2

SCIENCE FOR A SUSTAIABLE DEVELOPMENT =X
(SSD) % X<

Energy

FINAL REPORT

DECISIONMAKING TOOLS TO SUPRORT THE DEVELOPMENDF
BIOENERGY FROM AGRIOLTURE

OSDWAHQ@FE€

SD/EN/05

Promotors

Yves SCHENKEL
Centre wallon de Recherches agronomiques CRW,
chaussée de Namur 146, B5030 Gembloux

Jacques DE RUYCK
Vrije Universiteit Brussel VUB,
Pleinlaan 2, B1050 Brussel

Annick CASTIAUX
Facultés Universitaires NotréDame de laPaix de Namur FUNDP,
61 Rue de Bruxelles, BBOOO Namur

Johan DRIESEN
Katholieke Universiteit Leuven/ESAT/ELECTA

Kasteelpark Arenberg 10, BBOO1 Heverlee
Authors

Y. Schenkel (CRAW), J. De Ruyck (VUB), A. Castiaux (FUNDP), J. Driesen (KUL),
F. Van Stappen (CRAV), A. Delcour (CRAW), S. Bram (VUB)/. Brose (FUNDP),

V. Kumar Verma (VUB), T. Neven (VUB), F. Delattin (VUB]P. Bekaert (KUL)

&s o, G
K S ?
Vi

N

Yy,
757 30 2007

(NS iy

Vrije

%

’ ¥ Universiteit
&
Brussel e h e
UNIVERSITY 9425 8
orNAMUR v

Cra-



Belgian Science Policy Office

belspo

D/2012/1191/15

Published in 2012 by the Belgian Science Policy
Avenue Louise 231

Louizalaan 231

B-1050 Brussels

Belgium

Tel: +32 (0)2 238 34 11 DFax: +32 (0)2 230 59 12
http://www.belspo.be

Contact person:lgor Struyf
+32 (0)2 238 35 07

Neither the Belgian Science Policy nor anyperson acting on behalf of the Belgian Science Policy is
responsible for the use which might be made of the following information. The authors are responsible for
the content.

No part of this publication may be reproduced, stored in a retrieval system, dransmitted in any form or
by any means, electronic, mechanical, photocopying, recording, or otherwise, without indicating the
reference:

Y. Schenkel, J. De Ruyck, A. Castiaux, J. Driesen, F. Van Stappen, A. Delcour, S. Bilamlrose,V. Kumar
Verma, F. Delattin, D. Bekaert. Decisionmaking tools to support the development of bioenergy from
agriculture. Final Report. Brussels: Belgian Science Pgli@012 D101 p. (Research Programme Science
for a Sustainable Development)



Project SD/EN/05- Decisiond ~ j hmf snnkr sn rtoongs sgd cdudknoldms ne ahn

TABLE OFCONTENT

UMM A RY ettt e bt e e h bttt e oA E b et e et e e e e R b et e e e e nbbe e e e e et beeeereeeeennrres 5
(O VN =y o B [ g1 o Yo [ ox T o PR PUPPRP 9
1.1 L0 0] 01 1= PP PPPT PR 9
1.2. ODbjJeCtives Of the PrOJECT......uuiiiiiiiiii e 9
CHAPTER 2Methodology and FESUILS ............uuiiiiiiiiie e e e e s e e e e e e e e e e s e s 11
2.1. Database of environmental and socigeconomic impacts of bioenergy chains............... 11
2.1.1. Priority bioenergy chains SEIECHON...........ccciiiiiiiciece e e e e e 11
2.1.2. Available and MiSSING Aata............ccccuiiiiiiiiei e e e a e e e 12
2.1.3. Agricultural practices adaptation.............coiviiiiiiiiiiiii e e e 13
2.1.4. Direct field emissions from fertilisers and pesticides application.............ccccceevvvvvvviineeeen.n. 15
2.1.5. Data adaptation for Belgian bioenergy rOULES............covvvviiireiiiiiiie e 17

2.2. Environmental andsocio-economic externalitieS aSSeSSMEeNLt..........ccvvvviiviiieeiieesieeeneen. 18
2.2.1. Environmental sustainability criteria and indicators...............coevvvvviiiiiiie e 18
2.2.2. Socioeconomic sustainability criteria and indiCators..............coovvvvviiiiiiiiie e, 19
2.2.3. Macro-evel issuesDINAIreCt effECTS.........couiiiiiii e 19
2.2.4. Externalities monetization MeEthOUS..........oooiiiiiiiiiiiiie e 20
2.2.5. Externalities interactionsDqualitative model.............ccoovvrriiiiiiiii e 21
2.2.6. Indicators for externalities assessmMeMSUMMArY..............ccevvvveeiriiiiiiieeeeeeeee e e eeeeeeeaeeninen, 22
2.2.7. Externalities assessment of selected bioenergy rouf@sesults.............ccccevvvvviiiiiiiieeeeeennn, 23
2.2.8. Quantification of GHG emissions for the cultivation Step............cccoevvvvviiiiiiiie e, 24
2.2.9. Qualitative impact on water qUAalit.............oovvriiiiiiiiii e 24
2.2.10. Quantification of acidification and eutrophication potentials..............cccovvvviviiiii e, 26
2.2.11. Qualitative impact on SOil QUALILY.............oooriiiiiiie e 28
2.2.12. Impact of deposition of pollutants on biodiVersity...............oovevvviiiiiiiiii e, 28
2.2.13. Job creation relating to cultivation and CONVErSION...............ccovvvviviiiiiiieee e 29
2.2.14. Qualitative assessment o$0CIi0-€CONOMIC IMPACLS............ccvvviviiiiiiiiiine e 31
2.2.15. Monetization Of IMPACES..........ccoiiiiiiiieecei e e e e e e 32
2.2.16. CONCIUSIONS .....eutieitiitee ettt e e e e e oo et b bbbttt et e e e e e e e e naab e e saanbnbb e e e e eeaaeeeeas 37

2.3. System perturbation analySiS..........covviiiiiiiiii e 38
2.3.1. System Perturbation Analysis methodology............coovviiiiiiiiiiiii e 38
2.3.2. New development within TEXBIAG............ooiiiiiiiieeie et e e e e e e e e e e e eeeees 39
2.3.3. Route template deSCriPLiON.........ccoiiiiiii e 41
2.3.4. Stream template deSCrPLON..........ooiiiiiiiee e e e e e e e e e e e e e e e e eeerareraea 43
2.3.5. Other routes t0 be CONSIAEIEA. .........uuiiiiiiiiiie e e 47
2.3.6. Impacts on animal feed Market..............ooiiiii e 47
2.3.7. Substitution of electric energy ProduCHiON.............ciiiiiiiiiiiii e 51
2.3.8. SCENAIO SEIECHION......cce i et a e e e e e 53
2.3.9. ResuUlts for the Wheat Case............cooiiiiiiiiieee e 55
2.3.10. ResUlts for the rapeSEEd CASE.......ccuuiiiieiii ettt e e e 63
2.3.11. Conclusions and fULUIE WOIK..............ooiiiiiiiiiie e e e e e e e e e e e e e e e e eeaeananees 70
CHAPTER 3POJICY SUPPOIT. ..ttt ettt e e e e e e e e e e s et ettt e e e e e e e e e e e nnae e e e e nnnbbbeeeeeeas 71
3.1 Yol ] o1 PP P TP P TTTRTRRIPTON 71
3.2. Tools (Made) available. ... e e e e e e e e e e ea e 72
CHAPTER 4Dissemination and valoriSation.................ocveiiiiiiiiiiiee e e e e e e e e e e e e e eeeeaeeaanns 75
CHAPTER SPUDBICALIONS ... ..o e e e e e e e e e e e et e e e e e e e e et aae e e e eeeeeeeeeeeeeeenees 77
5.1. PEI TEVIEW. ... e e e e e e et eeee e e e e e e e et et et e s e s ememsa s e seeeaeaeeeeesennes 77
5.2. TEXBIAG project deliVerables...........oooiiiioiiieeee e ee e e e e e e e e e 77
5.3. L@ (1T T PP PR PR 79

SSDScience for a Sustainable DevelopmentEnergy 3



Project SD/EN/05- Decisiond ~ j hmf snnkr sn rtoongs sgd cdudknoldms ne ahn

CHAPTER BACKNOWIEAGMENTS .....uuiiiiiiiiee e i ittt e e e e e e e s e s s e e e e e aaeeesessnnnnseeansnnsennnees 81
CHAPTER 7 RETEIEINCES ..o i iiiiitee ettt ettt e e e e e e r ettt e e e e rt e e e e e e e e s s nnbbeneees 83
ANNEX 1: Copy Of the PUBIICALIONS .......uviiiiiieiei i e e e e e s s s e e e e e e e e e e s s snneneensnnnnes 87
ANNEX 2: Minutes of the Follow-up COMMIttEE MEELINGS ... .uvvviiiieeei it e e 90
7.1. 1% Follow-up Committee meeting (13 September 2007)..........ccovvveeeiiieeeceiiieeeeeveeeans 90
7.0, TOUrde tabIe.......oeii e 90
7.1.2.  Presentation of the SSD Programme by BELSPO...........ccccceveiieeiiiiiee e, 90
7.1.3.  Overview of the TEXBIAG project by CRAN ......ccooi ittt e e e 91
7.1.4.  Work progress of Task IDDatabase construction and Task DResults dissemination and
ValOrISALION DY CRAW ...t e s s s ettt e s s s s e s e e eeaeeeteeeee s e s e s seseseeeeeesesnsnnennnnnnnn 91
7.1.5.  Work progress of Task 2DExternalities monetization model by FUNDPR........................ 91
7.1.6.  Work progress of Task 3Dpolicy prediction tool by VUB and KUL ..............cccevvvvvivnnnnns 91
7.1.7. (@ 11153 io] g 53T o B0 [ 1Yol U [T o 92
7.1.8. Next Follow-Up Committee MEELING..........coiiiiiiiieeeieiin e e 92

7.2. 2" Follow-up Committee meeting (22 February 2008).........ccccvvevvvevvriiermieeiiesreesneeans 93
721, TOUNde taDIe....coo ettt a e e e e 93
7.2.2.  Work progress of Task IDDatabase construction and Task DResults dissemination and
ValOrISALION DY CRAW ...t e s s s ettt e s s s s e s e e eeaeeeteeeee s e s e s seseseeeeeesesnsnnennnnnnnn 93
7.2.3.  Work progress of Task 2DExternalities monetization model by FUNDPR........................ 93
7.2.4.  Work progress of Task 3DPolicy prediction tool by VUB and KUL ..............ccceevvvvivinnnns 94
7.2.5. (@ 11153 io] oS3V o B0 [ 1Yol U 11T ] o 95
7.2.6. Next Follow-Up Committee MEELING..........cooiiiiiieeeeieie e e 96

