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Introduction PhD Project Method Challenges Outlook

Background & Motivation

ENERGY SAVING & TRANSITION

Rapid growth of economical, 
environmental and social 

sustainability principles, strategies, 
actions and tools

Lack of clarity 
Need to draw interconnections 

Need for role models

?

Many companies are willing 
to green their energy system 
and integrate sustainability

Climate change
Growing Energy Demand

Energy Security
…



3February 2, 2009 confidential – © 2008, VITO NV – all rights reserved

Introduction PhD Project Method Challenges Outlook

Research Questions

What is sustainability assessment?
Is there a practical definition?
How to apply sustainability concepts?
Is there a process to follow?
What strategies, actions and tools are suggested?
How do these approaches differ or interrelate? 
Which sustainability criteria should be used?
What is obliged by European, national or regional legislation?
Can different scenarios or products be compared?
…

?Definition?
What to do?
How to do?
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Introduction PhD Project Method Challenges Outlook

Struggling with Sustainability
• Brundtland definition = vague, not concrete

• Inherently dynamic, indefinite and contested concept

• Sustainable development = unending process of learning and adaptation

More practical definitions in industry/commerce:
“A sustainable product or process is one that constrains resource consumption and waste generation to an 
acceptable level, makes a positive contribution to the satisfaction of human needs, and provides enduring 

economic value to the business enterprise.” (Bakshi et al., 2003)

Systematic and science-based approach
Extended
Widespread
Generally accepted

High level of sustainability consensus by using a

Economic
Social
Environmental
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Introduction PhD Project Method Challenges Outlook

Building a Decision Support System
= synergy between scientists & business decision makers

What does a company 
want to reach?

Business goals
Sustainability objectives

To provide advice for policy and planning decisions regarding 
sustainable use of biomass for energy, based on economical, 
environmental and social sustainability principles, and adapted 
to the particular company context.

Selection of sustainability 
principles & criteria

SUSTAINABILITY 
FRAMEWORK

Selection of possible 
bioenergy scenarios

INPUT
Assessment of impacts

Comparison of various 
scenarios

Compliance with law

Recommendations

INTERFACE

OUTPUT

Apply/combine 
appropriate 

metrics & tools

PROCESS
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Introduction PhD Project Method Challenges Outlook

Project Goals

• Collect and organize information on sustainability of the whole biomass to energy 
chain using a set of sustainability-related criteria & characteristics

• Selection and comparison of existing assessment tools: how do these tools relate 
to sustainability and to each other? → analytical map

• Identify gaps in the existing set of tools and approaches

• Explore the possibility (and utility) of developing a meta-level approach to 
assessing the sustainability of bioenergy systems

Processing chain:

raw collect pre-treat store convert energy energy

Bridge the gap between principles of sustainability on a global scale and 
sustainable actions on a local scale.
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Introduction PhD Project Method Challenges Outlook

Systematic Approach
Steps towards a DSS:
• Comparison of existing instruments
• Integration of tool aspects into DSS 
concept
• Data collection
• Allocation of weight scores
• Uncertainty analysis
• System integration

Criteria &
Indicators

Life Cycle
Analysis

Environmental 
Impact Assess.

Cost Benefit
Analysis

Markal System Per-
turbation An.

Existing Assessment Tools

Tool
Properties

Sustainability
criteria

R
a
n
k S

c
o
r
e
s

Delphi Panel of experts

Decision Support System

Sustainability
criteria Models

Quant.

Qual.

Results

?

DECISION
MAKING

WEIGHT
SCORES

UNCERTAINTY ANALYSIS

Towards an 
integrated 

Sustainability 
Assessment 

Tool

Criteria &
Indicators

Life Cycle
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Environmental 
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Towards an 
integrated 

Sustainability 
Assessment 

Tool

Life Cycle
Analysis

Environmental 
Impact Assess.

Cost Benefit
Analysis

Markal System Per-
turbation An.

Existing Assessment Tools

Tool
Properties

Sustainability
criteria

R
a
n
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Delphi Panel of experts

Decision Support System

Sustainability
criteria Models

Quant.

Qual.

Results

?

DECISION
MAKING

WEIGHT
SCORES

UNCERTAINTY ANALYSIS

Towards an 
integrated 

Sustainability 
Assessment 

Tool

USER INTERFACE

Inventory of sustainability tools and data in the form of a DSS to 
make the information useful for non-experts
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1. Selection of sustainability principles, criteria & indicators (metrics)

Introduction PhD Project Method Challenges Outlook

Systematic Approach

• Environment
• Energy & transport
• Materials & resources
• Social well-being
• Micro-economic prosperity
• Macro-economic prosperity
• Policy and legislation

Themes:

Sources: • Standards, labels & certification systems (ILO, Green Gold, FSC, RSPO, …)
• EU initiatives & legislation (Cramer, UK, EU directive, …)
• Existing assessment methods
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2. Comparison of existing instruments

Introduction PhD Project Method Challenges Outlook

Systematic Approach

Reference points: • sustainability principles addressed
• tool attributes (transparency, flexibility, simplicity, …) 
• which part of production chain assessed
• use of weight scores

Selected methods: • Criteria & Indicators
• Life Cycle Assessment
• Environmental Risk Assessment
• Cost Benefit Analysis
• Markal
• System Perturbation Analysis
• Exergy Analysis (Extended Exergy Analysis)
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3. Data collection

Introduction PhD Project Method Challenges Outlook

Systematic Approach

Start scenario: • Pure plant oil < palm, soybean, jatropha & rapeseed
• CHP
• Situation for Flanders, Belgium

= pilot phase to reveal the tool’s strengths, weaknesses and inherent limitations
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Introduction PhD Project Method Challenges Outlook

Some issues under debate

• Lack of data, principally on social criteria

• Reliability / uncertainty / availability of data

• Site dependence / spatial variation

• Indirect / rebound effects

• Cumulative effects

• Time horizon

• Tools are human creations and therefore not perfect, indisputable and 
free of subjectivity 

→ always keep the broader sustainability context in mind
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Introduction PhD Project Method Challenges Outlook

Progress & further research

• Continual adaptation and expansion
→ Technology watch
→ Follow-up of sustainability assessment methods

& data

• Report progress
→ First publication in progress
→ Final PhD dissemination: November 2011

• Elaboration of a spatial DSS to tackle problems of site 
dependence and spatial variation by extending the DSS with 
a GIS overlay of spatial data.

• …
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Thank you for your kind attention

Contact:
Veerle Buytaert: veerle.buytaert@vito.be

Luc Pelkmans: luc.pelkmans@vito.be
Bart Muys: bart.muys@ees.kuleuven.be

VITO Transition Energy & Environment
Website: http://www.vito.be

K.U.Leuven Forest Ecology and Management Research Group
Website: http://tinyurl.com/forecoman


