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Climate benefits
The EU Renewable Energy Directive presents GHG emissions default values for several different 
production pathways of liquid and gaseous biofuels as vehicle fuels in road transport, and solid 
biomass fuels for electricity, heating and cooling (EU, 2018). These default values do not include 
any net-carbon emissions from potential land-use change. 
 
Regarding Fischer-Tropsch (FT) diesel, methanol, and dimethylether (DME) based on farmed 
wood, equivalent SRC, the GHG emissions savings are estimated to amount to approximately 82% 
when fossil diesel and gasoline are replaced. This is equivalent to 77 g CO2-eq per MJ biofuel. 
Assuming an energy conversion efficiency from biomass feedstock to final biofuel of, on average, 
50%, 60%, and 65% for FT-diesel, methanol and DME, respectively1, the 300 PJ SRC biomass 
produced in riparian buffers can lead to an annual GHG emission saving of 11.5 to 15.0 Mton CO2-
equivalents, depending on the biofuel pathway. The corresponding GHG emissions savings of using
450 PJ SRC biomass produced in windbreaks are 17.5 to 22.5 Mton CO2-equivalents per year.  
 
If the SRC biomass is used for electricity and heat production, the default GHG emission savings 
are, according to EU RED, approximately 80% and 86%, respectively (EU, 2018). Compared with 
the fossil fuel comparator, and an estimated energy conversion efficiency of 40% and 85% 
respectively, the GHG saving per MJ of SRC biomass is equivalent to some 58 g CO2-equivalents 
for both electricity and heat production. Thus, utilising the 300 PJ SRC biomass from riparian 
buffers for electricity or heat production may lead to an annual GHG saving of 17.5 Mton CO2-
equivalents. The corresponding annual GHG emissions saving of using 450 PJ SRC biomass 
produced in windbreaks is 26.0 Mton CO2-equivalents.   

1 Börjesson P., Lundgren J., Ahlgren S., and Nyström I. (2013). Dagens och framtida hållbara biodrivmedel. 
Underlagsrapport från f3 till Utredningen om FossilFri Fordonstrafik (SOU 2013:84). f3-rapport 2013:13, The Swedish 
Knowledge Centre for Renewable Transportation Fuels.



Uncertainties and limitations
While the results for the different deployment scenarios show relatively coherent spatial patterns, 
spatial extents and absolute numbers vary substantially. This illustrates that large-scale deployment 
of strategic perennialization could have highly different outcomes, depending on what incentives 
that drive the deployment. For example, in the "Biomass" scenario for riparian buffers, farmers are 
incentivized to establish a pre-defined buffer system in a landscape where the effectiveness of 
establishing buffers to mitigate N emissions to water has been identified as at least "medium". 
This includes 1870 landscapes where the impact is already at a "low" level. In the other 
scenarios, where farmers are only incentivized to implement buffers to an extent where the impact 
is mitigated down to a "low" level, these landscapes are not subject to implementation. 
Furthermore, as buffers are only implemented to the extent where the desired impact mitigation is 
achieved (on average 67% for narrow buffers and 41% for wide or double-wide buffers), total 
buffer area in relation to the "Biomass" scenario, in which buffers are fully implemented in all 
landscapes, is further decreased. Finally, in the "Food-first" scenario, where farmers are 
incentivized to minimize the area used for riparian buffers, the total buffer area is further 
decreased (although without reducing total impact mitigation, compared to the "Low-impact" 
scenario). In the case with windbreaks, the assumption that windbreaks can only decrease wind 
erosion down to a “low” level automatically disqualified 6315 landscapes, or 84% of the landscapes
where the effectiveness of impact mitigation is above “low”. Assuming possible 
impact mitigation down to a “very low” level would thus have resulted in a substantially 
greater deployment. The results presented here should therefore be interpreted as indicative 
for large-scale deployment of riparian buffers and windbreaks, given the set of assumptions in the 
different scenarios.  
 
While based on high-quality and high-resolution data, and generally well-justified core modelling 
assumptions, the model is subject to crucial uncertainties and limitations, in addition to the scenario 
assumptions described above. One example is the thresholds used for classifying environmental 
impacts and impact mitigation effectiveness, as these directly influence where implementation takes
place in all scenarios. For a thorough description of background and input data, and classification of
environmental impacts and mitigation effectiveness, see Englund et al. 
(2020). Furthermore, biomass productivity is based on a well-known pan-European yield model, but
a continental yield model cannot take local conditions well into account, meaning that 
local yield variations are not identified. It is also uncertain to which extent the production system 
assumptions in the yield model can be directly transferred to riparian buffers and windbreaks. 
This is, however, considered a lesser issue. Finally, assuming that some of the co-benefits are 
proportional to the share of annual crops is logical, but the relationship is most likely not linear. To 
assess co-benefits with greater certainty, new simulations for erosion and N emissions would be 
necessary, based on the new land-use in the different deployment scenarios. 