7.3. 3" Follow-up Committee meeting (12 September 2008)........c.coovevveevreiviseeireeieriieineeas 96
7.3.1. FOTBWOIA. ...ttt bbbttt e e e e e e e e e s e et s bbbt e e e e e e e e e e s 96
7.3.2. Work progress of Task IDDatabase construction and Task DResults dissemination and
ValOrISALION DY CRAW ...ttt s et e e e et e s e e s e s e e ee e e eeteeeee st a e e seseeeeeeeesnsnnnnnnnnnnnnn 96
7.3.3.  Work progress d Task 2DExternalities monetization model by FUNDP........................ 97
7.3.4.  Work progress of Task 3DPolicy prediction tool by VUB and KUL...............cccovvvvvivinnnns 97
7.3.5. Questions of the experts for the evaluation of the first phase of the project.................. 98
7.3.6. Next Follow-Up Committee MEELING..........cooviiiiiiieeieir e e 98

7.4. 4" FOLLOW-UP COMMITTEE MEETING (20 March 2009)...........c.cccceveeveerieeererennean. 98
TAL TOUNAETADIE.....co it e e e e e e 98
7.4.2.  Work progress of Task IDDatabase construction by CRAV ............cccoevvvviviiiiiiiiee e, 98
7.4.3.  Work progress of Task DResults dissemination and valorisatinby CRAW ................. 99
7.4.4.  Work progress of Task 2DExternalities monetization model by FUNDPR........................ 99
7.4.5.  Work progress of Task 3DPolicy prediction tool by VUB and KUL ..............cccuvvieeeeennn. 99
7.4.6. Next Follow-Up Committee MEELING.......coiuuiiiiiiiieee e 100

7.5. 5" FOLLOW-UP COMMITTEE MEETING (17 September 2009)...........ccccvceveeveemne.. 100

1. (0] ] 1)« S OSSP 100

2. Reactions anOCOMIMENTS..........cooiiiiiiiiieeeee et e e e e e e e e e e e e e e e e e e e e e e eaeaaaas 100

SSDScience for a Sustainable DevelopmentEnergy 4



Project SD/EN/05- Decisiond ~ j hmf snnkr sn rtoongs sgd cdudknoldms ne ahn

SUMMARY

CONTEXT

Bioenergy from agriculture is today at the heart of sustainable development, integrating its key
components: environment andclimate change, energy economics and energy supply, agriculture, rural
and social development.

Fighting against climate change imposes the mitigation of greenhouse gases in our atmosphere.
Considerable efforts have to be pursued, especially in the field @nergy production and use.

Concerning energy supply, the limitation of fossil fuels import is a crucial matter: beside the rational use
of energy, the contribution of renewable sources, including biomass, for energy production is of
considerable importane. It is worth to note that, in addition to the limitation of fossil fuels import,
implementing renewable energy sources offers other attractive economic advantages, such as jobs
creation, technology development, technology export, etc.

Sustainable agriciture leads to important questions about the diversification of agricultural productions
and sources of incomes for farmers, the use of rural and arable lands for food and Howrd crops, the
contribution of agriculture to climate change fighting and renewble energy supply.

The lack of primary and reliable data on bioenergy externalities from agriculture and the lack of decision
making tools are important nontechnological barriers to the development of bioenergy from agriculture
on a large scale, and, cosequently, to the achievement of the national and regional objectives of
sustainable development in greenhouse gases mitigation, secure and diversified energy supply, rural
development and employment and agriculture future. Furthermore, the recent worldwal controversies
about transport biofuels, food shortages and increasing prices have demonstrated the need for
sustainability criteria applied to biofuels and bioenergy.

OBJECTIVES

In this sustainable development context, the objective of the TEXBIAG projeis to lead to an actual and
significant contribution of bioenergy from agriculture to the mitigation of greenhouse gases emission, to a
rdbtgd "mc chudgrhehdc dmdgfx rtookx+ sn e qldgrqQ hmb

To reach this final objective, it isnecessary to grasp the modifications that will affect landse on the one
hand, and the energy utilizations and conversions of biomass on the other hand. To support this, it is also
imperative to develop a comprehensive and reliable knowledge of the envanmental and socioceconomic
impacts (externalities) of bioenergy from agriculture, which condition its long term development.
To achieve this goal, the TEXBIAG project provides three tools:

1. A database of primary quantitative data related to environmentaha socio-economic impacts of

bioenergy from agriculture integrating biomass logistics;
2. A mathematical model monetizing bioenergy externalities from agriculture;

SSDScience for a Sustainable DevelopmentEnergy 5
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3. A prediction tool assessing the impacts of political decisions made in the framework of the
development of bioenergy from agriculture on different economic sectors (energy, agriculture,
industry, and environment).

CONCLUSIONS

Considering priority chains and available sources and experts for data collection, data adaptation focused
on the 4 four main energy crops for biofuels production in Belgium:

Y Maize (grain maize in Flanders, silage maize in Wallonia);

Y Wheat;

Y Rapeseed;

Y Sugar beet.
Different scenarios have been considered for each crop, according to farm size, soil characteristics and/or
fertilizers application.
Detailed results and calculations are available in Deliverable DD Database of environmental and socie
economic impacts of bioenergy from agriculture.

Applying qualitative and/or quantitative indicators and monetizationpossibilities to cultivation pathways
enables producing comparisons between studied biomasses.
The following impacts are included in the externalities assessment model:
e Quantification of GHG emissions for the cultivation step
e Qualitative impact on water quality
e Quantification of acidification and eutrophication potentials
e Qualitative impact on soil quality
e Impact of deposition of pollutants on biodiversity
e Job creation relating to cultivation
e Qualitative assessment of socieconomic impacts
e Monetization of impacts

The externalities assessment model underlines the sensitivity of results towards cultivation pathways and
the choice between work processes options.

The main conclusion drawn from these figues and calculations is that even if default values exist for
bioenergy production routes and are commonly accepted, it should remain possible to propose data
adapted to the local context.

The database and models developed by this project can be of greatpgmort to this process, allowing the
user, whether a policy-related decisionrmaker or a producer, to compare options between several
bioenergy routes and their cultivation pathways.

CONTRIBUTION OF THERDJECT IN A CONTEXTF SCIENTIFIC SUPPORTO A SUSTAINBLE DEVELOPMENT P@LY

TEXBIAG must be seen as a contribution to the impact assessment of bioenergy in general, with focus on
the cultivation step, which is one of the biggest, if not the biggest, contributing step to the overall impact
of a given bioenergy chain. Impact critem are under continuous development at national and European
levels to allow producers bioenergy to demonstrate to potential consumers the quality of their products
(through the observance of standards) along the procedsain. TEXBIAG contributes to a cleaand

SSDScience for a Sustainable DevelopmentEnergy 6
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harmonized methodology at European scale, regarding emissions assessment all along the fuels life cycle,
"r vdkk "r sgd udghehb shnm ne sgdrd dl hrrhnmr s sgd

Among the three tools developed by TEXBIAG the database of environmentahd sociceconomic
impacts gathers a considerable amount of data adapted to the local context. Focussing on the cultivation
step, several crop management scenarios were selected matching realistic situations according to farm
size, soil characteristics andertilisation preferences.

The externalities assessment model assembles quantitative, qualitative and monetization results for the
cultivation step of considered routes. It enables the comparison of these routes according to an extended
set of sustainaHbity criteria and allows the user to decide whether a category of impact weighs more than
another in a particular situation.

The policy prediction tool (SPA2) finally is made available, and allows the following:

Y To define an arbitrary 'system' byassembling streams and components (e.g. Belgium)

Y To study the substitution of components within the considered system

Y To feed in data from arbitrary sources, with or without data modifications, and in combination with

local data

Y To determine the impacts ofany substitution, with any assumption about impact methodology
Additional specific advantages of SPA2 are:

Y Flexibility in mixing different types of data sources

Y Unlimited streams going in and out of process units

Y No allocation assumptions needed insidelte system

The impact balances must allow policy makers to take decisions, and the combined tool allows to
assess/compare the decisions taken by them.

KEYWORDS

Bioenergy, biomass, agriculture, sustainable development, decisianaking tools, externalities,
environmental impacts, socieeconomic impacts, policy prediction.

SSDScience for a Sustainable DevelopmentEnergy 7
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CHAPTER 1INTRODUCTION

1.1. CONTEXT

Bioenergy from agriculture is today at theheart of sustainable development, integrating its key
components: environment and climate change, energy economics and energy supply, agriculture, rural
and social development.

Fighting against climate change imposes the mitigation of greenhouse gases imr catmosphere.
Considerable efforts have to be pursued, especially in the field of energy production and use.

Concerning energy supply, the limitation of fossil fuels import is a crucial matter: beside the rational use
of energy, the contribution of renewdle sources, including biomass, for energy production is of
considerable importance. It is worth to note that, in addition to the limitation of fossil fuels import,
implementing renewable energy sources offers other attractive economic advantages, such jabs
creation, technology development, technology export, etc.

Sustainable agriculture leads to important questions about the diversification of agricultural productions
and sources of incomes for farmers, the use of rural and arable lands for food andn-food crops, the
contribution of agriculture to climate change fighting and renewable energy supply.

The lack of primary and reliable data on bioenergy externalities from agriculture and the lack of decision
making tools are important nontechnological barriers to the development of bioenergy from agriculture
on a large scale, and, consequently, to the achievement of the national and regional objectives of
sustainable development in greenhouse gases mitigation, secure and diversified energy supply, rural
development and employment and agriculture future. Furthermore, the recent worldwide controversies
about transport biofuels, food shortages and increasing prices have demonstrated the need for
sustainability criteria applied to biofuels and bioenergy.

Research on sustainability criteria and certification systems in Europe has started in several institutions and
through European and international initiatives (the Dutch Cramer Commission, the United Kingdom (UK)
Renewable Transport Fuels Obligation, the Genan Biofuels Sustainability Ordinance, the Roundtable on
Sustainable Palm Oil, the Roundtable on Sustainable Biofuels, etc.).

These regulatory and voluntary initiatives have fed the debates around the new EU Directive on the
promotion of renewable energy surces. Sustainability requirements are included in this new Directive as
well as in the revised Fuel Quality Directive. Even if this Renewable Energy Directive (RED) overrules{pre
existing national initiatives, national standards and voluntary schemes caupport its implementation and
cover aspects lacking in the Directive.

1.2. OBJECTIVESOF THE PROJECT

In this sustainable development context, the objective of the TEXBIAG project is to lead to an actual and
significant contribution of bioenergy from agricultue to the mitigation of greenhouse gases emission, to a
rdbtgd " mc chudgrhehdc dmdgfx rtookx+ sn e gldgrq hmb

SSDScience for a Sustainable DevelopmentEnergy 9
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To reach this final objective, it is necessary to grasp the modifications that will affect lante on the one
hand, and the energy utilizations and conversions of biomass on the other hand. To support this, it is also
imperative to develop a comprehensive and reliable knowledge of the environmental and soc&conomic
impacts (externalities) of bioenergy from agriculturewhich condition its long term development.
To achieve this goal, the TEXBIAG project provides three tools:
1. A database of primary quantitative data related to environmental and soegzonomic impacts of
bioenergy from agriculture integrating biomass logigts;
2. A mathematical model monetizing bioenergy externalities from agriculture;
3. A prediction tool assessing the impacts of political decisions made in the framework of the
development of bioenergy from agriculture on different economic sectors (energy, aguiture,
industry, and environment).

