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Bioenergy research at ORNL-CBES 

  
Enable long-term supply of renewable biomass for clean, 

domestic bioenergy 

• Advance common definitions of 
environmental & socioeconomic costs & 
benefits of bioenergy systems 

• Quantify opportunities, risks, & tradeoffs 
associated with sustainable bioenergy 
production in specific contexts  

• Sustainability assessment requires 
agreements on definitions, criteria, baseline 
& targets & a manageable set of relevant 
indicators 

• Certification ≠ sustainability 



“Sustainability”  
The capacity of an activity to continue while maintaining  
options for future generations and considering environmental, social 
and economic dimensions (trans-generational equity) 

• Context: Priorities vary with place and time (system boundaries) 
• Importing market requires GHG reductions, biodiversity protection 
• Producers want jobs, water quality, economic opportunities  

• Always relative: compared to what?  
Reference case  
scenarios may pre- 
determine outcomes 

• Trade-offs and  
choices are ever  
present 

• Analysis and clear  
communication necessary  
to support informed  
decisions 

Dale 

An overused term 



Definitions 

  

• A standard provides requirements, 
guidelines or characteristics that can be 
used consistently to ensure that products, 
processes and services are fit for purpose. 
 

• Reason:  
o a cause or explanation 
o the power of the mind to think, 

understand, and form judgments by a 
process of logic. 
 

International Standards (ISO): specifications 
for products, services and good practice, 
developed through consensus, and designed 
to reduce trade barriers” 

Over 19,500 International Standards. 
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Food security  
International workshop* set forth key issues 

• Identify synergies – for 
example 

– Flex crops (can be used for food or 
fuel) 

– Infrastructure in rural areas 
supports food & fuel 

– Sustainability is key to both 

• Frame the problem: Ask the 
questions that matter 

• Use clear terminology 
– See workshop report (link below) and 

forthcoming publication in GCB-Bioenergy  

 

 
        http://www.ifpri.org/event/workshop-biofuels-and-food-security-interactions 
 
  * 
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Under-nourished population decreased in percentage 
and real terms as biofuel production expanded (2004-14) 

 

 

 



Under-nourished population decreased as biofuel 
production expanded (2004-14) 

 

 

 



World Hunger 2014:  Most under-nourished people are 
in Asia and Africa (92%) – and in rural areas 

 

 

 

Source: FAO State of Food Insecurity in the World (SOFI) 2014 



  

• 40+ years of food aid, 

global over-production 

• Lack of market incentives 

• Low yields 
• Lack of access to 

financial resources 

• Price volatility 

Sources: World Bank (chart); findings adapted from FAO 
Annual reports on State of Food Insecurity (SOFI) in the World  

1. At global scale, there is 
plenty of land and food 
production; distribution 
and poverty are key.  

2. Local investment in 
agriculture and effective 
social safety nets for the 
poor are essential. 

3. Additional factors 
contributing to food 
insecurity: 

Experiences with food 

insecurity suggest:  



Food for Thought: World Hunger and World Obesity 

 

 

 

Source: WHO Facts on Obesity and Nutrition http://www.who.int/   

WHO: “Overweight and obesity are leading risks for global 
deaths... linked to more deaths worldwide than underweight” 
•  3.4 million adults die each year as a result of being 

overweight or obese  
• 1.5 million children die each year due to malnutrition 
• 43 million children under age five are overweight 
 
The population suffering from hunger worldwide has declined 
to 805 million (FAO 2014) while deaths from diabetes, heart 
disease and cancer (all associated with eating too much of 
wrong foods) are increasing.  
 
In 2008, more than 1.4 billion adults, 20 and older, were 
overweight. At least 500 million adults were obese.  
 
About 165 million children globally are stunted from a vitamin- 
and mineral-poor diet, inadequate child care, effects of disease 
and/or not enough food. 

