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• SEI founded in 1989 from predecessor: Beijer Institute
• Based on 1972 UN Conference on the Human Environment 

(came to be known as the Stockholm Conference).
• Mission: support decision-making and induce change towards 

sustainable development

Stockholm Environment Institute

www.sei.org

http://www.sei-international.org/


Biofuels/Transport and Sustainability: 

smooth driving or a road that is full of 
disruptions and innovations?

Let’s consider a few historical examples….



The advent of the horseless carriage! -
Game-changing or disruptive innovation 

Easter Morning, 1900,
5th Avenue, New York City
Can you see an automobile?

Easter Morning, 1913,
5th Avenue, New York City

Can you see a horse?

Importance of mobility in a fast-moving economy



Compare to avg fuel consumption, EU today~5 l/100km
Slow Progress on Fuel economy! - has been poorly 
valued compared to power, comfort, convenience



Now we must value climate stabilisation and 
resilience: so what alternative pathways for land 
use, biofuels/bioenergy and development?



109 tons (Pg) C per year.      Yellow: natural fluxes.     Red: human contributions.     White: Stored. 
http://earthobservatory.nasa.gov/Features/CarbonCycle/

?Biofuels?

The Carbon Cycle (source: NASA)



The IPCC 1.5 report identified co-benefits (or 
synergies) and trade-offs between 1.5C pathways 
and specific indicators across different SDGs; note 

that food security and biodiversity are in RED



IPCC Land report showed that different scenarios lead to 
different changes in land use to reach goals, with bioenergy 
requirements increasing as sustainability overall decreases



Criteria for different response options in relation to 
key indicators for climate stabilisation, resilience, 

sustainable land use and development aims

Positive effect (qualitative analysis)
Positive eller negative effect (qualitative analysis)



Bioenergy/BECCS and Reforestation

Figure SPM 3.b, IPCC SRCCL, 2019



Source: Bailis, 2015 (Figure shows “hot spots” of non-renewable woody biomass use)

GHG emissions from land use impacts of traditional (woody) 
biomass > 2% of global; nearly as high as aviation sector!

Integrated Responses to replace traditional biomass supports multiple SDGs:
• Reduced indoor air pollution leads to improved health (SDG 3, 7)
• Less time gathering wood frees time for women and children (SDG 1, 5)
• Reduced land degradation and GHG emissions (SDG 13, 15)
• Access to modern energy services improves adaptive capacity (SDG 2, 7, 13)
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• 2.7% of dietary protein on land used for pasture only (Woods et al., 2016)
• 86% of food & feed production from 58% of cropland (West et al. Science, 2014).
• Potential cropland and anticipated demand from FAO, 2017
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Global Land Use and Availability (2017)

• Latin America & Caribbean and Sub-Saharan Africa are the two regions 
where substantial amount of suitable land for agriculture is available due 
to large amounts of pastures and low population density 



Global use of biomass by major category



Perennial bioenergy crops and cellulosic sources of biomass 
can accumulate soil carbon better than annual crops



Specifications (Source for scenarios: Lynd, L., 2019)
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• Carbon capture & storage
• Non-fossil process energy (biogas, electricity)

• Return process residues (including long-lived C) to soil

LLC

CCS

S

• With return of process residues, a much larger fraction 
of agricultural residues can be processed to biofuels.

Ag. Residues: 85 EJ1 (+ double crops, degraded land)
Anticipated difficult-to-electrify transport: ~ 50 EJ3.
Biofuels today: 2.3 EJ2

Avoid competition for land

Substantial negative GHG emissions

Large enough to offer meaningful climate benefits

Soil fertility, nutrient retention  > status quo

NPP: Net primary productivity
Rh: Heterotrophic respiration
LUC: Land use change
CCS: Carbon capture & storage
S: Soil (+ or -)
B: Biogenic emissions
SLC: Short-lived carbon
LLC: Long-lived carbon

1 Cherubini et al., 2018; 2 Fulton et al., 2015; 3 Scope, 2015.

Cellulosic Biofuel Feedstock Supply Chain with negative emissions at scale

• Use crop residues, double crops, degraded land

LUC



• Trees on agricultural land make an important contribution to climate change 
mitigation: during the most recent decade they have sequestered 0.7 Gt CO2 per year

• There are regional hotspots both of biomass increase and loss: identifying the drivers 
may help replicate positive trends and revert negative ones

• Improvements needed in such data sets and their incorporation in decision making

Zomer et al, 2016. Global tree cover and biomass carbon on agricultural land: the 
contribution of agroforestry to global and national carbon budgets. Nature Scientific 
Reports, 6:29987. DOI: 10.1038/srep29987

Some positive news:



Biomass, biofuels, forests, land use in long-term can all be 
related to transitions over time to a sustainable bioeconomy

Natural economy

Fossil economy

Bioeconomy

(Modified from Finnish Bioeconomy Strategy)

• Renewable feedstock
• Low-tech 

• Land-intensive

• Non-renewable 
feedstock

• High-tech 
• Non Land-intensive

• Renewable 
feedstock 

• High-tech*
• Moderately 
land-intensive + 
Sustainable land 
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(*appropriate to level of economic development)



Governing 
Bioeconomy 
Pathways
An Initiative of the 
Stockholm Environment Institute
https://www.sei.org/projects-
and-tools/projects/sei-initiative-
bioeconomy/
Contact: francis.johnson@sei.org

Photo credit: Getty / yimwow

https://www.sei.org/projects-and-tools/projects/sei-initiative-bioeconomy/
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