SSDScience for a Sustainable DevelopmentEnergy 10
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CHAPTER 2METHODOLOGY AND RESUTS

2.1. DATABASE OF ENVIRONMETAL AND SOCIO-ECONOMIC IMPACTS OF BIOENERGY CHAINS

2.1.1. Priority bioenergy chains selection

Considering the numerous existing bioenergy chains, an enquiry was consequenttpnducted, asking
Belgian stakeholders which bioenergy chains they would consider the most relevant for the Belgian
market.

The enquiry was based on bioenergy chains selected by the most advanced European sustainability
initiatives: the Cramer Commission dr the Netherlands, the Biofuel Quota Law for Germany, the
Renewable Transport Fuels Obligation (RTFO) for United Kingdom and the RES Directive of the European
Commission.

A list of more than 200 stakeholders was established, including e.g. private compa&si from biomass
production, conversion and distribution, public authorities, research institutions, consultants. Results were
crosschecked with consortium partners and Followup Committee members and can be considered as
representative.

As a result of ths enquiry Table | ranks bioenergy chains relevant for the Belgiamarketto be studied in
priority by the TEXBIAG project.

Table | - Bioenergy chains relevant for the Belgian market, ranked according to their importance

Resource type Production | Resource Conversion technology

SSDScience for a Sustainable DevelopmentEnergy 11
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: : . Ethanol ETBE
Agriculture Belgium Maize Biogas Power/CHP or biofuel
Agriculture Import Soybean (Pure plant oil) | Biodiesel
Agriculture Import Palm oil (Pure plant oil) | Biodiesel
Agriculture Import Sunflower (Pure plant oil) | Biodiesel
Agriculture Import Sugarcane Ethanol ETBE
Agriculture Import Jatropha oil (Pure plant oil) | Biodiesel
RESENES,  [GEelEs & Belgium Tallow Biodiesel
wastes
Residues, byproducts & Belgium Used cooking oils & Biodiesel
wastes fats
\T/gzltg:es, FACEMES & Belgium Agrofood residues Cofiring in coal power plant
Residues, byproducts & _Belglum or Glycerine Methanol
wastes import
Lower importance
Agriculture Belgium Mls_canthus, SIRE Lignocellulosic ethanol
Switch grass
Wood & Methanol
Main crop or residues Belgium oody NON"| Gasification FischerTropsch
woody biomass DME

2.1.2.

Next step consisted in crosghecking priority bioenergy chains with available datasets in the primary data

Available and missing data

ne

source: the Ecolnvent database. This exercise demonstrates that the majority of the chains are included in
this database, except a few ones, as ddled in Tablell.

Most biofuel chains are included in the database. The main missing data concern power production in

large power plants, which is amajor biomass application in Belgium, either for céfiring in coal power
plants or for 100% biomass plants, such as "les Awirs" (Liége). Data on biogas production from wastes are
also missing.

Table Il - Data availability in Ecolnvent

Local

Automotive power Electricity Heat/CHP
ABiodiesel from rapeseed

AEthanol/ETBE from wheat

AEthanol/ETBE from sugarbeet

AEthanol/ETBE from maize AWood residues in AWood chips

ABiodieseI from used cooking oils & fats
AlLignocellulosic ethanol from grass
AMethanoI from gasification

ADME from gasification

A (Biodiesel from tallow)

A(Methanol from glycerine)

large power plants
(co-firing and 100%
biomass)

ABiogas from grass
ABiogas from wastes

+—
o
o
o

ABiodiesel from soybean
ABiodieseI from palm oil
AEthanol/ETBE from maize US
AEthanoI/ETBE from sugar cane
A(Biodiesel from jatropha)

£
9

reen = available, red = not available

SSDScience for a Sustainable DevelopmentEnergy
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TEXBIAG seeks to gather primary data related to environmental and seeiconomic impacts of bioenergy.
Available datasets in the Ecolnvent databasesed therefore to be adapted to the Belgian context. This is
done through experts' consultation.

Figure 1 gives a range of GHG emissions associateditlr production steps for ethanol and biodiesel
(gathered from default values included in the RES Directive). This illustrates that the majority of GHG
emissions are tied to the cultivation and conversion processes.

CultivationH—» Transp. [—» Conversion » Transp. » Distribution
EtOH| 30-70% 1-4% 20 - 70% 1-4% 1%
FAME| 30-85% 1% 25 - 60% 1-3% 1%

Figure 1 D Distribution of GHG emissions for ethanol (EtOH) and biodiesel (FAME) chains per step
(retrieved from EC, 2009)

The adaptation of Ecolnvent data in the Belgian context needs therefore to be firstly focused on

agricultural pracices and conversion processes. Whether the latter are not anticipated to vary a lot from

average Swiss or European processes, agricultural practices are often, if not always, specific to local
conditions.

2.1.3.  Agricultural practices adaptation

As summarised inFigure 2, the cultivation of any crop takes several inputs and outputs. Ecolnvent data
relating to crop cultivation are detailed in the Ecoinvent repd No.15 "Life Cycle Inventories of Swiss and
Dtgnod m @f ghbtkstq k Ogqnctbshnm Rxrsdlr€ '"Mdl dbdj %

SSDScience for a Sustainable DevelopmentEnergy 13
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TECHNOSPHERE EMISSIONS
P Machinery production
Tractor & . Fuel combustion &
»| agricultural [ ” tyre abrasion
machinery Agricultural
field work
rocesses
» Fuel i
T _ Fuel production in
!
RESSOURCES J refinery
" Direct field emissions
Fe:s”tlisc?dr:s& » I('?rOp. P from fertilisers &
P cultivation pesticides application
A o .
 Fertilisers & pesticides
" production
> Seeds
L P Seeds production
NATURE

— Elementary flows of ressources between nature and technosphere
— Elementary flows of pollutants between technosphere and nature

Figure 2 DExamples of elementary flows considered in crop cultivation in Ecolnvent

— Agricultural work processes

Firstly, it is worth noting that Ecolnvent assumes that fields and meadows are not irrigated, as it is the most
frequent practice in Switzerland and Europe, and tallies with the data source used (Nemecek & Kagi,
2007). This staément is also valid for Belgium.

Agricultural work processes include operations such as land preparation (tillage), mineral and organic
fertilisers application, plant protection products application, sowing, harvesting, transport from field to
farm, etc.

In Nemecek & Kagi (2007), the following data are displayed for each agricultural work processes:

. machinery description;

. fuel consumption;

. emissions per hour (HC, NG, CO), calculated from emission models based on engine speed and
power;

. other emissions (CQ, SOz, CH4, N20, etc.) are calculated according to fuel consumption, thanks

to emission factors.

Machinery description and fuel consumption have been crosshecked with Belgian experts and related
emissions adapted accordingly(detailed results and calculéons are available in Deliverable D1 D
Database of environmental and soci@conomic impacts of bioenergy from agriculture)

— Agrochemicals production

Life cycle inventory data for the production of mineral fertilisers included in Ecolnvent represent the
Euopean average.
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They were compiled from different sources, requiring different procedures and assumptions, as detailed in
Nemecek & K&gi (2007). For these reasons they are not questioned in the TEXBIAG project.

Based on the targebrganism group,pesticides of agricultural importance can be broadly categorised as:

Y Herbicides (for weed control);

Y Insecticides (for insect control);

Y Fungicides (for fungal pathogen control);

Y Others (such as nematicides, bactericides, rodenticides).
Most modern synthetic organic pesticides are manufactured entirely from intermediates derived from
fossil fuels.
It is very difficult to obtain current, accurate and specific data on pesticide production. The reasons for this
is that detailed information on the production pro@sses is available to the pesticide industry, but not to
the public. Nevertheless LCA studies of agricultural production have shown the impact of pesticide
production to be fairly small, usually below 5% (Nemecek & Kagi, 2007). The toxic impact of the
subdance applied in the field, however, can be very significant.
Even though LCI data for pesticides in Ecolnvent refer to the situation in the USA, manufacturing
processes, which are patenrbased, would not differ greatly in Europe.
For these reasons, pestides manufacturing processes are not adjusted by TEXBIAG. The active
ingredients and applied amounts are compared and emissions modified consequently (see below).

Life cycle inventories for seeds are mod&d according to 5 steps:

Y seed production;

Y transpat to seedprocessing centre;

Y processing of the seed;

Y seed storage;

Y transport to final user or regional storehouse.
The seed of most crops are used in relatively small quantities. Life cycle assessment studies have shown
that the environmental burdens ofagricultural crops due to seed lie below 5% for most crops (Nemecek &
Kagi, 2007). For this reason, seed manufacturing are not adapted by TEXBIAG. Only the quantity of seed
required for the cultivation of a given crop is adapted and related emissions adagot accordingly (see
below).

2.1.4. Direct field emissions from fertilisers and pesticides application

As shown here above, the major adjustment to make regarding agricultural practices in Ecolnvent relates
to the direct field emissions due to fertilisers and pestides application during cultivation.

The models used in Ecolnvent to estimate emissions due to fertilisers and pesticides application are
detailed in Nemecek & Kéagi (2007) and related sources.

An Excel spreadsheet gathering formulae and calculations wased in order to adapt emissions according
to amounts of fertilisers and pesticides used in Belgian cultivation pathway&etailed results and
calculations are available in Deliverable D1DDatabase of environmental and socigeconomic impacts of

bioenergy from agriculture)
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Direct field emissions considered are the following:

Emissions of aamonia (NHs) to the air:

Causes eutrophication and acidification;

From slurry and liquid manure spreading;

From liquid sewage sludge;

From solid manure (from cattle &pigs) spreading;

P O L

From mineral fertilisers (%N emitted in form of NH);
Nitrate (NOz) leaching to ground water:
A Ccauses eutrophication when comes to surfac® N20 emissions;
A Model considers:
- N mineralisation from the soil organic matter per month;
- N uptake by vegetation per month;
- Ninput from the spreading of fertiliser;
- Soil depth and type;
- Crop rotation;
- Soil cultivation intensity.
Emissions of phosphorus to water:
A Causes eutrophication;
A 3sources:
- Leaching to groundwater;
- Runoff to surface water (rives);
- Erosion of soil particles to rivers;
Emissions of nitrous oxide (MO) to the air:

N

A Intermediate product of the denitrification process (N@ to N2);

N

A Also a byproduct of the nitrification process (NH to NO3);
A Model considers:
- Available N in fertilisers;

- Nin crop residues;

- N from biological N fixation (estimated by the quantity of N contained in the shoots of

legumes);
- Losses of N in the form of NH;
- Losses of N in the form of NQ;
Emissions of nitrogen oxides N®to the air;
A Produced in parallel ofN20 in denitrification process;

Nutrient inputs in agricultural soils: not inventoried because it is assumed that fertilisers cover the

needs of the plants;

Release of fossil C@ after urea application: during urea production process, C®is used, which
is released to the atmosphere after urea application and transformation in the soil;

Emissions of heavy metals (HM) to agricultural soil, surface water and ground water:

A Ccadmium (Cd), Chromium (Cr), Copper (Cu), Lead (Pb), Mercury (Hg), Kal (Ni) & Zinc

(Zn);

SSDScience for a Sustainable DevelopmentEnergy
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A Sources:

- Seeds;

- Plant protection products (mineral fertilisers, farmyard manure & pesticid®s
A 3 types:

- Leaching of HM to ground water;

- Emissions of HM into surface water through erosion of particles;

- Emissions of HM to agricultual soil (can be positive or negative).

