnation of growth in the sector, while developing countries
experience an increase in production and consumption, and the sector is shifting from an extensive
pattern towards an intensified one. Increasing numbers of people in developing nations express a desire
for a more Western-style diet, and, consequently, the pressure on natural resources accelerates (Buttriss
and Riley, 2013).
In the livestock sector, feed production (cultivation, processing and transport) and livestock
consumption represent the main sources of impacts regarding GHG emissions and use of resources
such as land, water, energy, nutrients and biodiversity (van Zanten, et al., 2013; Nguyen et al., 2012
Aiking, 2010). This paper aims to provide mitigation options, represented by sustainable protein
substitutes for food and feed related to the livestock sector.

Scientific Debate
The discussion revolves around whether to reduce the negative impact of the livestock sector using
technological measures, or to reduce livestock production and consumption, without undermining food
security (Stehfest et al., 2013). In the entire chain of production and consumption of livestock products,
feed production and livestock consumption by humans are by far the most important contributors to
environmental impacts in the sector. In this paper attention focusses on one of the new potential
mitigation options: novel and/or more sustainably produced protein substitutes for food and feed that
are now more widely available, than ever before (Figure 1) (Nijdam et al., 2012; van Zanten et al., 2013;
van der Spiegel et al., 2013). Protein substitutes are particularly interesting for their twofold character.
A human diet based on the exchange of the meat portion in the diet with meat substitutes, has
lower climate and land use related impacts, than a diet with food products of animal origin (Chiu & Lin,
6

GHGs: Green House Gas emissions; any of the gases whose absorption of solar radiation prevent heat from escaping into space,
causing the greenhouse effect, including carbon dioxide, methane, ozone, and the fluorocarbons.
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2009). Substitutes such as legumes, pulses, vegetables and cereals, eggs, or novel protein sources
like insects, algae, duckweed, and rapeseed or products based on plant proteins present an LCA7
with lower impacts compared to livestock products, and could completely substitute these (McEvoy et al.,
2011; Nijdam et al., 2012; Temme et al., 2011; van Huis, 2013).
It is also important to orient research towards the development of new feed substitutes that can
replace cereals as major source of nutrition for pigs, poultry, dairy cows and cattle (Garnett, 2009). Use of
agricultural co-products, by-products, insects, duckweed, seaweed or microalgae that have less
impact related to emission and resource use (e.g. land) than conventional feed, can be an alternative for
importing feed from other countries, and can transform an inedible product into an edible one (van Zanten
et al., 2013; van der Spiegel et al., 2013, van Huis, 2013; Holman et al., 2011, Wirsenius et al., 2010).
Smil (2000) states that “assuming that the area now devoted to feed crops were planted to a mixture of
food crops, and only their milling residues were used for feeding”, food could be provided for 1 billion
people. Some co-products are already being used in diets of livestock; Vellinga et al. (2009) showed that
in The Netherlands in 2007, 22 % of livestock diets were composed of co-products (e.g. beet tails).
The main barriers in the use of novel sustainable protein substitutes are legislations, technical
and processing challenges, and limited knowledge about possible food safety hazards, including a range
of contaminants (van der Spiegel et al., 2013). These recommended dietary changes could help food
security, climate change and resource availability, related to unsustainable meat production.
Dairy,
meat, egg,h
fis
Soy,
wheat

Applica on

Figure 1. Overview of potential alternatives to protein sources
with respect to time taken to enter the market and the extent of
application to food and feed (van der Spiegel et al., 2013).
Legumes,
grains,
mushrooms,
Rape seed,
potato, palm
algae, grass,
duckweed,
by‐products
Insects

In vitro
meat

Time to enter market

New technologies and innovations in food production needs to
be combined with a shift in consumption, since technology and
society cannot be considered to be independent of one
another (Aiking, 2010). Increased awareness of the
environmental impact of food, concrete choices in favour of
alternative sources of protein and eco-friendly products and a
general global consensus on the importance of decreasing
food waste and over-consumption, is needed (Austgulen,
2013; Dagevos and Voordouw, 2013; Pereira et al., 2012;
Röös et al., 2013; Stehfest et al., 2013).

Targets and Goals





7

Increase application and presence in the market of protein
substitutes in human food and animal feed (Figure 1),
through the use policy instruments, subsidies, research for
development, improvements of legislation and regulation
regarding safety and use aspects of new proteins;
Decrease impact due to feed production and increase
awareness of farmers about the impact of different feeds;
Influence reduction in meat and dairy consumption in
western countries and environmental awareness about

Food for Thought
 “Identification of new feed resources is
crucial for sustainable animal production and
future viability” (Holman et al., 2011);
 “Assessing the use of co-products in the
livestock sector is of importance because
shifting its application can reduce the
environmental impact of the sector’” (van
Zanten et al., 2013);
 Protein intake in the European Union is 70%
higher than the levels recommended by the
World Health Organization (Westhoek et al.,
2011);
 Given the low energy conversion and the
high demand for land associated with
livestock production, reduction in livestock
product consumption could reduce the need
for more food (Smith & Gregory, 2012);
 A global transition towards low-meat diets
may reduce the costs of climate change
mitigation by as much as 50% in 2050
(Stehfest et al., 2009);
 The transition towards more sustainable
food production and consumption requires
cooperation of multiple actors: policymakers,
NGOs, traders, farmers, and consumer. This
transition will encounter cultural, political,
and commercial resistance (Vinnari &
Vinnari, 2013).

LCA: Life Cycle Assessment which quantifies the environmental impacts of a product in a consistent and standardized way.
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livestock product consumption both in developed and in developing countries.
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Appendix: Research Methods
Personal background, personal interest and the emphasis that professors of Wageningen University gave
to the problem of the livestock sector, gave rise to the preliminary idea to address this topic in this work.
By inserting the keywords ‘sustainable food consumption’, ‘livestock emission’ , ‘sustainable livestock ‘,
‘sustainable meat production’, ‘sustainable intensification’ and ‘meat crisis’ into the scientific database
Scopus, graphs showing the growing number of publications during the years confirm the emergence and
the urgency of the issue in the recent years. In Figure1, the time series of the number of publications,
relative to the term ‘sustainable livestock’ is shown.

Figure 1.Time series of the number of publications relative to the term ‘sustainable livestock’.

