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The bioeconomy

Bioeconomy “encompasses

the production of renewable biological resources and

the conversion of these resources and waste streams

into value-added products, such as food, feed, bio-

based products and bioenergy"

It includes the sectors of agriculture, forestry,

fisheries, food, pulp and paper, as well as parts of

chemical, biotechnological and energy industries.

EU Bioeconomy Communication COM(2012)60 and the recently released new strategy
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Bioeconomy policies around the World
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Bioeconomy in the EU

2014 data, from EC- JRC (2017) Bioeconomy Report 2016, EUR 28468

• 36% of biomass produced 
in EU is used for bio-
based material and 
bioenergy

• Most important sectors 
(with turnover increase 
between 2008 and 2014): 
o liquid biofuels 

(+25% turnover),
o bio-based chemicals, 

pharmaceuticals, 
plastics and rubber 
(+22%),

o forestry sector (+ 
21%)

• Several options for the 
valorisation of bio-based 
and by-products/waste, 
still little exploited 
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The EU political framework 

2009                  2012                           2015                2017 - 2018

Waste 
Framework
Directive 
(WFD)

Introduced 
the waste 
hierarchy 

and the use of 
LCA to select 

the most 
preferable 
option for 

waste 
management 

Bioeconomy 
strategy

Referred to 
the 

conversion of 
bio-resources 
and waste
into value-

added 
products.

Promoted the 
use of LCA

Bioeconomy 
strategy 
update 

(adopted in October 
2018)

Assesses the 
contribution of 
bioeconomy to 

circular economy 

Circular economy package
Calls to assess the contribution of 
bioeconomy to circular economy 

Proposal for 
amendment 
of the WFD 

Circular 
economy 

action plan

EU strategy 
for plastics 
in a circular 

economy 

‘....the bioeconomy strategy supports the development of an agreed methodology for 
the calculation of environmental footprints, e.g. using life cycle assessments (LCAs)’
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Bioeconomy Knowledge Centre            
dealing with the information overload
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Bioeconomy Knowledge Centre 

Creating, managing and making sense of collective 

scientific knowledge for better EU policies

• BKC Website (statistics, reports, 
factsheet and news publications)

• Data collection at geographical 
level 

• Environmental sustainability 
factsheets based on LCA

• Study of the EU bio-based 
industry 

• Visualisation of the bioeconomy
(e.g. Sankey diagrams of 
biomass flows)

• Inclusive biomass estimates

•

• Macroeconomic modelling of the 
bioeconomy

https://biobs.jrc.ec.europa.eu/
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The JRC Biomass Assessment study 

Supply chains end products & demands

Current EU and global biomass supply chains of primary and 
secondary products; biomass flows, environmental impacts and 

sustainability assessments. EU and global demands of biomass 
end products; trends, competitions and synergies among sectors and 

uses

Modelling and future prospects

Set up and implementation of the modelling framework for the 
prospective analysis of future biomass supply and demand and their 

respective impacts with short term (2020) and medium term (2030) 
perspectives

Land Use Model

Forest resource 

model

Agriculture supply

and market model

Forest trade model

Energy model

Wood products Bioenergy Agricultural products

Harvestable
wood

Industrial
roundwood

Harvest
demand

(Land-based sectors)

Social and economic dimensions to be addressed

Supply chains pathways 

def init ion

Mass – Energy –

Emissions Flows
Inventory account ing

Environmental 

impact assessment

indicators for each 

scenario

Methodology for 

environmental (and economic) 

impact assessment

Advanced life cycle 

assessment

Input values

Pathways 

def init ion

Life cycle Impact

Assessment (LCIA)

Emission 

factors

Background 

processes

Environmental impact 

assessment

Database of LCIAresults

Environmental impacts

https://biobs.jrc.ec.europa.eu/page/biomass-assessment-study-jrc

https://biobs.jrc.ec.europa.eu/page/biomass-assessment-study-jrc
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The LCA group activities at the JRC 
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Which are the sustainability challenges posed by 
natural biotic resources to be assessed with LCA?

LCIALCI

ECOLOGY 
and LCABIOECONOMY NEXUS

Assessment

of

ECOINN
OVATIO

NS

SDGs

• Crucial role in local and global 
supply chains; used in many 
sectors (e.g. food, 
pharmaceutical, furniture, etc.)

• Severe biodiversity loss 
associated to overexploitation of 
resources

• Several methodologies have been 
developed to take into account 
the environmental, social and 
economic relevance of natural 
biotic resources 
in a context of resource depletion

• Current LCA frameworks miss a 
specific focus on natural biotic 
resources, from both inventory 
and impact assessment side. 
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Open challenges

Level 1 – Target species

Level 2 – Impact categories

Level 3 – Interplays between impacts

• Make biotic resources relevant in LCA

• Improving the current impact assessment of biotic resource in LCA, starting from improving the modelling at 

midpoint level.