2.1.5. Data adaptation for Belgian bioenergy routes

Considering priority chains (see sectior2.1.1) and available sources and experts for data collection, data
adaptation focused on the 4 four main energy crops for biofuels production in Belgium:

Y Maize (grain maize in Flanders, silage magin Wallonia);

Y Wheat;

Y Rapeseed;

Y Sugar beet.

Different scenarios have been considered for each crop, according to farm size, soil characteristicsl/or
fertilizers application.
Soil characteristics influence among others nitrogemineralisation rate from the soil organic matter
Selected cases are:

¢ low mineralisationrate: 90 kg NOs/ha.year

e medium mineralisationrate 150 kg NOs/ha.year

¢ high mineralisation rate: 250 kg NOs7/ha.year

Selected scenarios are the following:

e Grain maize (Flanders):

1. Big holding, without P & K fertilisation, on soil with a low mineralisation rate

Big holding, without P & K fertilisation, on soil with a medium mineralisation rate
Big holding, with P & K fertilisation, on soil with a low mineralisation rate
Big holding, with P & K fertilisation, on soil with a medium mineralisation rate
Smallholding, with N, P & K fertilisation, on soil with a low mineralisation rate
6. Smallholding, with N, P & K fertilisation, on soil with a medium mineralisation rate

o~ N

e Silage maize (Wallmia):

1. Big holding, without P & K fertilisation, on soil with a low mineralisation rate
Big holding, without P & K fertilisation, on soil with a high mineralisation rate
Big holding, with P & K fertilisation, on soil with a low mineralisation rate
Big holding, with P & K fertilisation, on soil with a high mineralisation rate
Smallholding, with N, P & K fertilisation, on soil with a low mineralisation rate
6. Smallholding, with N, P & K fertilisation, on soil with a high mineralisation rate

o~ w N

1. Without P & K fertilisation, on soil with a low mineralisation rate

! However, heavy metal inputs from pesticides are confirmed to be negligible, compared to other sources, such as atmospheric
deposition, manure and sewage sludge applications (Nicholson et al., 2003).
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2. Without P & K fertilisation, on soil with a high mineralisation rate
3. With P & K fertilisation, on soil with a low mineralisation rate
4. With P & K fertilisation, on soil with a high mineralisation rate
e Rapeseed:
1. Without P & K fertilisation, on soil with a low mineralisation rate
2. Without P & K fertilisation, on soil with a high mineralisation rate
3. With P & K fertilisation, on soil with a low mineralisation rate
4. With P & K fertilisation, on soil with a high mineralisation rate
e Sugar beet:
1. On soil with a low mineralisation rate
2. On soil with a high mineralisation rate

Detailed results and calculations are available in Deliverable DD Database of environmental and socio
economic impactsof bioenergy from agriculture.

2.2.  ENVIRONMENTAL AND SOQO-ECONOMIC EXTERNALIHS ASSESSMENT

Many bioenergy sustainability initiatives got down to the establishment of a list of environmental and
possibly sociceconomic sustainability criteria for biomass andbioenergy. From an extensive studyof
these initiatives (see Deliverable D2pit is possible to draw a list of themes or principles for which there is
a consensus.

Relevant sustainability criteria for biomass and bioenergy can be classified in 3 categoried)
environmental criteria, such as GHG emissions saving, carbon stocks conservation, environment quality
preservation, etc.; (2) socieeconomic criteria, such as food security, workers' rights respect, land property
rights respect, etc.; and (3) macrevel issues, mainly related to indirect laneuse changes (LUC), which
can have disastrous consequences on GHG emissions, biodiversity losses, seamionomic impacts, etc.

2.2.1. Environmental sustainability criteria and indicators

One of the universally claimed kenefits of bioenergy use is the reduced GHG emissions. Nonetheless it is
now recognised that bioenergy does not at all times lead to a reduction of GHG emissions compared to
fossil energy. The most consensual environmental sustainability criterion thereforconsiders a GHG
emission reduction potential of bioenergy, in comparison with a fossil fuel equivalent. For instance this
minimum GHG saving must be at least 35% for the RED (CE, 2009).

In addition to GHG reduction potential, above- and below-ground carbon stocks conservation is also
perceived as a crucial environmental sustainability criterion. Existing indicators mainly relate to payback
time, that is to say the period necessary to recover the carbon stock at a reference date.

Beside carbonrelated criteria, biodiversity protection and high conservative value areas conservation are
also decisive. Several conventions support the verification of these criteria, such as the Convention on
Biological Diversity or the Convention on International Trade in Bdangered Species (CITES) of Wild
Fauna and Flora.

Other widely recommended environmental sustainability criteria relate to the conservation of air, water
and soil quality and the sound use of pesticides. Various quantitative or qualitative indicators for
environment quality conservation are attached to these sustainability criteria.
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2.2.2. Socio -economic sustainability criteria and indicators

Beside its potential impacts on the environment, bioenergy also affects social and economic conditions. In
front of rising critics regarding adverse effects of the increased use of bioenergy, and biofuels in particular,
the urge for ensuring socieeconomic sustainability is more than ever felt.

However implementing mandatory sociceconomic criteria can also create conflicts wth the World Trade
Organization (WTO). This explains why the European Commission chose not to include soeszonomic
sustainability criteria in the new RES Directive and to focus on environmental principles only (GHG
emissions reduction, biodiversity andagricultural practices).

Nevertheless socieeconomic impacts on local weltbeing, working conditions, land property rights or
local prosperity are included in several sustainability initiatives (Cramer Commission, RTFO, RSPO, RSB
and many others). Qualitave indicators and existing (inter)national conventions support the
implementation of sustainability criteria related to socieeconomic conditions. Examples of these
conventions include the Global Reporting Initiative (GRI), the Universal Declaration of Hnan Rights and
conventions of the International Labour Organisation (ILO).

Considering the strained debates on whether or not socieconomic sustainability should be incorporated

in the new RES Directive, the European Commission offered to report from 20Xsh third countries and
Member States that are a significant source of (raw material for) biofuels consumed within the Community
(EC, 2009). Those reports will assess if EU biofuel policy has an impact on social sustainability in the
Community and in third countries, on the availability of foodstuffs at affordable prices and on the respect
of land use rights. Moreover reports will state whether the country has ratified and implemented
conventions of the International Labour Organisation (on forced labourrdedom of association, equal
remuneration, employment discrimination, child labour, etc.) or the Carthagena protocol on biosafety.
The Commission shall, if appropriate, propose corrective action; in particular if evidence shows that
biofuel production hasa significant impact on food prices.

2.2.3. Macro -level issues & indirect effects

Indirect effects of bioenergy are mainly related to indirect landise changes. Indirect landise change
occurs when pressure on agriculture due to the displacement of previous adti or use of the biomass
induces landuse changes on other lands in order to maintain previous level of (e.g., food) production
(Gnansounouet al., 2008). This is also called "leakage" or "displacement effect".

Indirect land-use changes may induce severatieplorable effects, such as greenhouse gas emissions
(through deforestation for instance), biodiversity losses, competition with food, local energy supply,
medicine and building materials, or prosperity and economic effects.

It seems not possible at the gesent state of knowledge to accurately assess the effects of indirect larsk
changes due to bioenergy production. Several challenges exist to accurately quantify emissions resulting
from indirect land-use at a global scale. A global trade and economic adel with country by country and
crop by crop data would be needed (Johnson & Roman, 2008)All the available studies at the moment
use general/partial equilibrium models. However, at present, only rough estimations based on
hypothetical cases are availale. No model has been developed or used to dowsscale indirect effects
lower than the national level and neither to predict the spatial relocation of displaced activities
(Gnansounouet al., 2008).
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Since indirect effects of bioenergy are impossible to asss at the company level and therefore cannot be
translated as it is into sustainability criteria, many sustainability initiatives, such as RED (EC, 2009),
Cramer Commission (Crameet al., 2007), UK RFTO (RFA, 2008), suggest entrusting Governments with
the monitoring of indirect land-use changes and leakage effects.

2.2.4. Externalities monetization methods

There is rarely a market to monetize impacts of soil quality on biodiversity. The Willingness To Pay (WTP)
of individuals to avoid these impacts or their Willingness To Accept (WTA) them if compensated for can
thus be used to monetize impacts or externalis.
Monetization is based on different techniques according to the type of impact or externality (Peareeal.,
2006, Atkinson et al., 2007, De Palma & Zaouli, 2007, Jenkinset al., 2007). If the externality affects a
good:

Y Used, its use can be actual, planned, or possible;

Y Not or passively used, its value can be of existence (for example, the value of threaten species),

altruistic (the value for the others), or bequest (the value for the future generations).

For used goods,revealed preference methods are suitable, for nomused goods, stated preferences
methods must be adopted. Another method is the Benefits transfers.

— Revealed preferences methods

Revealed preferences methods are based on existing or substitute market. Ifnarket exists for the
externality, its monetization is the market price. If there is no market for the externality, a substitute
market is used. Methods with substitute markets can be e.g. the travel cost method, the hedonic price
method, the averting belaviour method or the cost of illness method.

The Travel cost method monetizes an externality, a natural site quality for example, on the basis of
expenses made by people to go to this site (transport, time opportunity cost, frequency, accommodation,
etc.).

The hedonic price method monetizes an externality by observing related good market (Secchi, 2007). For
example, the value of noise can be assessed by the impact it has on house price. Problems are
multicollinearity (houses near roads are affected by noisgnd pollution) and potential lack of information

on externalities when buying on related market.

To monetize an externality, the Averting behaviour or defensive expenses method assesses all the
expenses people are ready to make to prevent this externaliffor example, the cost of doubleglazing to
prevent road noise).

Cost Of lliness (COI) is a type of Averting behaviour method applied to health externalities (ABT, 2003). It
represents all the costs, from diagnosis to cure or death, tied to morbidity due an externality.

— Stated preferences methods

Stated preferences methods are based on hypothetical markets (Fankhauser, 1994, Freeman, 1996,
Gallagheret al., 2003, Colombo et al., 2006, Groothuis et al., 2007).