Food insecure 

Too much food  

 > 1.4 

Billion 

Now < 800 million 

---- 

http://www.who.int/
http://www.who.int/


Resource management   
Biofuel sustainability  
•Increased efficiency & productivity of 
biomass 
•Opportunities & constraints on locations 
for planting & harvesting  
 

Food security   
Resource management 
•Secure, healthy diet is a prerequisite for 
management   
•Incentives for restoration 
•Reduced pressure on marginal lands    

   Biofuel 
sustainability  
 Food security 
•Income enhancement & 
diversification 
•Energy for food 
production, processing, 
& transportation 
•Reduced volatility in 
market prices 
•Enhanced sustainability 
of food crops   

Food security   
Biofuel sustainability 
•Oversupply cushion required for 
food security   
•Healthy workforce underpins 
biomass markets  

Biofuel sustainability   
Resource management 
•Reduced greenhouse gas emissions 
•Attention to land-use planning & biodiversity 
•Incentives for restoration  

Resource 
management   
Food security 
•Good management 
underpins food security 
•Increased efficiency 
& productivity of food 
•Place-based 
opportunities & 
constraints 

Nexus 
•Good governance 
•Infrastructure  

& technology 
•Integrated crop  

management 
•Ecosystem services 

•Social services 
•Extreme events 

Kline et al. forthcoming in GCB-Bioenergy 



Moving from traditional to modern bioenergy  

(prepared by Souza for: Kline KL, Msangi S, Dale VH, Woods J, Souza G, Osseweijer P, Clancy J,Hilbert J, Mugera H, McDonnell P,  
Johnson F (accepted) Reconciling biofuels and food security: priorities for action. GCB-bioenergy (forthcoming)  



•Better management of renewable resources 
–Reducing wastes and inefficiencies  

–Existing infrastructure, know-how and technologies 

–Retaining land in agriculture or forest 

• Improving environmental conditions  
–Soils & water  

–Biodiversity 

–Carbon and GHG 

•Enhancing food & energy security 
–Conserving fossil energy resources 

–Reducing risk of catastrophes 

• Increasing rates and stability of employment 

Opportunities Bioenergy Offers to more 
Sustainable Food-Energy-Resource 

Management Systems 

Dale and Kline (in review) 
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ISO 13065, Contents (Outline excerpts) 

1. Scope 

2. Normative references 

3. Terms and definitions 

4. General requirements and recomendations... 

 4.2   Scope of assessment 

 4.4   Stakeholder involvement 

 4.5   Relevance and significance 

 4.8   Science-based approach 

 4.12 Direct and indirect effects 

5. Principles, criteria and indicators  
    (social, economic and environmental) 

6. Greenhouse gas methodologies,  
     assessments and comparisons 

Annexes   

Case study proposed to 
support IEA T-43 and 
Inter-Task Project. 
 
Costs, benefits, 
recommendations for 
future 

 Published September 2015 and accessible on ISO website 
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“No” because –    

1. Nothing can ensure sustainability. 

2. There are many opportunities for 
substitution in biomass markets  

3. Transaction costs for certification, 
monitoring and verification are high 
relative to the value of the product 
(biomass)  

4. There is no evidence of sustained 
political will and necessary “market 
premiums” 

5. Even well-designed schemes can be 
“gamed,” and a few well-publicized 
cases undermine credibility.  

IEA Bioenergy Joint Task Meeting Question:  
“Can certification ensure sustainability?” 
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IEA Joint Bioenergy Tasks Question (modified):  
“Can certification facilitate sustainability?” 