After an extensive literature study, searching in Scopus within the period of 2009 to present, I had a clear
overview about all the discussions and debates present in the field. The literature was selected on the
basis of the number of citations and the year of publication. At that point the attention was directed
towards the two problems of animal feed production and human consumption of livestock products, since
from the literature study, these two elements were clearly the two main sources of impacts in the sector.
In particular, focus shifted towards the emergence of the issue of novel sustainable protein substitutes of
food and feed. The emerging issue of sustainable protein substitutes was highlighted in the literature too,
as well as in studies conducted at Wageningen University that address this topic (in particular with regard
to insects and algae). The important role that these products can have in the development of sustainable
production and consumption in the livestock sector became increasingly apparent. In Scopus searches on
‘sustainable protein’, the time series relative to the number of publications indicates that this is an
emerging issue, as indicated in Figure 2 below.

Figure 2. Time series relative of the number of publications relative to the term ‘sustainable protein’.
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This Science Digest draws on reviews and latest scientific publications, and its drafting has been
combined with telephone, live and email exploratory interviews. In the first phase of the work the
interviews were used as a tool to understand the complex debate on ‘sustainable production and
consumption of livestock and the products associated with it’ and in this way crystallised emerging issues
to focus my attention on. The experts contacted were in total 20, but only 9 were in the end available for
interview, and none of them were available for focus groups.
The persons interviewed in the preliminary phase were chosen on the basis of their expertise and
publications found during the literature study:
Henk Westhoek: Programme Manager and senior researcher at ‘Agriculture and Food, Netherlands
Environmental Assessment Agency (PBL). Worked for 10 years for the Dutch Ministry of Agriculture on
issues related to livestock and the environment. Responsible for a large PBL project on the environmental
effects of livestock production and is co-chair of the TFRN Expert Panel on Nitrogen and Food. Author of
an interesting paper and book, regarding protein, that I cite in my Science Digest (Wageningen University,
22nd November).
Durk Nijdam: Research assistant, department of sustainable development in PBL Netherlands
Environmental Assessment Agency. Author of a paper that I cite in my Science Digest (Telephone and
email interview, 25th November).
Theun Vellinga: Livestock researcher in Wageningen, senior scientist working on livestock systems with
an emphasis on dairy systems and sustainable production. Author of a paper that I cite in my Science
Digest (Wageiningen University, 26th November).
Aart van der Linden: PhD candidate in Wageningen University in the sphere of animal production
systems. PhD research is part of the Dutch IPOP programme ‘Mapping for sustainable Intensification’,
2012-2016 (Wageningen University, 28th November).
Arnold van Huis: Professor of tropical entomology at Wageningen university. Speaker in the 2012
workshop on Sustainable Protein Supply. Author of the review ‘Potential of Insects as Food and Feed in
Assuring Food Security’ (2013) (Wageningen University, 28th November).
Gerrie van de Ven: Assistant professor in Plant production system at Wageningen University. Expert of
sustainability in the agricultural sector (Wageningen University, 29th November).
Below are listen the experts interviewed after the decision about the focus of my work, that were selected
again based on expertise and publications.
Xueqin Zhu: Associate Professor at Wageningen University in the subdivision of Environmental
Economics and Natural Resources. Author of the paper ‘Impacts of Novel Protein Foods on Sustainable
Food Production and Consumption: Lifestyle Change and Environmental Policy’ (Wageningen University,
2nd December).
Leo den Hartog: Director Nutreco R&D quality affairs. Speaker in the 2012 workshop on Sustainable
Protein Supply. Expert on sustainable production of feed (Telephone interview, 2nd and 3rd December).
Roslynn Brain: Assistant Professor, sustainable communities extension specialist. Utah State University,
Logan, UT, in the department of environment and society. Author of ‘Meat-Wise Eating Habits’ (2013)
(email interview, 4th December).
After expert interviews, the Science Digest was validated by sending the document to all the experts that
were interviewed and also to some authors of papers cited. I adjusted my work according to their
feedback. 17 experts were contacted for validation and finally 9 persons were able to actually validate the
Digest:
Durk Nijdam (see list of experts above).
Roslynn Brain (see list of experts above).
Athanasion Krystallis: Professor at Department of Business Administration, Business and Social
Sciences, Aarhus University. Speaker in the 2012 workshop on Sustainable Protein Supply.
Erik de Bakker: Subdivision of consumer behaviour, LEI, WUR. Author of a paper that I cite in my
Science Digest.
Xueqin Zhu (see list of experts above).
Pete Smith: Professor of Soils & Global Change, University of Aberdeen. Author of a paper that I cite in
my Science Digest.
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Teresa Pereira Heath: Lecturer in marketing, Nottingham University Business School. Author of a paper
that I cite in my Science Digest.
Aart van der Linden (see list of experts above).
Elin Röös: Doctoral student at the Swedish University of Agricultural Sciences, Department of Energy
and Technology. Currently involved in a project about climate-certified supermarkets, possibilities of the
retail sector to stimulate climate-smart food choices and the consequences for greenhouse gas emissions
and profitability. She gives miscellaneous lecture assignments in life cycle assessment and environmental
impact of food production at various levels.
Since feedback was received from different angles and viewpoints (experts, content coach, process
coach and American student counterparts), the decision was taken to rely on the feedback of the content
coach and experts’ opinions that were all very positive regarding the second draft of the Science Digest,
especially regarding the focus on the potentials of the use of protein substitutes for feed and food.
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Phosphorus use inefficiency in China’s agriculture – Implications for global
phosphorus security
December 2013
By Katja Kuivanen, Wageningen University and Research Centre (WUR)
katja.kuivanen@wur.nl
Facts & Figures
 P is essential for agriculture
 Most P is mined from non-renewable
phosphate rock reserves and
incorporated into fertilizers
 China’s average rate of fertilizer
application rose from 5.4 kg/ha in 1960
to 50 kg/ha in 2010 (Li et al., 2013)
 Chinese phosphate rock reserves are
being depleted
 It takes 19 kg of phosphate rock to
produce 1 kg of P fertilizer in China
(Wang et al., 2011)
 P use efficiency in China is low and
decreasing

Introduction

Phosphorus (P) is an essential nutrient for plant growth; this
makes it a key ingredient in fertilizers necessary to sustain high
crop yields worldwide (Cordell et al., 2011; Ulrich & Schnug,
2013). In fact, agriculture is by far the greatest consumer of P
resources with 90% of total societal P use associated with food
production (Van Kauwenbergh, 2010; Wang et al., 2011). Most of
the world’s P is derived from mined phosphate rock; a nonrenewable and increasingly scarce natural resource (Cordell et
al., 2009; Cordell & White, 2011). Thus, managing P use
efficiency in agriculture is an urgent, global challenge.
Today, China is one of the largest producers and consumers of
P fertilizer in the world. The country is also the holder of the
second-largest phosphate rock reserves after Morocco. However,
the supply is dwindling (Wang et al., 2011).8 Furthermore, there is
now clear evidence that agricultural P inputs are often used
inefficiently, leading to losses and associated environmental pollution (Ma et al., 2013; Sims et al., 2013;
Wang et al., 2011). Considering China’s economic power, size and large population base, how the
country will meet food security challenges while improving P resource-use efficiency and environmental
sustainability is of both national and international concern (Ma et al., 2013; Sims et al., 2013; Zhang et al.,
2008).