To monetize externalities, Contingent valuaon method uses questionnaires to create a hypothetic market
"mc du  kt  sd bnmrtldgroe adg  ubktral B005). Vhdsknethog is cldse tb 2 +
marketing and has its advantages and limits (expensive, tirsensuming, questionable reliabk h s x hu( -
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Choice modelling (or Choice experiment method) is anothestated preferences method (Rambonilaza, et
al., 2007), quite similar to Contingent valuation method; it takes into account the different attributes of an
externality to monetize it.

Another alternative is the Deliberative monetary valuation. This method uses participatory deliberation to
monetize environmental changegBovea & Vidal, 2004, Spash, 2007)

— Benefits transfers

For all types of externalities, instead of assessing own WTP or WTA, which is quite timensuming and

expensive, Benefits transfers can be usedith et al., 2002, Bergstrom & Taylor, 2007)Benefits transfers

are the adaptation of existing studies and dabases to own context. They must be used carefully because

of important transfer limits: quality and accuracy of other studies, differences in coverage and unit,

differences between contexts (population characteristics, importance of externalities asseske( + ¢~ s~ f d -
etc.

— Monetization methods z conclusion

In the TEXBIAG framework, bioenergy externalities monetary value can be estimated through:
Y Market price,
Y Hedonic price,
Y Contingent valuation,
Y Benéefits transfers,
but also through:
Y Avoided damage costs,
Y Replacement costs,
Y Restoration costs,
Y Alternative or substitute costs.

2.2.5. Externalities interactions & qualitative model

The most relevant bioenergy externalities have been selected and indicators for their assessment are being
defined.

Since bioenergy externalities are not standlone impacts, selected externalities areeing articulated (see
Figure 3) into a qualitative model in order to identify causeeffect relationships, feedback, induced and
non-linear effects between them Systems dynamics and indicators are being used to describe and assess
these potential links.

The qualitative model defines links between externalities, stlied separately, and characterizes these
relations into positive (correlation), negative (inverse) or indeterminate.

SSDScience for a Sustainable DevelopmentEnergy 21



Project SD/EN/05- Decisiond ~ j hmf snnkr sn rtoongs sgd cdudknoldms ne ahn

Glob_al Climate
warming change
Carbon stocks GHG -
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use changes and water)
I
Competltlon Land.property Souall well- Local_ < Health
with food rights being prosperity

With A having an impact on B:

= when A increases/decreases, B increases/decreases (correlation)
=when A increases, B decreases (inverse relation)

= when A increases, B either increases or decreases (indeterminate relation)

Figure3 - Major bioenergy externalities and their relations

From this moddling, it appears that many interatons between bioenergy externéities are not
straightforward.

Many of them are time or space dependent. Agricultural practices vary a lot from one region to another;
indirect effects are far from being understood and assessed correctly, laggm effectsof climate change

are still unknown, etc.

The qualitative model is iteratively refined through interactions with experts in workshops and
brainstorming sessions. Since a lot of research efforts are still ongoing on many of these parameters
(climate change,biodiversity, indirect effects, etc.) it is also important to keep an eye on scientific releases
in order to improve this model.

2.2.6. Indicators for externalities assessment & summary

Qualitative and/or quantitative indicators enabling the assessment of trebove-mentioned environmental

andsociocd bnmnl hb dwsdgm khshdr “~gd cdrbghadc hm Cdkhudqg’
The table below summarizes studied externalities, potential qualitative and/or quantitative indicators and
monetization possibilities. In case no monetiation is possible a qualitative assessment using a "traffic

light" code is used. This aims at drawing attention on potential risks for a given externality.
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Table Il - Summary of indicators and monetization possibilities for the asssment of bioenergy
externalities

Externalities Sustainability criteria Indicators
GHG emissions - Global warming ’I:Q @
Climate change
Air quality Q @ rm
Environmental  [Environment : .
. .
externalities quality Soil quality Q ©
\Water quality Q @ (.
Biodiversity Biodiversity Q @
GMO [rm
Local prosperity Q
\Working conditions (rm
Socio-economic |Property rights rm
externalities Local well-being mn_|
Competition with food [
Energy security mn_|
Macro-level Indirect land -use change ? ?
externalities
Q : Quantitative indicator(s)
@ : Monetization possible
[rm . Traffic lights to assess potential risk

Monetized and non-monetized indicators are displayed in tables with all monetized, quantitative and
qualitative information on each bioenergy route selected (one table per bioenergy route). These tables
allow policy makers to take into account all dimensions of sustainable development in their choice of the
best bioenergy routes to support.

2.2.7. Externalities assessment of selected bioenergy routes o results

Applying qualitative and/or quantitative indicators and monetization possibilities to cultivation pathways
enables producing interesting comparisons betweestudied biomasses. Selected results arediscussed
below.
It is worth noting that calculations focuson elements that were adapted to the Belgian context: that is to
say, direct field emissions due to phytoproducts adaptation and agricultural work processes (tractors and
machinery consumption and emissions). Even tough also consequent, impacts of phytogucts and seed
manufacturing, machinery production and fuel refining are not included in the results displayed here after
except for wheat and rapeseed in the calculations run by SPA (see sects).
The following impacts are considered in subsequent sections:

e Quantification of GHG emissions for the cultivation step

e Qualitative impact on water quality

e Quantification of acidification and eutrophication potentials

e Qualitative impact on soil quality

e Impact of deposition of pollutants on biodiversity

e Job creation relating to cultivation

e Qualitative assessment of socieconomic impacts

e Monetization of impacts
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2.2.8. Quantification of GHG emissions for the cultivation step

Simply balancing CQ absorbed by crop growth with GHG emissions for the cultivation of this cromot
surprisingly shows negative GHG emissions. However it is crucial here to mention that these calculations
do not include GHG emissions relating to landuse change.

Furthermore, only the cultivation step is considered here. More complete calculations are made through
SPA software in the policy prediction tool (see sectio.3).

GHG emissionkg CQeg/ha.year)

0,00 +

-5000,00 -

-10000,00

maize silage
maize silage
maize silage

-15000,00

-20000,00

-25000,00

-30000,00

-35000,00

Figure4 DGHG emissions associated with the cultivation step

2.2.9. Qualitative impact on water quality

Some substances emitted on field during cultivation affect water quality. Beside the quantification of
acidification and eutrophication potentials (see below), the model combineseveral factors to provide a
qualitative assessmenftraffic lights)of crop cultivation on water quality:
Y nitrate leaching risksaccording to previous crop, soil type and climate conditions(assessed for
local crops only);
Y nitrate, phosphorus and phosphate emissions to rivers and groumhter,
Y irrigation (impact on water stocks).

Figure 5 compares emissions impacting water quality for considered crops and scenarios (locally
produced and imported).
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Figure5 DDirect field emissions having an impact on water quality

For reasons of clarity, nitrate emissions can be withdrawn from the graph in order w@sualize more

clearly other emissions.

Direct field emissions impacting water quality (kg/ha.yea

B Phosporus (kg P) to rive

[ Phosphate (kg PO4)3o river

W Phosphate (kg PO4f3o ground
water

Figure 6 - Direct field emissions having an impact on water quality (except nitrate emissions)
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A first look at these graphs shows that imported crops haweworse impact on water quality due to nitrate
leaching to groundwater. Furthermore imported cropsare sometimesirrigated (such as corn in the USA),
impacting water stocks.

The inclusion of nitrate leaching risk for locally produced scenarios enables assigning traffic lights
regarding water quality aspresentedbelow.

WATER QUALITY
Bioenergy route Cultivation Comment
Grain maize (@] If ma?ze follows other crop (part of rotation)
8 If maize monoculture
Silage maize O Nitrate, phosphorus/phosphate emissions to river and ground-water
Rapeseed Low nitrate & phosphorus/phosphate emissions
Sugar beet Low nitrate & phosphorus/phosphate emissions
Wheat O Nitrate emissions important + potential risk of leaching
Corn US (8] High nitrate & phosphate emissions to river
Palm O Nitrate emissions important + potential risk of leaching on degraded 5
Soybean (@] Phosphorus & nitrate emissions
Sugarcane Low nitrate & phosphorus/phosphate emissions

Figure7 DSummary of qualitative assessment of impact on water quality

2.2.10. Quantification of acidification and eutrophication potentials

Acidification potential is expressed in kg S@eq. Substances taking part to acidification are sulphur
dioxide (1 kg SGeq), nitrogen oxides (1 kg NQ« = 0.7 kg SOz2eq), ammonia (1 kg NH = 1.88 kg SO2eq)
and hydrogen chloride (1 kg HCI = 0.88 kg SCeeq).

Eutrophication potential is expressed in kg P&eq. Substances taking part to eutrophication are nitrogen
oxides (1 kg NO« = 0.13 kg POs*eq), ammonia (1 kg NB = 0.35 kg POs*eq), phosphorus (1 kg P =
3.06 kg POx*eq) and phosphate (1 kg P& eq) (Tchouate, 2003).

Results for acidication and eutrophication potentials are displayed in the figures below.

SSDScience for a Sustainable DevelopmentEnergy 26



Project SD/EN/O5- Decision| *~ j hmf snnkr sn rtoongs sgd cdudknol dms
Acidification potential (kg S¢@g/ha.year)
180,00
160,00
140,00
120,00
100,00
80,00
60,00
40,00
el W
0,00 - ; — B I ; ; ; ; ; ;
'&S) Q'b\é\ 00% (\Q)Q\ N “° z‘z’b g ) 5 ) o
9 &° @° N & & 2’ &® & & A »
¢ NN NN AT S S < < D) D)
(&) 9 S < ¥ O < <
5 5 ,\,\g/ .\,‘,Q/ Qoo \>°0 Y v
& @ ° ° & &

Figure 8 TAcidification potentials for 1 ha of crop

Eutrophication potential (kg P@eqg/ha.year)
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Figure9 DEutrophication potential for 1 ha of crop
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Both graphs show better results in terms of acidification and eutrophication for imported crops. Among
locally produced crops, gain maize has the worst effect, while other crops (silage maize, rapeseed, sugar
beet and wheat) have similar results.

2.2.11. Qualitative impact on soil quality

Two factors are combined in order to assess raw material cultivation impacting soil quality: thisk of soil
compaction and the impact on soil organic carbon.
Results were produced for locally produced biomass only and are summarised in the table below.