 

“Yes, it can help if”  it –    

1. Is developed with and adopted by 
users as a cost-effective tool that 
meets their needs 

2. Provides tools and feedback that 
guide production toward more 
sustainable and profitable paths 
(from users’ perspectives) 

3. Is designed to adapt to changing 
contexts and priorities  

4. Is inclusive and implemented on a 
“level playing field” (new entries 
need political will, financial 
incentives)  



Framework to Support More Sustainable Outcomes 

Dale, Efroymson, Kline, Davitt (2015) A framework for selecting indicators of bioenergy sustainability. Biofuels, Bioproducts & Biorefining 9(4):435-416 

Determine selection  
Criteria, list options 

Identify & rank  
options that meet criteria 

Identify & assess likely tradeoffs   

Information as 
determined by  
• Available data 
• Resources needed  
to collect & assemble  
required data 

 Determine  
whether objectives 

are being 
achieved 

No 

 
Assess lessons 

learned & identify 
good practices 

 

Yes 

Identify, consult, engage all 
stakeholders (including critics) 

Define 
problem 

Define context 
and specific goal  

Determine sub-objectives, timeline   

 Identify gaps in ability 
to address goals & 

objectives  

Determine 
baselines & targets 

Compare to goals 
and values for 

indicators 

Conduct assessment  

Monitoring 
and feedback 

support 
continual 

improvement 

Training and tech 
resources support 
data collection, 

portfolio of options, 
assessments 
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Standard Practice Guide 
Assessing Relative Sustainability 
 
ASTM International Committee E-48: 
Assessing Sustainability involving  
energy and chemicals from biomass. 
Work Item # WK27810 
DRAFT  

Transparency 

Stakeholder Engagement 

Timely Communications 

Equivalent Treatment 

1   
Define 

purpose and 
 options 

2 
Document 

context and 
define scope 

of assessment 

3 
Select, 

prioritize 
and apply 
indicators 

4 
Analyze and 
communicate 
results (costs, 

benefits, trade-offs) 
to support  
decisions 

5 
Document 
results and 

monitor future 
performance 

6 
Evaluate to 

support 
continual 

improvements 
(in process and 

outcomes) 
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ASTM Standard Practice for Assessing Relative 
Sustainability 

Reason for proposed standard 

• Need for clear guidance about fundamental processes and 
practices that are necessary to assure that assessments:  

– are relevant to local needs and priorities;  

– provide the information necessary to support continual improvement;  

– rely on relevant, replicable, measurable and verifiable indicators: and  

– support fair comparisons and informed choices.  

• Most sustainability certification schemes divide products into two 
segments: those which qualify (meet certification thresholds) 
and all others that do not. Such approaches can involve 
significant costs and requirements to determine whether criteria 
are met but... 
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Standard Practice Assessing Relative 
Sustainability 

Principles:  

1. Sustainability is always a relative proposition involving 
choices between options or development trajectories;  

2. An option can be determined to be favorable compared to 
another when both options are assessed using appropriate 
criteria and indicators;  

3. The selection of criteria and indicators is not pre-
determined but depends on local context, stakeholders 
and project goals; and  

4. Sustainability involves a transparent and iterative process 
of problem definition, stakeholder engagement, goal-
setting, monitoring, adjustment, and reassessment to 
promote continual improvement. 
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Science-based analysis 
Science: systematic methodology based on evidence 
and observation 
 Start with clear  

definition of problem 
 Test hypotheses  
 Conduct critical  

analysis  
 Determine cause  

and effect  
 Document verifiable,  

replicable results 
 Learn from other  

sectors (epidemiology) 

Challenges: 
• Confounding data and 

terminology  
 Land cover versus  

land uses (multiple) 
 Crop price and trade 

versus total  production 
and management 

 Correlation versus 
causation  

• Science evolves as new data 
and understanding become 
available 

• Targeted data collection… 
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Causal 
Analysis 
(Efroymson et al.  
submitted) 
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Bioenergy policy – effects include encouraging 
“beneficial LUCs” 

 Motivation to adopt improved land management 
practices and invest in improved technologies 

 Value chain incentives for increased system 
efficiencies (total factor productivity) 

 Create employment that reduces pressure on isolated 
forest frontiers (reduced deforestation) 

 Biomass valued: reduces loss from fires, disturbances 

 Accelerate ongoing shifts to higher performing land 
and systems 

 Increased global scrutiny of illicit land-mgmt activities 

 Pressure to apply sustainability criteria and other 
effects that extend to broader sectors 

 



Conclusions – we have no shortage of biomass 

We need to 

• Learn from experiences 

• Build partnerships 

• Develop and apply a suite of metrics that 

  reflect local stakeholder priorities for “sustainability”   

Different places, contexts, needs and goals require 
distinct solutions. 