Scientific Debate
In 2008, a short-term 800% price spike in P fertilizer commodities, due to increased demand, sparked
interest in long-term P security. There is no substitute for phosphate rock and the natural reserves that
are unevenly distributed around the globe are steadily being depleted (Cordell et al., 2009; Cordell &
White, 2011). Whilst the critical nature of P in agriculture as highlighted in the introduction is not in doubt,
there is much debate over the ‘timeline’ of remaining phosphate rock reserves; estimates range from 1001000 years (Cordell et al., 2009; Koppelaar & Weikard, 2013; Van Kauwenbergh, 2010).
Some of the uncertainty is due to lack of accurate data and research, while other sources of
contention are due to misunderstanding and oversimplification of the situation and the fundamental
principles and assumptions around which the arguments concerning P availability are based (Cordell &
White, 2011). What is clear, though, is that the supply of high grade phosphate rock is likely to be
constrained in the future while demand and prices are expected to rise (Cordell & White, 2011). As a
result, collaborative research and literature concerning phosphate rock depletion have proliferated and
the issue of global P scarcity has been taken up by a number of recently founded international platforms
such as the Global Phosphate Forum, Global Phosphorus Research Initiative, Global Phosphorus
Network and the European Phosphorus Platform (Ulrich & Schnug, 2013).
Despite this burst of interest in P, research and debate has mostly centred on Western Europe and
North America and relatively little has been said about emerging economies. China has experienced rapid
socio-economic development and is the most populous country in the world with forecasts indicating a
population of 1.5 billion by 2030 (Ma et al., 2010). Notwithstanding, China grows enough food to feed
20% of the world’s population with only 9% of global arable land (Li et al., 2013). To achieve these
impressive crop yields, farmers have intensified their production, aided by massive fertilizer subsidy
programmes that ensure the availability of sufficient fertilizers at affordable prices (Li et al., 2013).
8

While China is one of the largest annual producers of P, it recently imposed a 135% export tariff on phosphate, effectively banning
any exports in order to secure domestic supply (Cordell & White, 2011).
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However, combined with a high rate of urbanisation- 50% in 2010- and changing dietary preferences
towards a greater inclusion of animal products, these trends pose serious challenges to the sustainability
of agriculture and the management of P flows (Ma et al., 2010).9

Figure 1. P flows into, within, and out of the major sectors of the food chain in China (in Gigagrams - Gg): Overall the food
chain had 6652 Gg of external P inputs and 1102 Gg P as food output for human consumption with an overall P use efficiency of
only 18 % (all data for the year 2006; figure adapted from Wang et al., 2011).

P use efficiency in China is lower than the global average, and this is partly due to over-application and
mismanagement of fertilizers (Ma et al., 2013; Li et al., 2013). As can be seen in Figure 1, the main
source of total P entering the food chain is as chemical fertilizer; comprising 75% of the total plant
production sector inputs. Excess P on crop fields results in losses via erosion and runoff causing pollution
of water bodies (Chen et al., 2008; Li et al., 2013). The largest component of P output is from the animal
production sector in the form of excreta – 2658 Gg. Of this, 1582 Gg of manure or 60% is not recycled
into agricultural land but lost to the environment. In fact, the animal production sector is by far the greatest
source of P losses to surface waters (Ma et al. 2010; for an in-depth assessment of the environmental
impacts of Chinese livestock policies, see Zheng, 2013). Eventually, only 18 % of P entering the Chinese
food chain is captured in food for human consumption (Wang et al., 2011). Understanding these flows is
crucial to developing innovations and policies that maximise the efficiency of P use and thus relieve the
pressure on global P reserves.
Food for Thought
Unlike fossil fuels, P can be
recycled. China has a long and
disappearing tradition of recycling
P-rich animal and human waste.
The percentage of animal manure
applied to crop land decreased from
almost 100% in 1949 to less than
50% in 2005 (Ma et al., 2013).

Targets and Goals







China has around 200 million farmers and a large diversity of
farming systems and farm sizes (Ma et al., 2013). This can impede
effective
policy
implementation
and
make
practical
operationalization of the following strategies a challenge:
Introduction of a collaborative national nutrient monitoring- and
advisory system (Li et al., 2013; Sims et al., 2013)
Implementation of measures to improve P efficiency in the food
chain through: improving animal husbandry infrastructure and
waste management, preventing erosion and improving fertilizer
recommendation and application methods (Schröder et al., 2011).
Research on the feasibility of new technologies and low cost options for P recycling and recovery
(Koppelaar & Weikard, 2013)
9

Research shows regional variation in P use efficiency- the expanding cities situated along China’s eastern shoreline exhibit the
highest rates of P losses due to concentrated, industrialized food production practices (Hou et al., 2013)
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Appendix: Research Methods
The content of this Science Digest is informed by extensive literature research and exploratory interviews
with experts on the topic of global P scarcity and P flows in China. The first step was to check the
relevance of the “emerging issue” by analysing the number of publications dedicated to the topic over the
years. The following figures show the results of two analyses produced by the scientific database;
Scopus. The keywords “phosphorus sustainability” and “China phosphorus” were used as input and the
output shows the relevance of the topics in terms of the number of publications since 1990. As can be
seen from the graphs below, phosphorus is indeed a hot topic.

Figure 2. Scopus graphs with keywords “phosphorus sustainability” (above) and “China phosphorus” (below) show an
increase in publication numbers over the years 1990-2013.

