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• Current and future sustainable lignocellulosic biomass costs 
and supply (domestic and from imports) in EU28; Western 
Balkans, Moldova, Ukraine and Turkey.

• Common operating data, models, and tools representing the 
entire biomass supply chain

• Incorporation of models and tools for technical, 
environmental, economic and social impact analysis

Theme 1: Data & 
Tools (WPs 1-4)

• Policy and regulations for supplying the future bioeconomy

• Support for future industrial investments

• Clarity on cross sector sustainability

• Strategies & Roadmap

• Ex ante impact assessment

Theme 2: 
Strategies & 
Roadmaps

(WPs 5-8)

• Support for policymaking at local, national, regional and 
EU28 levels by visualizing the outcomes of proposed 
policies

• Case Studies 

• Stakeholder engagement

• Information Campaign

• Improvement of public awareness, education, and outreach

Theme 3: 
Validation & 

project outreach

(WPs 9-10)
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Online tools

• http://S2biom-test.Alterra.wur.nl

• Login:

• Username: demo

• Password: helsinki
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http://s2biom-test.alterra.wur.nl/


18/11/2016 5



18/11/2016 6



Bio2Match
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Bio2Match
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Bio2Match
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Bio2Match
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Bio2Match
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Bio2Match
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BeWhere
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Reference 

systemDemand
New bioenergy 

plants

Existing 

industries

Biomass

Heat 

& power

Transport fuel

Fossil fuel

Forest 

industries

Biomass 

import

Sawmill

residuals

National

biomass

General BeWhere structure

Biofuel 

Import

CHP

Optional flows

Existing flows
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BeWhere Model

• Techno-economical model, geographic explicit

• Spatially explicit - 0.2 ˚ to 0.5˚grid cell

• Mixed integer linear program (GAMS)

• Static - yearly basis, with  fluctuation of heat demand over the year

• Minimize the total cost of the whole supply 

chain for the region’s welfare

min [ Cost + Emissions * (Carbon Tax) ]

• Does not maximize the profit of a plant
15



BeWhere answers…

Size and locations

Technology mix 

Biomass flow 

Biofuel trade 

Total costs and emissions

16

Economic incentives 

Carbon penalty 

RES potential

Economic potential 

Policy tool
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Forest resources

Crop residuals

Algae

MSW

Solar

Wind

Hydro

Biofuel

Heat

Power

Power to liquid/gas

Biogas

Fertilizers

Biochar

Co-firing

Ecosystem services

BECCS
GeothermalElectrobus

The BeWhere Umbrella



Input: biomass
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Straw availability Aggregation Input

• Biomass available 

• Biomass cost

• Emissions

WP 1

Source: INRA



Protected areas
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Source:

Inventaire National du Patrimoine Naturel

European Environment Agency (EEA)

ZNIEFF: Natural Areas of Ecological 

Fauna and Flora Interest

 type I: areas of great biological or 

ecological interest

 type II: large, rich and slightly modified 

natural landscapes, providing 

significant biological potential

Assumptions for Natura 2000 areas

 No extraction of biomass 

 No power plants can be installed



BeWhere input: logistics
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Road Network Used road network Input

• Transport cost

• Emissions

• Terminals / 

pretreatment

Source: OpenStreetMap.org



BeWhere input: demand
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Population Aggregation Input needed

• Heat consumption

• Power consumption

• Transport fuel 

consumption

• Price of competing 

 heat 

 power

 transport fuel

Source: 

OpenStreetMap.org

Réseau de Transport d’Électricité, www.rte-france.com

http://www.rte-france.com/


BeWhere input: technology
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Technology Operating hours

hours/year

Investment 

cost

MEUR

Heat

MWth

Powe

r

MWe

Heat

efficienc

y

Power

efficienc

y

Fixed bed for CHP 7,200 0.2 0.1 0.05 0.5 0.23

Pyrolysis 

combustion engine 

(compression-

ignition)

7,500 0.7 0.25 0.25 0.4 0.4

Fixed bed, direct 

combustion 8,500 2.5 5 0.88

BFB for CHP 8,500 18 8 5 0.52 0.3

Grate boiler for CHP 8,500 25 10 5 0.6 0.25
Source: S2Biom, WP2



Result Example

18/11/2016 23

First plant

Radius (km) 65

Straw (t/a) 0

Miscanthus (t/a) 30,000

Power (MWh) 35,417

Heat (MWh) 85,000

Plant technology: Grate boiler for CHP

Largest capacity

Close to high heat demand



Result Example
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Maximize the fossil fuel substitution

Min Max

Radius (km) 70 158

Straw (t/a) 6,412 20,377

Miscanthus 

(t/a) 9,623 18,400

Power (MWh) 24,792 35,417

Heat (MWh) 59,500 85,000

Plant technology: Grate boiler for CHP

Largest capacity

Close to high heat demand

Heat demand has stronger 

impact on the location than the 

distribution of biomass



LocaGIStics
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Burgundy case study
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BeWhere 377 grid points LOCAgistics - 5,357 grid points