Source:  Kline  training seminar for Advanced School on Present and Future of BioEnergy; ESPCA –  
FAPESP – University of Campinas, 10-17 October, 2014. Campinas, SP Brazil. 



Thank you 

See CBES website for 
 Reports  
 Forums on current topics 
 Recent publications 

Center for Bioenergy Sustainability 
http://www.ornl.gov/sci/ees/cbes/ 
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who is responsible for any errors or omissions.  

Acknowledgements: Virginia Dale, 
Matt Langholtz, Laurence Eaton, 
Maggie Davis, Tom Wilbanks and 
other colleagues at ORNL. Papers 
cited and in  preparation 
supported by: US Department of 
Energy Bioenergy Technologies 
Office (BETO), the US National 
Science Foundation (NSF) PIRE for 
Environmental and Social 
Sustainability Assessment of 
Bioenergy in Pan America and 
ORNL. Thanks also to Kristen 
Johnson, Allison Goss-Eng, Alicia 
Lindauer, and many more at DOE 

http://www.ornl.gov/sci/ees/cbes/


26 Managed by UT-Battelle 
 for the U.S. Department of Energy 

References 
• Dale VH and Kline KL. In review. Opportunities, barriers, and paths forward for sustainable use of bioenergy. Ecology and Society. 
• Dale VH et al. 2013. Indicators for assessing socioeconomic sustainability of bioenergy systems: A short list of practical measures. 

Ecological Indicators 26: 87-102.  http://dx.doi.org/10.1016/j.ecolind.2012.10.014 
• Dale et al. 2016. Incorporating bioenergy into sustainable landscape designs. Renewable & Sustainable Energy Reviews 56:1158-

1171.  http://authors.elsevier.com/sd/article/S1364032115014215 
• Efroymson RA et al. 2013. Environmental indicators of biofuel sustainability:  What about context?  Environmental Management 

51(2): 291-306. DOI 10.1007/s00267-012-9907-5 
• FAO (2015a) Hunger Map 2015. FAO Statistics Division, Rome, Italy. Available at:   http://www.fao.org/hunger/en/ Last Accessed 

10/6/15. 
• FAO (2015b) Forty-second Session Report (Draft), Committee on World Food Security, Rome, Italy, 12-15 October 2015. Global 

Strategic Framework for Food Security & Nutrition (GSF) Fourth Version – 2015. Available at: http://www.fao.org/3/a-mo187e.pdf 
Last Accessed 10/10/2015. 

• FAO, IFAD, WFP (2013) The State of Food Insecurity in the World 2013 -The multiple dimensions of food security. FAO, Rome.  
• FAO, IFAD, WFP (2014) The State of Food Insecurity in the World 2014. Strengthening the enabling environment for food security 

and nutrition. FAO Rome.  
• FAO, IFAD, WFP (2015a) The state of food insecurity in the world 2015: Meeting the 2015 international hunger targets: taking stock 

of uneven progress. FAO, Rome, Italy 
• Kline KL, Dale VH (2008) Biofuels, causes of land-use change, and the role of fire in greenhouse gas emissions. Science, 321, 199. 
• Kline KL, Dale VH, Lee R, Leiby P (2009) In Defense of Biofuels, Done Right. Issues in Science and Technology, 25(3), 75-84 
• Kline KL, Oladosu GA, Dale VH, McBride AC (2011) Scientific analysis is essential to assess biofuel policy effects. Biomass and 

Bioenergy, 35, 4488-4491 
• Kline  KL et al. In Review. Reconciling biofuels and food security: priorities for action. Global Change Biology Bioenergy. 
• Kline KL, 2014. Seminar for Advanced School on Present and Future of BioEnergy; ESPCA–FAPESP–University of Campinas, 10-