Literature was selected by conducting a search on Scopus using the keywords “phosphorus
sustainability” and “China phosphorus” and limiting the search to publications within the last 5 years. The
number of citations received by a particular publication served as a good indication of its relevance and
impact on the scientific community. Other search engines such as Google Scholar were used to locate
literature too, as were recommendations by scientists at Wageningen University (WUR).
Experts were selected on the basis of their knowledge and involvement with the topic in question.
Their expertise was identified by the relevance of their publications as well as their affiliation with WUR,
which is regarded as a top institution for agro-environmental research. Using these criteria, three
scientists were identified as “experts” and “validators”: Prof. Dr. Oene Oenema based at Alterra research
institute at WUR, Dr. Hans-Peter Weikard based at the Environmental Economics and Natural Resources
chair group at WUR and finally Dr. Ma Lin, a recent PhD graduate from China, based at the Department
of Environmental Sciences at WUR. The purpose of the exploratory interviews conducted with these
experts was to gain insight into the emerging issue and validation of the Science Digest. In the search for
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experts, quality was prioritized over quantity and in-depth, face-to-face interviews were conducted with all
three interviewees, whose expertise and affiliation is described in detail below.
Prof. Dr. Oene Oenema: Researcher in the subdivision of Sustainable Soil Management at Alterra
research institute in Wageningen University. Expertise on soil fertility, agriculture and environment, and
nutrient management. Co-authored a number of scientific publications used to inform the Science Digest.
Interview on December 2nd, 2013, Wageningen. Validated Science Digest through e-mail contact.
Dr. Hans-Peter Weikard: Lecturer at the Environmental Economics and Natural Resources chair group,
in the Department of Social Sciences at Wageningen University. Expertise on environmental economics,
biodiversity, risk analysis and climate change. Co-authored a scientific publication used to inform the
Science Digest. Interview on December 2nd, 2013, Wageningen. Validated Science Digest through e-mail
contact.
Dr. Ma Lin: Recent PhD graduate of the sub-department of Soil Quality in the Department of
Environmental Sciences at Wageningen University. Expertise on nutrient flows, nutrient management,
food security, regional food chains, soil management and phosphorus. Co-authored a number of scientific
publications used to inform the Science Digest. Interview on December 9th, 2013, Wageningen. Validated
Science Digest through e-mail contact.
All comments provided by the experts and project coaches have been carefully taken into consideration.
However, due to time and space constraints, not all of the suggestions put forward could be incorporated
into the final version of the Science Digest. The most important feedback concerned 1) the issue of
accessibility, as the topic is rather complex and can become technical; 2) the importance of highlighting
the nuanced nature of Chinese agricultural systems and policy, and the constraints and limitations
associated with them and 3) The role of industrial animal production in P losses and environmental
pollution. I refrained from technicalities as far as possible and tried to keep my language free of
unnecessary jargon. In terms of highlighting the complexity of the topic; I was obliged to curb the depth of
analysis due to the breadth of the Digest and the limited space available. Lastly, the role of animal
production has not been given the emphasis it deserves and thus, the reader is referred to an excellent
publication on the topic instead.
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Large‐scale Land Investments
December 2013
By Niké Buijze, Wageningen University and Research Centre (WUR)
nike.buijze@wur.nl

Introduction

Facts & Figures
The way we use land has an effect on global food security, regional
 Large-scale land investments
environments and the global climate. Access to land is especially
are a rapidly growing
important for those who depend on it for their livelihoods, which is
phenomenon worldwide
mainly the case in developing countries (Li, 2011). Still 55% of the

Chinese and Brazilian investors
population in developing countries lives in rural areas, a total of 3,1
seem
to be most active in largebillion people (IFAD, 2011).
scale land investments, followed
The recent global food, energy, environment and financial
by investors from South Korea
crises have caused a revaluation of land (Borras et al., 2011). Land has
and India (Anseeuw et al., 2012)
become a valuable good that attracts many investors. Over recent
 Most targeted countries are
years, we have seen an explosion of large-scale land investments. A
found in Africa, but there is a
phenomenon often referred to as ‘land grabbing’ (Borras & Franco,
growing interest in other
2012). The dramatic rise in food prices in 2007-2008 has been a
regions, particularly South-East
specific trigger, but these large-scale land investments are mainly
Asia and Eurasia (Anseeuw et
based on expected long term trends of increasing food and energy
al., 2012)
prices. Therefore, this increase in large-scale land investments is most
likely not a transient phenomenon (Anseeuw et al., 2012). The exact
scope of this phenomenon is unclear. Estimations run from 51 to 83 million hectares worldwide (Messerli
et al. 2013).
Looking at these large-scale land investments, one can see a clear pattern in who the investors
are and who gets invested in. Investors are mostly from developed or emerging economies, while the
target countries are mostly developing countries (Anseeuw et al., 2012). Although some of the
investments come from governments or speculators, most of the investments are done by corporate
actors (Li, 2011). Large-scale land investments are often thought to target idle or underdeveloped land,
but empirical studies show that these investments mostly target locally favourable land (Messerli et al.,
2013). This means that large-scale land investments have a significant effect on the local population.

Scientific Debate
The scientific debate on large-scale land investments is very complex. Within the development debate,
large-scale land investments are phrased both as an opportunity and as a problem (Oya, 2013). Some
see these investments as much needed input for agricultural development while others see it as investors
maximizing profit at the expense of the local population and destroying their livelihoods (Messerli et al.,
2013; Vermeulen & Cotula, 2010).
A relatively new approach in this debate is centralization of the aspect of labour (Li, 2011).
Mainstream economic theories argue that foreign direct investments (FDI) can contribute to a country’s
development (Thun, 2008). For some part, this has to do with the labour these investments generate.
Since most of the target countries are developing countries, the wage labour that flows out of these
investment projects can contribute to worldwide poverty reduction (Li, 2011). This is an important
argument that the World Bank uses to phrase large-scale land investment as an opportunity for poverty
reduction in the target countries (Deininger et al., 2011). There are, however, leading authors who
disagree with this statement. According to Li (2011), investors are not looking to generate labour; they are
looking to produce crops in the most cost-efficient way, since most of them are corporate actors driven by
market forces. As labour is a costly part of the production chain, they often opt for mechanized labour.
Although empirical data on a global scale is unavailable, studies that have been conducted suggest that
the benefits of large-scale land investments in terms of labour are very marginal, especially when you
take into account that the generated labour replaces labour that was already there, but which might not
have been wage labour (Anseeuw et al., 2012).
Furthermore, the jobs created through these large-scale land investments are often seasonal and
don’t create labour opportunities the whole year round (Anseeuw et al., 2012). There are known cases in