• Integrating ecologically relevant features about three main building blocks, to support the evaluation of 

supply chains towards sustainability:

Insect Pollinators

Biotic 

Resources

Nexus approach

Land 

use
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Making biotic resource count 

in LCA 

Collection of data at global scale on natural occurring

biotic resources used for commercial pourposes

Crenna E., Sozzo S., Sala S. (2018) Natural biotic resources in LCA: Towards an impact assessment model for 
sustainable supply chain management. Journal of Cleaner Production, 172:3669-3684
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Boundaries between ecosphere and technosphere

Essential "production factors" coming

from nature that we are not accounting for

Crenna E., Sozzo S., Sala S. (2018) Natural biotic resources in LCA: Towards an impact assessment model for 
sustainable supply chain management. Journal of Cleaner Production, 172:3669-3684

Focus on naturally occurring biotic 
resources, i.e. 

resources commercially valuable proceeding 
from biological sources that are caught or 

harvested from ecosphere as input material for 
human purposes

Soils 
Pollinators

Provision 
from nature
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Ecotoxicity freshwater/marine Ecotoxicity   freshwater/marine

terrestrial terrestrial 

Acidification terrestrial Acidification terrestrial 

aquatic aquatic

Eutrophication: freshwater Eutrophication freshwater

marine marine

terrestrial terrestrial
Land use Land use

Resource depletion: Resource depletion:

water water 

mineral/fossil mineral/fossil

renewable (incl. biotic resources) renewable (incl. biotic resources)

PM/respiratory inorganics PM/respiratory inorganics

Photochemical ozone formation Photochemical ozone formation

human health/ecosystem

Ionising radiation Ionising radiation

human health/ecosystems human health/ecosystems

Human toxicity Human toxicity

cancer/non-cancer cancer/non-cancer

Ozone depletion Ozone depletion 

human health/ ecosystem

Climate change Climate change

human health/ecosystems

E
le

m
e
n
ta

ry
 f

lo
w

s

MIDPOINT ENDPOINT                                      Areas of Protection
Environmental cause-effect chain 

Natural resources

Ecosystem quality

Human health

LCIA framework

ILCD 2011

Environmental 

Footprint LCIA 

method: updates for 

land use, water use, 

PM, resources, 

toxicity

Developments 

ongoing to better 

address ecosystem 

services in LCA

Recommended 

model

Interim

model

No mature model 

available yet 



19

Improvements needed in the impact assessment

• Addressing biotic resource in impact assessment

• Improving land use impact assessment

• Improving impact assessment for terrestrial organism (e.g. 

pollinators) 

• Improving climate metrics, e.g. for modelling carbon stock and 

its dynamic

• Improving modelling of ecosystem services, especially those 

critical to biotic resource provision
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Rethinking impact assessment pathways

Crenna E., Sozzo S., Sala S. (2018) Natural biotic resources in LCA: Towards an impact assessment model for sustainable supply chain 
management. Journal of Cleaner Production, 172:3669-3684
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Renewability rate of natural biotic resource

Crenna E., Sozzo S., Sala S. (2018) Natural biotic resources in LCA: Towards an impact assessment model for sustainable supply chain 
management. Journal of Cleaner Production, 172:3669-3684



22

Vulnerability of species  

e.g. red list IUCN
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Land use: improving impact assessment

Current methods 

are covering 

different impact 

pathways

Vidal Legaz B, De Souza D M, Teixeira R, Anton A, Putman B, 
Sala S, (2017). Soil quality, properties, and functions in Life 
Cycle Assessment: an evaluation of models Journal of 
Cleaner Production, 140 (2): 502-515
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Land use: Environmental Footprint LCIA method

De Laurentiis V., Secchi M., Bos U., Horn R., Laurent A., Sala S. (2018) Soil quality index: 
exploring options for a comprehensive assessment of land use impacts in LCA. Journal 
of Cleaner Production

4 indicators from LANCA model

• Biotic production

• Erosion resistence

• Groundwater replenishment

• Mechanical filtration

Soil 
quality 
index
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Dissipation of resource

Abiotic  and biotic 

resource are part of 

biogeochemical 

cycles, so from a 

thermodynamic point of 

view there is, in 

principle, no 

dissipation.

However, when an 

element or a material is 

in a certain form 

(quality) and provides a 

certain function, 

loosing the function 

may represent a 

dissipation.