Table IV DQualitative assessment of impact on soil quality, through soil empaction and impact on soil
organic carbon

SOIL COMPACTION
Bioenergy rout§  Risk Rotation Work processes
a if maize monoculture or follows potatogs
Grain maize (@] if follows maize or sugar beet, chicory [No tillage, leguminous green manure and by-products not buri
if follows maize or sugar beet, chicory |Tillage, leguminous green manure and by-products buried
a if maize monoculture or follows potatods
Silage maize (@] if follows maize or sugar beet, chicory |No tillage, leguminous green manure and by-products not buri
if follows maize or sugar beet, chicory |Tillage, leguminous green manure and by-products buried
Rapeseed
Sugar beet (@] No tillage, leguminous green manure and by-products not buri
Tillage, leguminous green manure and by-products buried
a if follows potatoes, endives or carrots |Tillage, leguminous green manure and by-products buried
Wheat (@] if follows maize or sugar beet Tillage, leguminous green manure and by-products buried
if follows lineseed or rapeseed Tillage, leguminous green manure and by-products buried
a if maize monoculture Tillage, leguminous green manure and by-products buried
Bioenergy routd  Risk SOIL ORGANIC CARBON
a Tillage, leguminous green manure not buried but by-prod burried
ALL @] No tillage, leguminous green manure & by-products not burried
Tillage, leguminous green manure and by-products buried

This table demonstrates the sensitivity of results regarding cultivation options. Even toughsimpler
option, crop cultivation should not be considered as isolated and impact should take into account crop
rotation and the place of the considered crop in this rotation. Work processes also impact soil quality and
should be accounted for in any studied scenario.

Furthermore these qualitative assessments cannot consider the influence of weather conditions on soil
structure, varying from one year to another.

2.2.12. Impact of deposition of pollutants on biodiversity

The impact of deposition of pollutants on biodiversity is expessed in dPDF/m2.a according to a model
developed to assess the impacts of airborne emissions of acidifying substances3@Dx, and NHs) on
natural ecosystems in the Netherlands (Goedkoop & Spriensma 2001).

Results are shown below.
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Impact of deposition of pollutants on biodiversity (dPDF/mz2.¢
2500,00
2000,00
1500,00
1000,00
500,00
0,00 -
cornUS palm soybeansoybean sugar maize maize rape rape sugar sugar wheat maize maize
us BR cane silage 14silage 56 seed 12 seed 34 beet-1 beet-2 grain 4 grain 56

Figure 10 DImpact of deposition of pollutants on biodiversity

It is worth noting that this model does not take into account the impact of landse change, such as
deforestation, on biodiversity. If better results are attributed to imported cropshis has to relate to less
edgshkhrdqrgqg trd-

2.2.13. Job creation relating to cultivation and conversion

As described in Deliverable 4, job creation data has been extracted from GEMIS. Results in terms of job
creation (direct and indirect jobs) for 1 ha of cultivéed land are shavn below (figures for corn US and
silage maize are not available for part of the chain or for the whole chain and thus are not considered
here).

Local prosperity- job creation per ha

0,120

0,100

0,080

0,060

m conversion

0,040 m cultivation

0,020

0,000
palm soybeanrape seed sugar sugar beet wheat maize
BR cane grain

Figure11 DJob creation per ha of cultivated land
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Results show the biggest jokcreation for palm biodiesel This relates first to the cultivation step that
requires considerable man effortbecause of the manual harvestSecondly, results expressed in jobs per
ha are also more important for palm becausehis crop has a significantly higher yield compared to the

other.

Results for mw material for biodiesel production show again the advantage of palm methyl ester in terms

of job creation per ha.

Biodiesel- job creation/ha
0,120
0,100
0,080
B conversion-esterification
0,060 . .
conversion-milling
0,040 |— cultivation
0,020 —
0,000
palm soybean BR rape seed

Figure 12 DJob creation for biodiesel production per ha of cultivated land

ne

However, while expressed in jobs per energy content (TJ), results are quite different, as illustrated in the

figure below. In terms of energy content, both imported biodiesel (palm and soyan) create more jobs
than their locally produced equivalent (rapeseed). This is explained by the more important rate of

mechanization in local productions (both cultivation and conversion).

8,00E-01

Biodiesel- job creation/TJ

7,00E-01-
6,00E-01 -
5,00E-01+
4,00E-01+
3,00E-01+
2,00E-01+
1,00E-01+

m Conversion-esterification
Conversion-milling

Cultivation

0,00E+00

Palm oil Soybean Rapeseed

Figure 13 - Job creation for biodiesel production per TJ
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The same observation is made for ethanol production where sugarcane comes first in terms of job creation

per ha but is overtaken by wheat in terms of energy content.

Ethanol- job creation/ha

0,02
0,018
0,016
0,014
0,012

0,01
0,008
0,006
0,004
0,002

sugar cane  sugar beet wheat maize grain

m conversion

m cultivation

Figure 14 DJDb creation for ethanol production per ha of cultivated land

Ethanol- job creation/TJ
1,60E-01

1,40E-01

1,20E-01+
1,00E-01+
8,00E-02+
6,00E-02
4,00E-02+
2,00E-02

0,00E+00-
Sugarcane Sugar beet  Wheat Maize grain

m Conversion

m Cultivation

Figure 15 - Job creation for ethanol production per TJ

2.2.14. Qualitative assessment of socio -economic impacts

As described in section2.2.2, socio-economic externalities are assessed qualitatively. Results are gathered

in TableV.
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Social well-being mainly refers to working conditions. Child labour possibly involved in crop cultivation
such as palm, soybean and sugarcane consequently awards them a red light.

Similarly property rights may also bethreatened in those3 bioenergy routes.

Since each studied route involves crops usually used for food production, allioenergy routes should
receive a yellow traffic light regarding those impacts.

Finally energy security was assessed according to Ducroi@redit Insurance.

From this table it appears that soybean cultivated in Brazil and sugarcane are less favourable from a socio
economic point of view.

Table V DQualitative assessment of soci@conomic externalities

ne

Bioenergy routes | Social well-being Property rights Competition with food Energy security
Wheat O
Rapeseed @)
Grain maize O
Silage maize O
Sugar beet O
Palm 5 0 0
Soybean US O O
Soybean BR 2 (@] O 8
Sugar cane a 0O O a
Corn US (@) (@)

2.2.15. Monetiz ation of impacts

According to methodology summarized in section2.2.4, a monetary value has beercalculated for the
following categories of impacts:

e GHG emissions impacts on human health;

e Airborne emissions impacts on human health

e Heavy metal emissions impact®n human health;

e Airborne emissions impacts on biodiversity.

— GHG emissions impacts on human health

GHG emissions impacts on human health receive the following values:

e CO02=834E-2 A . j f:

e CHs=265E-0 A. | f:

e NN < 0-16D*0 A. | f-
Results are presented belowThe cultivation step, even showing negative GHG emissions (due to GO
absorption by plant growth), havemore varied results in terms of monetization.This is explained by the
monetary value that differs from one greenhouse gas to the other. Once again uks will be more
significant once displayed for the whole bioenergy chair(see end of this section)
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GHG impact on human healthg/ha.year)
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soybean BR

maize silage
maize silage 3!
maize silage %
rape seed 12
rape seed #4

Figure 16 DMonetary value of GHG emissions impact on human health, for the cultivation step

— Airborne emissions impacts on human health

Emissions to air impacting human health are monetized as follows:

Sulphur dioxide S&< 0-10D*0 A. j f:

Nitrogen oxides NOx< 7 - 37 A . j f:

AmmoniaNHs< 2-07D*0 A. jf:

O qshbkd | "ssdq OL// < 1-01 A.jf:

O gshbkd | "ssdq OL14 < 1-8/D*0 A.jf:
Non-metal volatile organic compounds NMVOC =280 A . | f -

Results show again an advantage for imported crops, related to less phytoproduct use.

3500,00

3000,00

Emissions to air impact on human health /ha.year)

2500,00

2000,00

1500,00

1000,00

500,00

0,00

corn US

palm

‘<.——.—v—_—v—_—vj T I T I T I T I T I T I T E

soybean USsoybean BRsugar canemaize silagenaize silageape seed 1 sugar beet wheat 1-4 maize grainmaize grain
1-4 5-6 4 1-2 1-4 5-6

Figure17 DMonetary value of airborne emissions impact on human health, for the cultivatiorstep
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— Heavy metal emissions impacts on human health;

Heavy metals emissions impacts on human health are monetized as follows:

e B cl htl Bc< 0-23D*1 A.jf:
e Bgqgnl htl Bg < 2-36D*0 A.jf:
e ChromumCrUH < 0-63D*1 A. f

i
j

e Kd c Oa < 3-16D*1 A.
e Mercury Hg=1.16E+4 A . j f :
e Mhbjdk Mh < 5-01 A.jf:

e @qrdmhb @ < 7-47D*1 A.jf-
Results displayed in the graph below show important differences between selected sceoarifor locally
produced crops. This is explained by heavy metal emissions variation between fertilisation schesne

Heavy metal emissions impact on human health /ha.year)
9,00
8,00 I .
7,00 | B
6,00 I .
5,00 | B
4,00 I .
3,00 — |—— I .
2,00 — — |—— I .
1,00 1 — — EEEN  E——— I .
0,00 T T
100 @"(ﬂ Qf N R P R > gbh P UG S N
< o&oejb o&oe:b c,\)o‘? “’\\’s}g, “’@% ‘5@)& e"ez Qf’ez 'b{o?/ 'b“oz é(\éb 3(3? q,°<§®<\\ Q’%@\Q q,°§b\0
M & & & &S & & &

Figure 18 - Monetary value of heavy metal emissions impact on human health, for the cultivation step

— Airborne emissions impacts on biodiversity

Emissions to air impacting biodiversity are monetized as follows:

Sulphur dioxide SOz = 7.39E-0
Nitrogen oxides NOx< 0 - 58
AmmoniaNHs< 4- 03 A.

A

A

A
if-
Results show again the same trend: advantage for imported crops, related to less phytoproduct use, with
the worse score for grain maize.

j

f:
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Emissions to air impact on biodiversity ¢/ha.year)
500,00
450,00
400,00
350,00
300,00
250,00
200,00
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50,00 :. .
0,00 - . — . e [ . . . . . . .
corn US palm soybean USoybean BRugar cane maize maize rape seed sugar beet wheat maize grairmaize grain
silage 4 silage 56 1-4 5-6

Figure 19 - Monetary value of airborne emissions impact on biodiversity, for the cultivation step

— Monetization of cultivation and conversion steps for wheat and rapeseed

Additionally calculations made in section 2.3 allow calculating monetization impacts also for the
conversion steps, for wheat and rapeseed.
Results are presented in the graphs below.

GHG emissionsimpact on human health
(e/ha.year)

350

300

250

200

- .
150 Conversion

m Production
100

50

Wheat 1-2 Wheat 3-4 Rapeseed 1Rapeseed 3-
2 4

Figure 20 DMonetization of GHG emissions impact on human health
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Air emissions impact on human health
(e/ha.year)
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1400
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1000
800 m Conversion
600 = Production
400
200
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Wheat 1-2 Wheat 3-4 Rapeseed 1-2Rapeseed 3-4

Figure21 - Monetization of airborne emissions impact on human health

Heavy metal emissionsimpact on human
health (€/ha.year)

25,00
20,00
15,00

m Conversion

10,00 = Production
5,00
0,00

Wheat 1-2 Wheat 3-4 Rapeseed 1-Rapeseed 3-4

Figure22 - Monetization of heavy metal emissions impact on human health
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Air emissions impact on biodiversity
(e/ha.year)
250,00
200,00
150,00 —— —
m Conversion
100,00 1 Production
50,00 — —— —
0,00
Wheat 1-2 Wheat 3-4 Rapeseed 1Rapeseed 3-
2 4

Hgure 23 - Monetization of airborne emissions impact on biodiversity

All those figures show a greater contribution of the cultivation step compared to the conversion step.
Wheat has a global score generally better than rapeseed pesially regarding the impact of the conversion
step. The greatest costs are attributable to the impact of airborne emissions on human health.