67

Assessing Sustainable Development for the 2014‐15 UN Global Sustainable Development Report
which the labour that is generated through large-scale land investments is conducted not by the local
population but by migrant workers. Because there is almost no reliable information available on this topic
on a global scale, it’s hard to say how big the scope of this issue is (Anseeuw et al., 2012).
The way in which the local population is involved in the decision-making process around largescale land investments, is crucial for the way they can enjoy possible benefits from these investments.
Especially when it comes to labour (White et al., 2012). Although the contractual procedure of large-scale
land investments varies from country to country, a common trait is that local communities are rarely a
party in this process. It happens frequently that the local community has no say in the decision-making
process and that they are not even aware of the investment project before it happens (White et al., 2012).
This is different with a contract farming model, where multiple smallholder farmers produce the same crop
for a large investor. Empirical studies in Africa have shown that this model generates more labour than
investments in the form of large plantations, with the side note that the contract farming is governed
properly (Cotula et al., 2009).
The debate on large-scale land investments has been dominated by the case of Africa (Visser &
Spoor, 2011). Although this is partially justified by the fact that most of the large-scale land investments
take place in Africa (Anseeuw et al., 2012), it provides a limited view on the issue. South-East Asia is the
second most targeted region for large-scale land investments (Anseeuw et al., 2012). Also Latin-America,
Eurasia and even Australia experience large-scale land investments. The problem with primarily
focussing on the case of Africa is that the characteristics of both the region and the investments
themselves are not necessarily representative for other regions where large-scale land investments take
place (Visser & Spoor, 2011). This also accounts for the issue of possibilities of labour generation and
contract farming and, more generally, for the overall suitability of a region for large-scale land
investments.

Targets and Goals








Investors are now getting access to resources within
Food for Thought
the target countries at minimum costs (De Schutter,
The target countries of large scale
2013). Better governance by the target countries on
land investments have a different level
large-scale land investments could contribute to
of economic development and another
target countries benefitting more from these land
economic infrastructure than the
investments. In the case of labour generation one
investing countries. Target countries
can think of setting higher minimum wages and
often have a different or non-existing
improving legislation on working conditions.
land tenure structure and there is a
Improving not only the legislation on large-scale land
large amount of the population that is
investments, but also improving the implementation
not part of the market economy. The
of the legislation.
effects of large-scale land investments
Finding an alternative for large-scale land
on these countries are often much
investments and the large plantations they generate.
different than mainstream macroOpted is a support for local ownership, where there
economic theory would suggest (Li,
are investments in local population and their
2011).
productivity rather than in the land itself. Contract
farming might be an option, provided that the process of contract farming is governed well.
There is a clear unbalance in power between the local population and the investors (Cotula et al.,
2009). To make sure that the interests of the local population are safeguarded in the decisionmaking process of the investment project, civil society organizations such as (I)NGOs and an
Ombudsman have to play a more crucial role.
In assessing the benefits and problems generated by large-scale land investments a
geographical focus is essential.
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Appendix: Research Methods
The research for this Science Digest has been conducted through literature study and expert interviews.
The relevance of large-scale land investments as an emerging issue within the scientific world is shown
by the large increase of publications on the topic in recent years. When searching the terms ‘land
grabbing’, ‘large scale land investments’ and ‘large scale land acquisition’ in scientific databases, one can
see that most of the literature on these topics has been published within the last few years.

Database: ISI Web of Knowledge
Term
Land Grabbing
Large scale land investments
Large scale land acquisition

Total publications
340
303
177

Publications 2005 onwards
250
221
132

When inserting the keywords ‘land grabbing’ into Scopus one can also see a clear increase in published
literature over the recent years, as demonstrated in Figure 1.

Figure 1. Increase in publications related to ‘land grabbing’ (Scopus)

Most of the articles used in this Science Digest are highly cited articles; they were the starting point of
research. Other articles were selected because they were discussed in these highly cited articles or
because they are themselves discussing the highly cited articles. The purpose of this exercise was to get
an idea of the debate that these highly cited articles generated in the scientific world.
Two expert interviews were conducted for this Science Digest, both with the purpose of validating the
points discussed. However, both have also provided some new insights on the matters that have been
discussed in this Science Digest. The two scientists below were identified as being experts who could
contribute to the content of this Science Digest.
Josh Maiyo (VU University Amsterdam): Maiyo is a researcher from a target country of large-scale land
investments. Interview on December 2, 2013.
Dr. Oane Visser (ISS): Visser is a leading researcher on the topic within The Netherlands. Interview on
December 11, 2013
Feedback given on this Science Digest by multiple actors was very much appreciated. However, it was
not always incorporated. The author was constantly aware of the trade-off that exists between
incorporating feedback and being able to bring forward the important messages within the Science
Digest. The validation coming from the expert interviews was very helpful in this process.
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Discussion
As previously mentioned, three student teams were charged with completing three tasks. The first task
was to draft briefs on sustainable development assessments conducted by scientific communities (ToR
2). The second task was to draft Science Digests on emerging issues of global concern that have been
highlighted by scientists in sustainability science and related disciplines (ToR 1). The third task was to
develop a list of candidate indicators for measuring progress on Sustainable Development Goals (ToR 3).
SUNY-ESF spearheaded ToR 2, WUR spearheaded ToR 1, and RUC worked on ToR 3. It was expected
that the three teams would work together closely. However, RUC was unable to work collaboratively with
SUNY-ESF and WUR due to logistical reasons. SUNY-ESF and WUR worked closely together reviewing
and discussing each other’s work. The collaboration between the two teams strengthened the project
team’s capacity to complete the Terms of Reference tasks 1 and 2 by sharing knowledge and expertise
across disciplines. The team members come from different backgrounds which made it possible to cover
a wide range of issues related to sustainable development and to adopt a cross-disciplinary approach.
Selection of the topics for the Policy Briefs and Science Digests was based on each member’s interest,
experience, and expertise. This was an advantage as each team member was familiar with the topic.
However, this selection criterion also means that topics that could be very relevant to sustainable
development are not covered because it does not lie in the team members’ areas of expertise. Below are
detailed reflections on the approaches taken to complete tasks 1, 2, and 3.