17 October, 2014. Campinas, SP Brazil.   
• Kline KL, Msangi S, Dale VH, Woods J, Souza G, Osseweijer P, Clancy J,Hilbert J, Mugera H, McDonnell P,  

Johnson F (accepted) Reconciling biofuels and food security: priorities for action. GCB-bioenergy (forthcoming 
• McBride A et al. 2011. Indicators to support environmental sustainability of bioenergy systems. Ecological Indicators 11(5) 1277-

1289. 
• Parish ES et al.  2012. Multimetric spatial optimization of switchgrass plantings across a watershed. Biofuels, Bioprod. Bioref. 

6(1):58-72. DOI: 10.1002/bbb.342 
• Parish ES, Kline KL, Dale VH, Efroymson RA, McBride AC, Johnson TL, Hilliard MR, Bielicki JM.  (2013) Comparing Scales of 

Environmental Effects from Gasoline and Ethanol Production. Environmental Management  51(2):307-338 

http://dx.doi.org/10.1016/j.ecolind.2012.10.014
http://dx.doi.org/10.1016/j.ecolind.2012.10.014
http://authors.elsevier.com/sd/article/S1364032115014215
http://authors.elsevier.com/sd/article/S1364032115014215
http://www.fao.org/3/a-mo187e.pdf Last Accessed 10/10/2015
http://www.fao.org/3/a-mo187e.pdf Last Accessed 10/10/2015
http://www.fao.org/3/a-mo187e.pdf Last Accessed 10/10/2015
http://www.fao.org/3/a-mo187e.pdf Last Accessed 10/10/2015


1. Definitions:  begin with clarifying what is meant by the L, U and C of LUC  

2. Representation of policy in model specifications 

3. Conceptual framework for: 

a) Drivers of initial conversion 

b) Constraints, limiting factors (land, labor, market demand) 

4. Land supply, productivity and management specifications 

5. Economic decision-making assumptions  

6. Assumed and modeled change dynamics  

a) Baseline choice 

b) Reference scenario(s) 

c) Fire and other major disturbance regimes (anthropogenic, natural) 

7. Modeling yield, efficiency, and technology changes in response to…  

8. Issues of time, scale (analytical boundaries) 

9. Discerning correlation, contribution (rate change), causation 

10.  Many, many data issues  

Conclusion: take care in discussing land use, land cover, and change.  
  Source: Kline for IEA Bioenergy Inter-task meetings on LUC, Sept. 2011; Campinas, Brazil 

Issues in estimating LUC – Update: 
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Sustainable bioeconomy contributes to SDGs related to: food security and nutrition 
(Goal 2), healthy lives (Goal 3), water and sanitation (Goal 6), affordable and clean 
energy (Goal 7), sustainable consumption and production (Goal 12), climate change 
(Goal 13), oceans, seas and marine resources (Goal 14), and terrestrial eco-systems, 
forests, desertification, land degradation, and biodiversity  (Goal 15) 

http://sd.iisd.org/news/iaeg-sdgs-sets-workplan-for-finalizing-indicators/ 

>160 indicators 
some based on collected UN stats 
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Thoughts for discussion 
• Many studies of global biomass potential 

begin with assumed limitations of land. 
Is land really the constraint to biomass 
production?   
– Social, political, economic/market issues 

– Institutions, governance, water… 

• Needed: Incentives for improved 
soil/water (resource) management  
– Increase carbon and nutrient retention 

– And capacity to store carbon  

• On the sustainability radar: 
– Integrated land-use plans and production 

systems (ILUP) 

– Urban food-energy systems for nutrient, 
water and energy recycling 

Source:  Kline presentation to “Pathways to Climate Solutions: Assessing Energy Technology and Policy Innovation” 
Workshop organized by the Aspen Global Change Institute; 24-28 February, 2014. Aspen CO. 