LocaGIStics - User interface
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User interface - left hand side

• country & 

area of interest

• cases

• variants

• biomass types 
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User interface - middle

• regional biomass 

availability per grid cell

• powerplant locations 

suggested for the whole 

Burgundy region based 

on calculations of 

BeWhere (white points)

• LOCAgistics will further 

analyse chain towards 

one power plant in more 

detail (red square)
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User interface - right hand side

• power plant

• intermediate collection point

30



Specify a case study (1)

• make new variant of 

biomass value chain 

design

• specify share of 

biomass types
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Specify a case study (2)

• create biomass 

conversion plant

• create intermediate 

collection point
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Specify a case study (3)

• position on the map

• biomass conversion plant (■) 

• intermediate collection point (●)

• hide biomass maps to see 

surface map of the area
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Specify a case study (4)

• start calculation

• based on biomass availability, a GIS based ‘peeling 

heuristic’ determines 

• biomass used (ton dm) 

• transport distances (ton.km)

• analyse results
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Specify a case study (5)

• analyse results
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Five variants as an example

1. powerplant & no biomass yard; only straw

2. powerplant & no biomass yard; straw & Miscanthus

3. powerplant & one biomass yard; straw & Miscanthus
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Variant 1 - powerplant & 

no biomass yard; only straw
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• map is shown for 

available straw 

• only 33% straw available, 

no Miscanthus (0%)

• the size of the collection 

circle can be influenced:

• by assuming a higher or lower 

biomass availability % for a 

certain biomass type

• but also by adding more 

biomass types (e.g. also 

include Miscanthus in variant 

2)



Variant 2 - powerplant & no biomass 

yard; straw & Miscanthus

• map for Miscanthus

(purple)

• smaller supply circle, 

because Miscanthus

available at closer 

distance

• !! calculation results are 

different (e.g. profit)
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Variant 3 - powerplant & one 

biomass yard; straw & Miscanthus

• intermediate collection point (●) 

located near area with a high 

biomass availability

• power plant (■) 

located near area with a high 

energy demand
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BeWhere / LocaGIStics

BeWhere
Determine the optimal 

location of plants
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LocaGIStics
Calculations at the plant 

level

• Plants location, 

size and 

technology

• Biomass used

• Costs

• Emissions 

avoided

Quality check!

Final results



European model
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Woody biomass feedstock (WP1)
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Conifers Nonconifers



Technology Input (WP2)
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OPEX

CAPEX

Biofuel Heat and power



Demand (PJ/a)
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Transport

Heat

Electricity



CHP: Carbon cost or subsidy?
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Biofuel: support or subsidy?
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Spatial distribution 

of feedstock resources
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Transport Network
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Äänekoski

18/11/2016 49

30% of feedstock

250km by truck

Case 2

Case 3



11,436 stations
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526 lines 

Electro-bus

Electric
Conductive

Inductive

Biodiesel



Bus station…as biomass terminals?

d1 d2

S1 S2 S3
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Ter1

Ter2

Plant
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S2

S1

S3

S4

S5

Biomass terminals?



BeWhere and YSSP
2
0
0
8

2
0
0
9

2
0
1
0

2
0
1
1

2
0
1
2

2
0
1
3

2
0
1
4

2
0
1
4

2015 2015 2015

53

2016 2016 2016



BeWhere Thesis

Leduc, S. (2009) 

Development of an optimization model for the 

location of biofuel production plants. 

Schmidt, J. (2009) 

Cost-effective CO2 emission reduction and 

fossil fuel substitution through bioenergy 

production in Austria: a spatially explicit 

modeling approach. 

Wetterlund, E. (2012)
System studies of forest-based biomass 

gasification.

Khatiwada, D. (2013)
Assessing the sustainability of bioethanol 

production in different development contexts 

– a systems approach.

Slegers, PM (2014) 
Scenario studies for algae production. 

Campana, PE (2015) 
PV water pumping systems for agricultural 

applications. 

Patrizio, P (2016) 
Prospects for agricultural biogas as a vehicle 

fuel in Northern Italy 

Mesfun, S (2016)
Process integration to increase woody 

biomass utilization for energy purposes

Karthikeyan, K (2016) 
Potential of forest based bioenergy in Finland.

Electric buses, 

MSW in Malaysia, 

Biofuel from algae…
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Thank you for your attention!!

Sylvain Leduc

leduc@iiasa.ac.at

+43-(0)2236 807 267

More about BeWhere

www.iiasa.ac.at/bewhere

mailto:leduc@iiasa.ac.at
http://www.iiasa.ac.at/bewhere