Part 1: Policy Briefs (ToR 2)
Each Policy Brief was authored by one member of the SUNY-ESF consultancy team. The authors’
primary objective was to accurately interpret the goals and accomplishments of the assessments and to
write a brief that was clear, concise, and critical. This proved to be challenging for several reasons.
First, at the beginning of the project, a considerable amount of the author’s time was spent
learning more about the assessment’s structure and goals and determining how relevant each
assessment is to sustainable development.
Second, the ability of authors to obtain additional information on specific assessments via the
internet was variable. Even when information was abundant electronically, some expertise was needed
to identify relevant pieces of information. After writing an initial draft, each brief was commented on by an
evaluator who had minimal to no previous knowledge of the assessment. Collaboration between the
author and evaluator helped to identify portions of the brief that were not written clearly, lacked a critical
perspective, or were not necessary to include. While the briefs were revised by project team members
from SUNY-ESF and WUR, the Policy Briefs were validated by only a small number of experts. To
compensate this deficiency, the team made efforts to review relevant literature. Further improvements to
the briefs must incorporate additional verification from experts involved in each assessment.
Overall, each Policy Brief has room for improvement. The authors strived to distil each
assessment’s policy recommendations in a manner accessible to the public, but extra tailoring may be
needed to target specific demographics (e.g. different ages, educational levels, etc.).

Part 2: Science Digests (ToR 1)
In order to identify emerging issues (ToR 1), the WUR team conducted literature studies and expert
interviews. In this section, the following issues will be discussed respectively: 1) the limitations of the
literature studies, 2) the limitations of the expert interviews, 3) the consequences of the Science Digests’
format for the presentation of results, and 4) issues the Science Digests could not cover.
For some Science Digests, data and literature was missing. For example, global data on the
scope and specifics of large-scale land investments are not available. The same goes for E-waste. There
is no reliable data on the exact amount and the exact direction of E-waste. Moreover, marine microbial
ecology is still a very new field of research. Consequently, the exact potential of microbial life in the ocean
is still unknown. In the following, a critical reflection on the expert interviews will be discussed.
Due to the time constraint, the students faced a trade-off between the amount of time spent on
literature studies and on interviews. They could only interview a limited number of experts on short notice.
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Especially scheduling interviews with experts abroad was a challenge because of a difference in time
zones. Although the majority of the experts being interviewed are affiliated with WUR in The Netherlands,
WUR is a leading university in life- and agricultural sciences, and related disciplines. Moreover, WUR is a
very international university, with scientists from all over the world. In the end, each student did manage
to have their digest reviewed by several experts and peers, and they largely agreed on the relevance of
the topics for sustainable development. Below, practical limitations will be discussed that influenced the
quality of the Science Digests.
The Science Digests were written for an audience of policy makers. Consequently, the focus is on
clarity and conciseness, instead of comprehensiveness. Because the body text of the Science Digests
could be no longer than two pages, the digests cannot always fully cover the complexity and the nuances
of the issues. This page limit also compromises the number of issues the students could cover. Quality
has been prioritized over quantity. In the following, issues will be mentioned that the students could not
cover and/or elaborate on in the Science Digests, but which could be important, based on the literature
and experts.
The digest on large-scale land investments could not cover the following issues: 1) land tenure
and the problems it generates when land rights are not distributed clearly or are not legally registered, 2)
compensation for those who lose their land due to large-scale land investments, and 3) the various
potential ecological effects of large-scale land investments and the intensive agriculture it often
generates. The Science Digest on phosphorus could not elaborate on: 1) phosphorus recovery and
recycling, 2) the role of increasing greenhouse horticulture in China on phosphorus use inefficiency, and
3) the inefficiency of phosphate rock mining in China. Similarly, the Science Digest on E-waste could not
elaborate in detail on resource efficiency (through recycling) and extended producer responsibility. The
Science Digest on protein substitutes could not cover: 1) the impact of trade of animal feed and livestock
products, and 2) the debate between the implementation of ‘sustainable intensification’, ‘sustainable
extensification’ and ‘low-input agriculture’. Finally, experts have suggested the challenging issue of
transboundary governance on marine ecosystems; the relevance of the impacts of endocrine disruptors;
and the potential risks of nanotechnology for sustainable development.

ToR 3: List of Candidate Indicators
In order to fulfil ToR 3, more research is necessary. Due to time and technological constraints it was not
possible for SUNY-ESF and WUR to fulfil ToR 3 in its entirety. Instead of devoting energy to completing
ToR 3, both WUR and ESF decided to focus on completing ToR 2 and ToR 1. Consequently, the
preliminary Sustainable Development Goals (SDGs) and related targets were only explored and
summarized briefly in the Science Digests and based on literature studies and expert interviews for ToR
110. The Policy Briefs (ToR 2) are also intended to inform specific Sustainable Development Goals. Table
6 shows which briefs deal with which goals and the connections between the ToRs.

10

With SDGs we refer to the proposed Sustainable Development Goals and Targets in Annex I of An Action Agenda for
Sustainable Development (United Nations Sustainable Development Solutions Network, 2013).
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Table 6. Inter-linkages between ToR 1, ToR 2 and the SDGs

Assessment
IAASTD

Sustainable Development Goal
SDG 6 : Improve Agriculture Systems and
Raise Rural Prosperity

WESS

SDG 7 : Empower Inclusive, Productive and
Resilient Cities
SDG 8 : Curb Human-Induced Climate
Change and Ensure Clean Energy for All
SDG 9 : Secure Ecosystem Services and
Biodiversity, and Ensure Good
Management of Water and Other Natural
Resources

GEA
IPCC
1. MA
2. Census on
Marine Life
GEO

SDG 10 : Transform Governance for
Sustainable Development

Emerging Issue
1. Phosphorus use in China’s
agriculture
2. Large Scale Land Investments
3. Protein Substitutes
Ocean Acidification
1. Marine Microbial Ecology
2. Phosphorus use in China’s
agriculture
3. Biocatalysis
4. Ocean Acidification
E-Waste

The feasibility of the proposed Sustainable Development Goals is complicated by a number of conflicting
stakeholder interests and global market forces. Global action is needed to create lasting change in
sustainable development and implement binding policy solutions.
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Conclusions and Recommendations
This report is the product of an extended period of intensive collaborative work between two studentconsultancy teams based in different countries (USA and The Netherlands). The WUR-ESF collaboration
would not have been possible without the guidance and support from the UN DESA as well as our
professors and contributors from both institutions.
Although the scientific approach, research methods and results of our work have limitations, as
elaborated upon in the discussion, there are conclusions that can be drawn. The sections that follow will
give an overview of the conclusions and recommendations reached from Terms of Reference 2 (ToR 2);
the drafted Policy Briefs which map scientific assessments for sustainable development, and Terms of
Reference 1 (ToR 1); the drafted Science Digests on emerging issues of global concern to sustainability.
The final section briefly reviews the inter-linkages between the ToRs.
It is of the authors' opinion that these reports highlight some of the most pressing issues on
global sustainable development. The SUNY-ESF and WUR teams respectively took charge of ToR 2 and
ToR 1, but the two teams reviewed each other’s output through mutual collaboration.
The findings and recommendations presented in this report intend to provide inputs to the UN
Global Sustainable Report 2014-15. Written for an audience of senior government officials and policy
makers, the authors believe that the materials presented in the report will prove to be informative in the
preparation of the 2014-15 Global Sustainable Report.