Additional results
Table S1: Area with riparian buffers, corresponding biomass production, share of buffer area relative areas currently 
under annual crops, and quantified environmental benefits, for the three scenarios where riparian buffers are 
implemented in EU28 on a large scale. All values aggregated to EU28.

Buffer design

Scenario

Biomass Low-impact Food-first

Buffer area 
(kha)

Narrow - 70 49

Wide - 179 52

Double-wide 1424 431 -

Total 1424 70-431 101

Biomass production 
SRC
(kt | PJ)

Narrow - 807 | 15 580 | 11

Wide - 2037 | 38 572 | 11

Double-wide 16116  301 4854 | 91 -

Total 16116 | 301 807-4854 | 15-91 1152 | 22

Biomass production 
grass (tk)

Narrow - 821 | 15 593 | 11

Wide - 2073 | 39 574 | 11

Total - 821-2073 | 15-39 1168 | 22

Buffer area relative area 
under annual crops in 
landscapes where 
riparian buffers could be
established (%)

Narrow -- 0,3 0,3

Wide - 0,9 2,6

Double-wide 4,6 2,1 -

Total 4,6 0,3- 2,1 0,5

Buffer area relative total 
area under annual crops
in EU28 (%)

Narrow - 0,1 0,0

Wide - 0,2 0,0

Double-wide 1,3 0,4 -

Total 1,3 0,1-0,4 0,1

Avoided N emissions to 
water (kt N)

Narrow -

371

216

Wide - 155

Double-wide 908 -

Total 908 371 371

SOC increase until 2050 
(Mt C )

Narrow 1,1 1,2

Wide 2,7 1,0

Double-wide 32,8 6,3 -

Total 32,8 1,1-6,3 2,2

Avoided soil erosion by 
water (kt | median % of 
mitigation necessary for
achieving “low” impact)

Narrow 192 | 1,9 126 | 1,5

Wide 483 | 4,8 165 | 11,9

Double-wide 3294 | 26 1150 | 11

Total 3294 | 26 192-1150 | 1,9-11 291 | 2,2

Retained sediment (Mt) Narrow 16,5 12,6

Wide 13,0 3,0

Double-wide 49 12,7

Total 49 12,7-16,5 15,6



Table S2: Area with windbreak, corresponding biomass production, utilized share of areas currently under annual 
crops, and avoided soil loss by wind erosion, for the three policy scenarios. Aggregated to EU28.

Buffer design
Scenario

Biomass Low-impact Food-first
Windbreak area 
(kha)

SRC willow 1397 324 122
SRC poplar 864 231 68

SRF poplar 288 77 54
Unsuitable SRF poplar 1) 108 67
Total 1685-2261 185-555 312

Biomass production
(kt | PJ)

SRC willow 15051 3507 1318
SRC poplar 9067 2377 724
SRF poplar 3022 792 551
SRF poplar where willow
is higher yielding

945 585

Total 18073-24118 1738-5884 3178
Windbreak area 
relative area under 
annual crops in 
landscapes where 
windbreaks are 
established (%)

SRC willow 1/3 7,7 4,0
SRC poplar 1/3 8,9 3,7
SRF poplar 1/9 3,0 7,4
SRF poplar where willow
is higher yielding

2,6 6,0

Total 0,30-0,33 2,7-8,2 4,6
Windbreak area 
relative total area 
under annual crops in 
EU28 (%)

SRC willow 1,3 0,3 0,1
SRC poplar 0,8 0,2 0,1
SRF poplar 0,3 0,1 0
SRF poplar where willow
is higher yielding

0,1

Total 1,6-2,1 0,2-0,5 0,3
Avoided soil loss by 
wind erosion (kt | % of 
total in EU28)

SRC willow 7,726 | 13 7,775 | 14 2,928 | 5
SRC poplar

5,368 | 9 5,560 | 10
1,648 | 3

SRF poplar 3,912 | 7
SRF poplar where willow
is higher yielding 7,775 | 14 4,847 | 8

Total 13094 | 23 13,335 | 23 13,335 | 23
Avoided N emissions 
to water (kt N)

SRC willow 19,6 4,2 1,8
SRC poplar 2,2 0,5 0,2
SRF poplar 0,7 0,1 0,1
SRF poplar where willow
is higher yielding 1,4

0,8

Total 21,8-20,2 1,6-4,8 2,7

SOC increase by 2050 
(Mt C)

SRC willow 34 8 3

SRC poplar 11 3 1

SRF poplar 4 1 1

SRF poplar where willow
is higher yielding

3 2

Total 38-45 4-11 6

Avoided soil erosion 
by water (kt | median %
of mitigation 
necessary for 
achieving “low” 
impact)

SRC willow 1218 | 113 217 | 9 103 | 9

SRC poplar 1957 | 91 422 | 15 160 | 9

SRF poplar 652 | 30 141 | 3 87 | 16

SRF poplar where willow
is higher yielding

72 | 5 38 | 24

Total 1870-3175 | 44-95 213-639 | 4-12 289 | 10
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