2.2.16. Conclusions

Except in terms of nitrate leaching, imported crops generally show a better environmental result, mki
due to less phytoproductsapplication. However from the socioeconomic side, imported crops are more
controversial.

Among locally produced crops it appears that grain maize has much worse effect on the environment
compared to the other considered crops. Now current trends show a transition in Belgium fromilage
maize towards grain maize. This shift is explained by the increasing inclusion of starch in animal feed
rations required by newly developed animal breeds. This means that the environmental impact of grain
maize should be accounted fowhile choosing between silage or grain maize.

The examination of thesegraphsunderlines the sensitivity of results towards cultivation pathwaysnd the
choice betweenwork processes options.

The main conclusion drawn from these figures and calculations is that even if default values exist for
bioenergy production routes and are commonly accepted, it should remain possible to propose data
adaptedto the local context.

The database and models developed by this project can be of great support to this process, allowing the
user, whether a decisioamaker or a producer, to compare options between several bioenergy routes and
their cultivation pathways.
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2.3. SYSTEM PERTURBATIONNALYSIS

2.3.1. System Perturbation Analysis methodology

The System Perturbation Analysis methodology (SPA) considers a given system where resources are
transformed into products via a set of documented conversion routes as shown Figure 24. These
conversions lead to impacts such as GHG emissions, land requirements and energy use.

n; impacts
emissions, energy use, land use, é

System =Belgium

n. biofuel
conversion

n, resources
matter,energy, | and

N, products
automotive power, electricp o we r

Figure24: SPA systenwith resources, conversion routes, products and impacts

A single resource can be converted to different products simultaneously (eg.-pooducts). Besides the
major resources, each route consumes salled utilities, which in their turn can be consideredas separate
types of resources. The contributions to the different kinds of impacts arise not only from resources and
products but also from the utilities and must therefore be calculated in a cautious way, in order to avoid
double counting. More detailed information on the SPA methodology and supporting background
equations can be in found in a paper about biomass use assessment via SPA (Bram, 2009).

The objective of a system perturbation analysis is to determine the variations of considered impacts on a
system (in casu Belgian) when conventional resources are replaced by alternative ones (e.g. 1MJ gasoline
replaced by 1 MJ ethanol from wheat). To calculate these impact variations, a single resource is perturbed
with a certain magnitude (e.g. import reductdn of 1 ton of gasoline per year). The demand side is
managed through a boundary condition which keeps all product amounts at constant level. This
automatically implies necessary perturbations of other products and guroducts as depicted inFigure 25.
When all perturbations are compensated, the variations of the impacts can easily be calculated. SPA can
be considered as a consequential LCA where the stgm is expanded to the Belgian border. SPA does not
use allocations within the considered system.

variations of impacts

variation of one resource emissions, energy use, land use, é

ag,

biofuel System =Belgium
conversion

routes

compensated | by

M

variations of
other resources

frozen amountof products
automotive power, electricp o we r

Figure 25: SPA scenario perturbation and compensations of the system
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Every scenario in SPA is a set of perturbations of resouscand impacts. It is therefore possible to define
evaluation criteria based on certain ratios of these perturbations. These criteria allow for a systematic
comparison of different SPA scenarios. The six criteria that were used in the original SPA are shawn
Table VI.

In this table, the produced and avoided energy flows are net values, hence after compensations for
consumed utilities and producedco-products. Energy and GHG balances are real, provided the used data
and import compensations correspond to reality. Criteria A and B indicate to what extent the produced
renewable energy really reduces fossil energy use. Criteria C and D show avoided GH&nissions as
function of fossil energy use reduction. Criteria E and F show how the use of land is related to a reduction
in fossil fuel dependency and to GHG emission reduction within a system.

Table VI: SPA criteria and corresponihg perturbation ratios

SPA criterium system perturbation ratio
A Energy efficiency world GJyim avoided worldwide / GJyenew Produced worldwide
B Energy efficiency Belgium GJissi import to Belgium avoided / GJenew produced worldwide
C Energy specific GHG emissions  world kg CO,eq avoided worldwide / GJpim avoided worldwide
D Energy specific GHG emissions Belgium kg COyeq avoided in Belgium / Glyessi import to Belgium avoided
E Energy specific land requirement Belgium hectare in Belgium / GJissi import to Belgium avoided
F GHG specific land requirement  Belgium hectare in Belgium / ton CO,q avoided in Belgium

2.3.2. New development within TEXBIAG

The interest for SPA has encouraged the authors to participate in the TEXBIAG project and to improve the
SPA instrument in several respects. An upgraded approach has resulted which for conveniencdl e
named SPA2, against the former SPA1.
The following incentives led to the definition of SPA2:

a. Extension to other impact types (including 'externalities’)
Connecting the resources, conversion routes and impacts data to major data bases
Increased flexbility in use
Solve inherent problems inside SPA1 (utilities, route description, a.o.)
Maximum automatism in use, in order to deliver a tool for general use.

f.  More flexibility in inside/outside allocation of processes
In the first phase of the Texbiag project, most attention was given to aspedisand e. The Ecoinvent
database was chosen as the major resource for getting detailed data, automatically including aspect
through more than hundred different and detailed impacts.
The structure of the original SPAL is shown irrigure 26. Data were to a large extent obtmed from the
CONCAWE report, but much missing information had to be searched through extensive literature surveys.
Data were introduced manually in worksheets where a standardised input of data was programmed for the
different route steps. Each input hatb be located inside or outside of the system.

® oo o
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user:
manual data input
Mainly CONCAWE
user
| F _
| | scenarios
Route detailg .
sarouts | | fouesymtoss | | seas
MJ and CO2 9 matlab balances
impact data 54 routes
Excel Excel
Figure 26: Outline of the original SPA software
user user
[ data scenarios
modifications
_ SPA 2
Ecoinvent Route synthesis SPA
full data ‘?[TtLaCt'Ona | All Ecoinvent impact categories : balances
matla

matlab

Figure27: Tentative SPA2 outline

At the end of phase 1, the ambition was to realise a package outlined Figure 27. In this approach, the

whole package adhered strictly to Ecoinvent. One goal was to fully automate the entire data extraction
process and to have all imaginable data within Ecoinvent at theigposal of the SPA user in no time.
Unfortunately - and although the data extraction works perfectly this approach had to be abandoned in

the last phase of the project, for the following reasons:

Y Incompatibility between Ecoinvent and SPA regarding the malling of multi-output processes and

cyclic process loops.

< o< o< oL

Overwhelming amount of information, where only a fraction is needed.
Major difficulties in data modifications, because of incompatibility with Ecoinvent.
Still missing data, even in Ecoinvent.
No flexibility because of Ecoinvent adherence.

ne

For these reasons, a drastic change in approach was realised in the last months of the Texbiag project, and

the final approach as depicted inFigure 28 has been applied. In this approach the data supply and the
SPAZ2 package are completely separated, thus allowing any type of data input.
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The Ecoinvent data extraction is of course not lost work, but is now cortgéred as a separate tool. The
interface between the data supply and SPA2 now occurs through excel templates, which are made as
simple, flexible and user friendly as possible. The templates can be generated by the Ecoinvent data
extraction tool from Ecoinvent data or from within SIMAPRO. The templates are also suited to fully
reproduce the original LIBIOFUELS data or simpler biofuel problem settings, and are capable of using
other data types such as those provided within TEXBIAG or underlying data from theEBR directive
(Biograce, 2009). SPA2 also allow for easy addition of extra impact categories.

The two interface excel data tables are based on only two instructions which are able to describe the
routes and streams with all required details.

user, manual data input :
» Ecoinvent data extraction
* SIMAPRO dataextraction
» CONCAWE

» Local data (NUTS2, EU,..)

.\‘-—__._____,.
Templates user
| | i
I scenarios
|
Route detaild
h routes >
Excel SPA 2
B Route synthes_is SPA
I Impact categories | balances
N | from Stream template
Stream
details g
Excel

Figure28: Final SPA2 outline

2.3.3. Route template description

The route description template is shown inTable VII. The route is described step by step, where each step
corresponds to an ingoing or outgoing stream connected to the 'action' in the second column. The
‘action’ is pretty similar to a 'unit process' in Ecoinvent but it can interpreted in a more flexible way. The
first column specifies the phase where the process or action takes place. The traditional sequence of
Production, Transport, Conversion, Distribution and Endise is maintained in the sbbwn example. Other
denominations can be used and if so, they will be automatically taken over by the SPA2 program. The
second column is an alphanumeric description of the action or process within the category. The third
column tells what connection is consdered.
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The possible 'operators' are as follows:

Y Needs
Y Makes
Y Creates
Y Loses

‘Needs' merely corresponds to an input to the process. It is irrelevant where this input is coming from,
since this aspect will be treated through overall balancing. The inpustream’ is not necessarily a material
stream, it can virtually be anything. 'Makes' merely corresponds to an output stream. It is again irrelevant
where this stream is going to.

‘Creates' is similar to 'Makes' but it indicates something which comes 'out bthe blue'. For example,
wheat grown within the system is ‘created'. The difference with 'makes' is that this wheat is not materially
imported but literally comes from within the system as a source term.

‘Loses' is the opposite of ‘Creates'. It represestfor example the wheat lost during transport. It might also
be used for heat or other losses. These streams act as a sink into the system.

The amount of ingoing and outgoing streams is unlimited, which solves the problem of mutiutput
processes, and iincludes the harmful emissions or any other impact categories. As will be explained in
the next section the 'stream’' may also be a set of substreams defined in the stream template. In this way
identical processes used in several routes can be introducedhly one time as a set of substreams, e.g. the
full wheat cultivation process. Such 'shortcuts' considerably simplify and reduce the amount of lines in
the templates.

The stream quantity is the product of the columns 'quantity’ and 'multiplier’, where the raltipliers can
correspond to a conversion factor. This split makes it easier to work with references per unit of stream. In
the example shown inTable VIII, 1 ha of land yields 8.8 tonnes of wheat and 1% is lost during transport,
which reads easily in the multiplier column.

The last column tells to what extent the connection is to be considered as within the system, expressed
in %.