Part 1: Policy Briefs (ToR 2)
This report includes Policy Briefs on seven different scientific assessments. The briefs are critical
summaries of the world’s leading scientific assessments on sustainable development. Each incorporates
the perspectives of different stakeholders, extending beyond those of the assessment’s sponsoring
agencies. The briefs also highlight the potential impact of these assessments on future policy. The
following section provides brief summaries of each assessment and their relevance to sustainable
development. Independent scientific assessments, such as those outlined in this document, should be
maintained as an integral part of any future policy-based decision. In the future, additional work in
summarizing the findings of other related scientific assessments on sustainable development should be
encouraged. Doing so strengthens the science-policy interface and improves public access to these
assessments.
Intergovernmental Panel on Climate Change (IPCC)
The IPCC's scientific reports highlight emerging issues on climate change, primarily for the purposes of
assessing scientific knowledge regarding the human impact in climate change. The IPCC report supports
SDG 8: Curb Human-Induced Climate Change and Ensure Clean Energy for All. The IPCC report on
climate change mitigation and adaptation strategies illustrates the impact sustainable development goals
and policies may have on future climate change mitigation.
World Economic Social Survey (WESS)
The WESS assessment highlights the importance of creating sustainable cities as a strategic opportunity
for the socio-economic development. The WESS findings inform SDG 7: Empower Inclusive, Productive
and Resilient Cities. Its findings call for the international community to develop effective policy frameworks
encompassing economic, social development, environmental management and urban governance as four
core pillars of global sustainable development.
International Assessment of Agricultural Knowledge, Science, and Technology for Development
(IAASTD)
The IAASTD is the largest and most-integrated scientific assessment to gain global recognition and
support for community-based sustainable agriculture. The IAASTD’s six-piece assessment and
supplementary reports inform SDG 6: Improve Agriculture Systems and Raise Rural Prosperity. The
IAASTD set out to address: (a) the reduction of hunger and poverty, (b) the improvement of nutrition,
health and rural livelihood, and (c) the facilitation of social and environmental sustainability
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Census on Marine Life
The census produced an inventory of known marine life and developed a baseline for ocean life that can
be used in present and subsequent analysis. The assessment identifies core issues and areas to be
addressed by stakeholders to reach SDG 9: Secure Ecosystem Services and Biodiversity, and Ensure
Good Management of Water and Other Natural Resources. The Synthesis Group compiled and
integrated all the global information on marine life to provide a valuable scientific basis for decisionmaking.
Millennium Ecosystem Assessment (MA)
The MA provided options for the restoration, conservation, and enhancement of sustainably used
ecosystems to address SDG 9: Secure Ecosystem Services and Biodiversity, and Ensure Good
Management of Water and Other Natural Resources. The MA was designed to provide information on the
trade-offs between different mitigation strategies and to demonstrate future scenarios for policy makers.
The assessment also provided a scientific basis for the improvement of ecosystem conservation efforts
and the sustainable use of ecosystem services for human welfare and prosperity.
Global Environmental Outlook (GEO)
The GEO provides the most comprehensive report on the state of the environment. Its scale is unrivalled
by any other environmental assessment available. Interpretation of data from large assessments such as
GEO should be viewed as moderate opinions, by virtue of the size and scale of formal assessments. Its
policy conclusions stress the need to base as much policymaking as possible on scientific assessments.
Its findings support SDG 10: Transform Governance for Sustainable Development.
The Global Energy Assessment Council (GEA)
The GEA was designed to inform the analysis of existing energy systems and our capacity to improve
them by identifying resources, technological opportunities, and policies that facilitate system improvement
and expansion. The recommendations of this assessment, if implemented, can generate multiple socioeconomic, environmental, and health benefits at the national level in the near term and globally in the
long term. This commission aims to address SDG 8: Curb Human-Induced Climate Change and Ensure
Clean Energy for All.