Material 
level 

Compound 
level 

Element level 

Zampori L, Sala S, Feasibility study to implement resource dissipation in LCA, EUR 28994 EN, 
Publications Office of the European Union, Luxembourg, 2017, ISBN 978-92-79-77238-2
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Land occupation 
and transformation

Ecotoxicity 
(e.g. use of pesticides)

Invasive 
alien plants

Invasive 
alien pollinators
and predators

GMO cropsElectro-magnetic
pollution

Pests and
diseases

Climate 
change

Impacts on insect pollinators

Crenna E, Polce C, Sala S., Collina E (2017) Pollinators in Life Cycle Assessment: towards a

framework for impact assessment. Journal of Cleaner Production, 140(2):525-536



27

Pollinator behavioral changes

Increase in pollinator 
vulnerability to other stressors

Insect pollinators in the current LCIA framework

Crenna E, Polce C, Sala S., Collina E (2017) Pollinators in Life Cycle Assessment: towards a

framework for impact assessment. Journal of Cleaner Production, 140(2):525-536



28

Towards a characterization framework for ecotoxicity

I. defining the main exposure pathways for 
pollinators potentially exposed to pesticides

II. developing an exposure model to pesticides for 
pollinators

Development of a characterization framework for ecotoxicological impacts 

of pesticides, to be implemented in e.g. USEtox:

Honeybees chosen as target species

Crenna et. al (in preparation) Characterizing exposure and ecotoxicity of insect pollinators to pesticides in life cycle 
impact assessment
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Assessing nexus with LCA: 

food, feed, energy, land, materials, water

Ensuring the 

sustainability of  

bioeconomy requires the 

assessment of nexus 

between food, energy, 

water, and land.

Karabulut A.A., Crenna E., Sala S., Udias Moinelo A. (2018) A proposal for the integration of the Ecosystem-Water-Food-Land-
Energy (EWFLE) nexus concept into the life cycle assessment: A Synthesis Matrix for food security. Journal of Cleaner 
Production, 172: 3874-3889 
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Assessing complexity of 

interactions between 

different human uses and 

ecosystem services to find 

positive and negative 

relationships 

Karabulut A.A., Crenna E., Sala S., Udias Moinelo A. (2018) A proposal for the 
integration of the Ecosystem-Water-Food-Land-Energy (EWFLE) nexus concept 
into the life cycle assessment: A Synthesis Matrix for food security. Journal of 
Cleaner Production, 172: 3874-3889 
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Nexus, rebound effects, and dynamic considerations

Karabulut A.A., Crenna E., Sala S., Udias Moinelo A. (2018) A proposal for the integration of the Ecosystem-Water-Food-Land-Energy (EWFLE) nexus 
concept into the life cycle assessment: A Synthesis Matrix for food security. Journal of Cleaner Production, 172: 3874-3889 
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Bioeconomy and SGDs
A sustainable bioeconomy may contribute to achieve 

several SDGs and to win-wins solutions among them

Sala S. (2018) Life Cycle Analysis. In: Walter Leal Filho (Ed). Encyclopedia of the UN Sustainable Development Goals, 
Springer, ISSN: 2523-7403 

Bioeconomy offers opportunity to address 
inter-connected societal challenges such 
as: 

• food security,

• natural resource scarcity, 

• fossil resource dependence,

• climate change,

while aiming at  achieving sustainable 
economic growth
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TESTING BIO-BASED ALTERNATIVES

• At micro scale: e.g. from lab to industrial system need of prospective LCA, 

direct and proxy inventory data of chemical and biochemical pathways 

• At macro scale: systemic changes, rebound effects  need of integration of 

more consequential thinking in both LCI and LCIA

Vivanco D., Sala S., McDowall W., (2018) Roadmap to rebound: how to address rebound effects from resource 

efficiency policy, Sustainability 2018, 10
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Conclusion

LCA is fundamental for the sustainability assessment of natural 

biotic resources, including for bioeconomy and circular 

economy.

Several open challenges should be tackled:

• at the inventory

• at the impact assessment, including ecosystem services and nexus

• improving the modelling of circular systems

• addressing esplicitly SDGs and the interplay among them

• improving the assessment of ecoinnovations at low Technological 

Readiness Level

• clear guidance to LCA results intepretation when comparing bio-

based and fossil/mineral-based products
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SPECIAL VOLUME ON LCA INTEPRETATION

Special volume on LCA interpretation 
has been lanched in the International 

Journal of LCA
Interpretation of LCA Studies for Decision

Support: State of the Art and Way Forward

Deadline for sending papers: 15th of 
December 2018!

Guest editors: Sala S., Laurent A., Vieira 
M., Van Hoof G.
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Thanks
Questions?

serenella.sala@ec.europa.eu