The sequence of routedescriptors is irrelevant, except for the first and the last one. The first is considered
as the 'anchor' of the route and this stream is automatically considered for perturbation, which occurs by
changing this stream with one functional unit. It is thertore advised to use the value 1 in the columns
‘amount' and 'multiplier'. The last line is automatically considered as the prime product generated by the
considered route. It is therefore strongly advised to use a stream of the type 'epbduct’ there, which is
typically in kilometres, kWh electric or kWh heat. Since the available surface must be kept constant, a
route 'making' hectares is also advised for easier analysis, but this is not a must.
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Table VII: SPA2 Route template exam (LIBIOFUELS Route 9)

Route ID g | |

Route name YWheat on set aside land for ethanol, straw for heating
Category Action Operator |Stream Quantity Multiplyer|unit % system
Production Yield needs wheat cultivation 1 1|ha 100
Production Yield creates  |wheat 8.0 1ton 100
Production Yield creates | Straw 4.4 1|ton 100
Production Yield loses Siraw 4.4 1ton 100
Production Yield creates  |Energy renewable -207020 1M 100
Transport Losses loses WWheat 0.01 8.8]ton 100
Transport To farm needs Km truck 23 8.8|ton.km 100
Transport To depot needs Kim truck 145 8.8[ton.km 100
Transport Depot needs Electricity 116 8.8|kWhe 100
Transport To conversion site needs Km ship inland 116 8.8[ton.km 100
Conversion Yield needs Wheat 1 8.71ton 100
Conversian Yield makes Ethanal 0.295 8.7 1 [tan 100
Conversion Milling needs Electricity 123 8.71 | k¥he 100
Conversion Hydrolysis to distillation |needs Steam 847 8.71 kg 100
Conversion Dehydratation needs Steam 5 8.71 kg 100
Conversion Drying needs Steam 594 8.71 kg 100
Conversion Boiler needs Straw 0.31 8.71ton 100
Conversion Boiler makes Steam 1546 8.71 kg 100
Conversion Yield makes DDGS 0.371 8.71ton 100
Conversion Plant construction needs Other primary ener B2.8 8.71|MJ 100
Distribution To blending needs krm ship inland 100 2.57 [ton. km 100
Distribution Tao distributar needs krn truck 200 2.57 [ton. km 100
End use Yield needs Ethanol 0.295 8.71ton 100
End use Diriving makes Kim 11964 2.57 [km 100

2.3.4. Stream template description

The stream template illustrated inTable VIII is more complex in nature than the route template because
streams must be divided into several categories. Also, the stream template contains important shortcuts. As
a minimum, it must contain all the streams that are used in the route description, but it also contains
substreams and streams that lead to impacts which are not necessarily used in the route template.

The first columns identify the streams and their units, which must be coherentith the streams already
defined in Table VIII (no unit conversion is considered for the time being). The third column is similar to
the 'operator' in Table VIII; the following operators are allowed:

Includes

Endproduct

Impact

Balanced

If a stream is merely a shoftut, thus only bundling other streams specified in the fourth column, the
operator 'includes' must be used. It is essential not to use 'makes' or 'needs' in such cases because of
possible sign inversions in the stream, with other words a 'needs' must remain a 'needs’, etc. With
‘includes’ it is possible to include simplified process units in the stream template, in particular if the
stream or process is identical in several routes, thus simplifying the data supply. In the last partTable
VIII the whole cultivation process of wheat is described as a stream bundle as an example; the actions can
still be given in comment to provide more clarity. The wheat production data are thus introdted only
one time.

< o< o< o<
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'‘End-product’ means the stream is an open end, and it corresponds to one of the end products considered
by SPA1 and SPA2. The type 'engroduct' automatically means the balance of this stream is frozen, and
it therefore needs no furtherescription since it will not vary during the analysis.

ne

'Impact’ is also an open end, but it corresponds to all the other desired or undesired streams such as for

instance CQeqg or any other emission or impact factor. These streams also do not need further

description.

Table VIII: Stream description, including several shortcuts (LIBIOFUELS route 9)

% Stream Unit Operator |Stream Amount |Unit |%system |[Comment
Yo

% impact

Energy non renewable |MJ impact 100

Energy renewable hd impact 100

COZeg kg impact 100

Set aside land ha impact 100

Yo

coz kg includes CO2eq 1lky 100

CH4 kg includes CO2eq 23lky 100

N20 kg includes CO2eq 296 ky 100

Yo

% end products

krm krm endproduct frozen
electricity kiWvhe |endproduct frozen
heat kiWwhth  |endproduct frozen
DDGS ton DOG|endproduct frozen
straw ton strawendproduct frozen
Surface ha endproduct frozen
Yo

% utilities all imported

Zasoline kg includes Energy non renewable 432[ 100
Zasoline kg includes Energy non renewable 5.05 (W 0
Zasoline kg includes coZ -3.191ky 100
Zasoline kg includes coZ -0.54 kg 0

Y

Diesel kg includes Energy non renewable 431 100

Diesel kg includes Energy non renewable 5.90 (M 0

Diegel kg includes coZ -3.151kn 100|shorcut
Diegel kg includes coZ -0.61 [kn Olshortcut
Y

Heawy fuel il kg includes Energy non renewable 40.5(W 100

Heawy fuel il kg includes Energy non renewable 405k 0

Heawy fuel il kg includes coZ -3.268 ko 100|shorcut
Heawy fuel il kg includes coZ -0.27 ko Olshortcut
%

Matural gas kg includes Energy non renewable 44.5(h 100

Matural gas kg includes Energy non renewable 21 0

Matural gas kg includes co2 -2.51 ko 100|shortcut
Matural gas kg includes co2 0.20(kn Olshortcut
%

Hard coal kg includes Energy non renewable 29,4k 100

Hard coal ki includes Energy non renewable 276 0

Hard coal ki includes co2 -2.82 ky 100| shartcut
Hard coal ki includes co2 0.45 ky Olshortcut
%

Electricity imported  [kKWYhe  [includes Energy non renewable 573 100
Electricity imported  [kKWYhe  [includes Energy renewabla 0.00{k 0
Electricity imported  [kKWYhe  [includes CO2eqy 0472 kn Olshortcut
%

Other primary energy  |hJ includes Energy non renewable 1| 100

Other primary energy  |hJ includes Energy non renewable 0w 0

Other primary energy  |hJ includes co2 0.000] kg 100|shartcut
Other primary energy  |[hJ includes co2 0.000] kg O|shortcut
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Table continued: Stream description, including several shortcuts (LIBIOFUELS route 9)
%Stream Unit Operator _ [Stream Amount |Unit |%system [Comment
Yo

% fertilizers

Cal fertiliser kg includes Diesel 4 BAE-03 (kg 100

Cal fertiliser kg includes Matural gas 6. 70E-03 (kg 100

Cal fertiliser kg includes Electricity 5.94E-02 (kg 100

Cal fediliser kg includes  [Heavy fuel oil 0.00E+HI0 (kg 100

Cal fediliser kg includes  [Hard coal 204E-02 (kg 100

Cal fediliser kg includes  [COZ 0.00E+HI0 (kg 100

Cal fediliser kg includes  [CH4 -2 70E-04 [ky 100{shortcut
Cal fediliser kg includes  [N20 -2 20E-06 kg 100{shortcut
Yo

K fediliser kg includes Diesel 1.16E-02[ky 100

K fediliser kg includes Matural gas 1.67E-01 kg 100

K fediliser kg includes Electricity 2 97E-02{kg 100

K fediliser kg includes Heavy fuel oil 0|kg 100

K fediliser kg includes Hard coal 0|kg 100

K fediliser kg includes Co2 0|kg 100

K fediliser kg includes CH4 -9 A0E-04 (kg 100

K fediliser kg includes N20 -1 20E-06 (kg 100

Y

M ferdiliser kg includes Diesel 2 09E-02{ky 100

M ferdiliser kg includes MNatural gas 7. 37E-01[ky 100

M ferdiliser kg includes Electricity 8.91E-02{k\Whe 100

M feriliser kg includes Heavy fuel oil 1.09E-01[ky 100

M feriliser kg includes Hard coal J.06E-02{ky 100

M feriliser kg includes CozZ -1.55(ky 100

M feriliser kg includes CH4 -5 48E-03 (kg 100|shortcut

M fertiliser kg includes N20 -9.63E-03(ky 100)shartcut
%a

P feriliser kg includes Diesel 255E-02{ky 100

P fertiliser kg includes MNatural gas 7 AE-02{ky 100

P fertiliser kg includes Electricity 2 38E-01[k\Whe 100

P fertiliser kg includes Heavy fuel oil 1.23E-01[ky 100

P fertiliser kg includes Hard coal 2 04E-02{ky 100

P fertiliser kg includes Ccio2 -0.09{ky 100

P fertiliser kg includes CH4 -1.04E-03 (kg 100|shartcut

P ferilizer kg includes N20 -3.60E-06 (kg 100|shartcut
Ya

Pesticides kg includes Diesel 1.35EH10|ky 100

Pesticides kg includes Matural gas 1.59EHI0|ky 100

Pesticides kg includes Electricity 4 Z3EHI0{k\Whe 100

Pesticides kg includes Heavy fuel oil 8.02E-01[ky 100

Pesticides kg includes Hard coal 2.59E-01(ky 100

Pesticides kg includes CcioZ 0fkg 100

Pesticides kg includes CH4 -1.93E-02{ky 100|shartcut
Pesticides kg includes N20 -1.62E-04 [ky 100|shartcut
Yo

Wheat seed kg includes Other primary energy 13.5|MJ 100

Wheat seed kg includes COZeq -0.57 [ky 100

Yo

% Transport

krn truck ton.km |includes Diesel 0.0225]ky 100)makes emiss
krm ship inland ton.km |includes Diesel 0.0100) kg 100|makes emiss
krm ship offshare ton.km |includes Heavy fuel oil 0.0049 kg 0|makes emiss
hours tractor hour includes Diesel 8.8000| kg 100

Yo

% Other

DDGS impaorted ton includes Energy non renewable 91935 0

DDGS impaorted ton includes  [Energy renewable 18200 {hJ a

DDGS impaorted ton includes  [COZeq -538|ky a

DDGS ton balanced

Ethanol ton balanced

Steam kg balanced

Wheat ton balanced
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Table continued: Stream description, imtthg several shortcuts (LIBIOFUELS route 9)

It must be observed that all emissions (e.g. C from fossil fuels can be introduced as 'shortcuts'.
Normally speaking the CQ should be an outgoing stream 'made’ during all C@ emitting processes, as
shown in Figure 29. Since we are working in a system we can however consider that all incoming fossil
fuel leads to full combustion and corresponding CQ@ emissions, unless of course the fuel is used for other

ne

purposes (which is definitely not the case in the present analysis). It is therefore much easier to use the

stream bundling in Figure 30 for consideration of the CQ emitted from fossil fuels. Care must be taken

with the minus sign, because a sign change occurs from incoming fuel) (to outgoing CC: (+). Such
shortcuts can be applied for any type bimpact.

Category | Action Type Stream Quantity Multiplyer unit % system
End use Combustion | needs diesel 1 1 kg 100

End use Combustion | makes heat 0.9 43.1 MJ 100

End use Combustion makes CQ 3.15 1 kg 100
Figure29: Normal way to produce the CCG: in SPA2 route description (many times)
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