Part 2: Science Digests (ToR 1)
This report has described seven “emerging issues” in the form of seven Science Digests. The digests
were clustered in a way that addresses three goals related to sustainable development, as formulated by
the WUR team: 1) Sustainable Ocean Use (Marine Microbial Ecology and Ocean Acidification), 2)
Sustainable Production and Consumption (E-waste and Biocatalysis), and 3) Food Security and
Sustainable Agriculture (Large-Scale Land Investments and Phosphorus use in China’s agriculture). The
final topic on Protein Substitutes addresses Sustainable Production and Consumption as well as Food
Security and Sustainable Agriculture. While Wageningen University and its students tend to focus on the
planet side of the People-Planet-Profit-axes, the topics for the emerging issues were selected such that
all three aspects of sustainable development are addressed. The following paragraphs will give a brief
overview of the conclusions and recommendations as distilled from each of the seven Science Digests
and, finally, link them to the three broader goals mentioned above.
1) Sustainable Ocean Use
Marine Microbial ecology was identified as a hot topic and in fact, the field is very new. The main
conclusion reached with regards to this emerging issue is that current assessments on marine biodiversity
are not linked and it is important to establish a global biodiversity system that connects microbial species
to their environment, to analyse what they feed on and produce. It is argued that if we know this, we can
use that knowledge for bioreactors that grow these bacteria in the ocean under their natural
circumstances, giving us access to food, energy and biological compounds that we cannot get from a
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laboratory. Therefore, it is recommended that a global assessment and encouragement of bioreactor
research and application is necessary.
It was concluded from the Science Digest on Ocean Acidification that the phenomenon forms a
risk for both marine ecosystem sustainability and, potentially, socio-economic aspects of sustainability.
Right now the impacts of ocean acidification are still fairly unknown because it is a relatively new
phenomenon and scientific research has not yet reached a point things can be stated with certainty. The
fact that ocean acidification is discussed within the climate change debate has both advantages and
disadvantages and, importantly, it should be noted that climate change doesn’t fully address the problems
of ocean acidification. Thus, it is recommended that extended research should be undertaken on the
effects of ocean acidification focusing on interdisciplinary issues of ecological and socio-economic
impacts; and secondly, that focus should be shifted to a reduction of atmospheric CO2 in climate change
agreements instead of overall reduction of Greenhouse Gases; and finally, that a threshold value for CO2
concentration in the ocean should be determined.
The emerging issues of Marine Microbial Ecology and Ocean Acidification fall under the broader
goal of Sustainable Ocean Use. The topics are linked by the novelty of the phenomena and fields of
research and thus the main recommendation of both is that extended scientific research and assessment
of the situation be undertaken in order to contribute to achieving this goal.
2) Sustainable Production and Consumption
E-waste, or electronic waste, is an emerging issue within chemical waste. It is concluded that E-waste is
growing each year and crude and unsafe E-waste processing methods are adopted, which leads to low
resource recovery and to chemical pollution of the water, the soil and the air. This has consequences for
marine life and the health of the local populations, thus making it an issue of global concern. A further
conclusion is that E-waste flows are more complex than initially thought- waste does not solely flow from
‘rich’ countries to ‘poor’ countries. It is recommended that producers take more responsibility for the
lifecycle of electronic goods from the beginning to the end. This means using less toxic substances in
electronics, and taking more responsibility in recycling E-waste.
In the Science Digest on Biocatalysis, it is argued that the issue is an extraordinary candidate to
place on the sustainable development agenda due to the fact that it makes use of sustainable or “green
chemistry”; thus efficiently utilizing raw materials (such as scarce natural resources) and eliminating
waste. Decreasing the reaction time of industrial chemical synthesis processes is of utter importance for
chemical companies in meeting production deadlines in today’s fast-paced world. However, it is
concluded that it is possible to catalyse these reactions in a sustainable manner while still maintaining a
sufficient conversion rate to meet these deadlines. Since several biocatalysts are able to work as quickly
as chemical catalysts, it is recommended that more research and development be carried out in order to
improve the enzymatic reaction rates of other biocatalysts.
The emerging issues of E-waste and Biocatalysis fall under the broader goal of Sustainable
Production and Consumption. The topics address a joint concern regarding the efficient utilization of
resources and minimizing waste in the profit-oriented world of today. Fine-tuning technological
innovations and encouraging further research will help reach this goal.
3) Food Security and Sustainable Agriculture
The way we use land is crucial for global food security, the environment and climate, and this is why the
phenomenon of Large-Scale Land Investments is an emerging issue worthy of consideration. It is
concluded that this is a highly complex and multi-facetted issue with many possible angles and
interpretations. Large-scale land investments could be framed as an opportunity for the target countries, a
means to development and poverty reduction. However it is also known that these large-scale land
investments can cause serious problems, especially for the local population of target areas. Within
assessing the possible benefits and problems generated by large-scale land investments, it is important
to take into account the central role of labour as well as the geographical focus, since the characteristics
of both the regions themselves and the investments that take place within them are variable. It is
recommended that since the public and scientific debate on large-scale land investments has, in the past,
mainly been about Africa; more attention should be given to other regions experiencing the same
phenomenon.
Phosphorus use in China’s agriculture is a highly relevant topic to sustainable development as
China is one of the largest producers and consumers of phosphorus (P) for agricultural purposes in the
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world. Furthermore, agricultural P use efficiency in China is lower than the global average, leading to
losses and associated environmental pollution. It is concluded that understanding the P flows of the
Chinese food chain is crucial to developing innovations and policies that maximize the efficiency of P use
and thus relieve the pressure on dwindling global P reserves. It is recommended that because the
overuse of P fertilizers and the inefficient waste management strategies of the animal production sector in
China are the main source of P losses and pollution; animal husbandry infrastructure and fertilizer use
should be improved. Other recommendations to improve P efficiency in China include researching the
feasibility of new technologies and low cost options for P recycling and recovery and introducing a
collaborative nutrient monitoring and advisory system.
The emerging issues of Large Scale Land Investments and Phosphorus use in China’s
agriculture fall under the broader goal of Food Security and Sustainable Agriculture. The topics are linked
by their complexity and geographical foci as well as their socio-economic and political aspects.
2) Sustainable Production and Consumption/ 3) Food Security and Sustainable Agriculture
The final emerging issue of Protein Substitutes is a multi-facetted topic within the feed and livestock
production sector that addresses both the production- and consumption goal as well as the food security
and sustainable agriculture goal. It is argued that since the demand for animal protein is expected to
double by 2050, intensive agricultural methods and overconsumption are becoming increasingly
unsustainable. It is concluded that an option for mitigation of the negative impacts caused by the feed and
livestock sector is represented by the implementation of protein substitutes in animal and human diets. In
order to make effective use of these technologies, it is recommended to improve legislation and
regulation regarding these products as well as to increase subsidies for research and development.
Finally, it is recommended that special emphasis be laid on increasing the awareness of farmers and
consumers about the impacts that food can have since, without a change in attitude, new technologies
will only be a waste of time, money and resources.

Inter‐Linkages
Having covered a large number of sustainable development assessments and ‘emerging issues’, and
having outlined the specific conclusions and recommendations of the Policy Briefs and Science Digests,
the following associations were deemed the most prominent:


The Science Digest on Microbial Ecology refers to “assessments of marine biodiversity”, which
may imply a reference to the “Census of Marine Life” Policy Brief.



The Science Digest on E-Waste makes reference to GEO-5, and herewith also to the respective
Policy Brief. Both address SDG 10: Transform Governance for Sustainable Development.



The IAASTD, in turn, can be linked to Phosphorus use in China’s agriculture and Large Scale
Land Investments. Addressing these topics would fulfil SDG 6: Improve Agriculture Systems and
Raise Rural Prosperity.

As there are probably many more inter-linkages between the Policy Briefs, Science Digests, SDGs and
possibly other reports, it is important to highlight the potential of inter-linkages and relationships between
the ToRs as “bridge-builders” between the science-policy interface (Figure 5). Indeed, most assessments
and Digests relate to one or more focus areas of the SDGs. As a result, the report concludes that the
linkages within sustainable development topics show a need for an interdisciplinary approach. This
means that combining different scientific domains is important for turning sustainable development targets
into reality.
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Figure 5. Summary of the known linkages between the ToR 1, ToR 2 and the SDGs
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