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Attitude research EU

Agriculture 16 I
Environment 11 -
Food and feed 12 0
Industrial biotechnology 6 -
68.5%
23.0% Energy and biofuels 7 0
Forastry 1 .
Total 72 -
mTrustfuls ~ Cautious M Scepfics
B Trustfuls  Cautious  Sceptics
1. Research to be translated into behavioural change
2. Lack of general public information and understanding of sustainable biobased economy
3. Lack of policy coordination and insufficiant linkages between policy and stakeholders
4. Need to engage society in the transition towards the biobased economy —

ALTERRA
WAGENINGEN [NEH



ME4 Interactive tool for the
specification and assessment of
bio-energy chains

The overall objective of the ME4 tool is to
assess opportunities and spatial implications of
biomass delivery chains for energy, biofuels
and bio-chemicals
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Project Details

January 2007- June 2011
Duration: 4.5 years
Budget: 2075 kEuro

Main financer: Climate changes spatial
planning

=suep SPatial planning

Co-financing:

= agriculture, nature
and food quality




ME4 tool —different modes for different
purposes

" Tackling uncertainty by increasing understanding
" Dealing with perceptions by objective ‘facts’

" Overcoming passive behaviour by enabling regional
collaboration




ME4 as a tool to increase understanding

" Who? Public and private sector
" Uncertainty:

e \What kind of biomass?

® How much biomass?

® Return?




Second example chain:
1st Generation Bioethanol, Sugar beets,

medium size (700 kton),
25% in rotation, 10% for bioethanol

| Version {0}.{1:00}
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Step 1: Choose a scenario (after reading the descriptions below)

Scenario: GE low

5
Ix

ME4 TOOL
Scenanos | Chair t_l,lpesl Chain spec.l Impacts chainl Impacts Iandu&el kMap IiI:urar_I,II Help I

[1 Current zituation [2008] zlohal ECONOTHY (GE:] SCeHaATI0: B
[] Scenarnos [2020] - Global Econarmy [law intervention)
L] Seenarios [2020] - Glabal Economy [basic intervention) The “mission statement’ of this scenario is: “Market-based
[] Scenarios [2020] - Global Economy [high intervention) solufions are most gfficient fo achieve sfrong economic growih
[1 Scenarioz [2020] - Regional Communities [low intersention] and Qpﬁmz’_gg demand axd suppfy Qfgggd_g_l EEFVICES (M
[] Scenarios [2020] - Regional Communities [bazsic interyvention) envirormental gualify”. The EU aims for maximum economic
[] Scenarios [2020] - Regional Communities [high intervention] grovth. Competitiveness is the driving force for enterprises,
goitng together with a relatively high level of economic growth
and associated technological developiment. There iz rarimal e

governunent intetference.

Tnder this scenario the BN energy consumption i 2030 will be
twice the current consumption while the energy self sufficiency
will decrease from 0% to 0% in 2020 watil 2030 (Eoppejan et
al., 20097, D1 a global scale, GE offers optitnal conditions for
conventional energy sources, inclhading refewrable sources that

ate econiothically attractive. With regard to biomass, the GE 1|I_I
"‘l"ﬁﬂ-ﬁ-ﬂ'iﬁi"‘ f‘h‘n""ﬁl"+ﬁ+"if‘ﬁl-‘1 1"h'|'? ‘1"&11f'-l.+'hﬁi."i." - 11#‘11-&1,;“ +1"|ﬁ - a k-1
Regional Communites (RC) scenario: ==

The “miszion statement’ of this scenario is: Selfreliance,
envirormental stewardship and equity are fhe keys fo
susfarnable development. Local communifies are the
cornersfornes of sociefy . As the EU relies on govetrnment
intervention on a regional level and - for the environiment - on
a global scale, econotmic growth slows down both in the E1T: —
compared to the GE scenaric, the BT scenario has a 0% and a

20% lowrer growth of GDFP per capita ity the EIT1S and the E1T132

tegpectively. Population growth is low. On the one hand, slow

econommic growth curtails the speed of technological

development, but on the other hand B&D policies of ETT

countiies encourage technological development.

D etailled infarmation

Under this scenario the BN energy consumption i 2030 il




Step 1: Choose a scenario: detailed information (in excel)

& = 9~ = GE scenario assumptions Nov 2010.xls [Compatibility Mode] - Microsoft Excel o B IR
m Home Insert Page Layout Formulas Data Review View v i@ =@ =
E3 - Je | 2020 v
. A B C D E F G B
2 GLOBAL ECONOMY Unit | Starting value| ‘Global Economy”
3 2010 2020 2030
4 Economic
9 GDP NL [€/a] 34,713 43,152 53.643
6 GDP growth NL [“o/a] 2.2
7 Qil price [$/barrel] 70 65 60
8 Change in oil price [%o/a] -0.74
9 CO,; price [€/1] 25 20 15
10 Share of biofuels in transport [%0] 4 8 10
11 Share 2™ gen. in total biofuels [%] 0 12.5 25
Land use (herb.) lignocellulose (% [%0] 0 0 10
12 dedicated cropping)
13 Self sufficiency ratio food - Low Low
14 Self sufficiency ratio energy [%%] 60 40 40
15 Commodity prices €/tonne End user and/or NPV model
16 Exogenous
17 Poplulation EU25 [million] 457 475
18 Dietary habits - Qualitative
4 "4’; H | GE exogenous_economic GE Policy assumptions assumptions MPY Sheetl Sl 4 b E
|| & 174 (= +

Ready |




Step 2: Choose a chain type

Scenario: GE low
A ME4 TOOL O] x|

...............................

Select chain type

[] Electrizity and heat [combustion)
[] 1zt generation bioetharol

[ 2nd gereration bioethanol

[] Biorefinen

Chooze ingtallation size

Chooze one biomass type




Step 3: Specify the chain: specify % biomass to be used (and zoom in)

Scenario: GE Low, 1st Generation Bioethanol, Sugar beets, 25% rotation , 10% for energy

i x]

5cenarins| Chain types  Chain zpec. |Im|:|a|:ts chainl Impacts Iandusel tdap IiI:urar_I,II Help |

YRNEE |

™| potential quantity [tondhad]
[] production costs [euraston)

Load zelected layerfile

i ax biomass price

I 40 [euradton]

% of biomasz to be uzed for energy
I 10

Select areas to be excluded
| =]

™ Use painter ta lacate installation

| [=.4 ity miEters)

™ Use painter ko lacate pointsources
I WY in meters

quantity [kkondpr)
price [eurostan]

Delete all pointzources

Calculate Costs & Distance

Frojection: Lnknown
W 30E81.8 w 421875




Step 3: Specify the chain: choose location ¢ |GRRSRARNILARES Faly K Fal ) T K= TR el L B el i
Biomass found in circle with radius 101.39 km
) . ] Quantity (tons/yr) = 675859.31
Scenario: GE Low, 1st Generation Bioethan: s AT — 22738954 .01
Average costs (euro) per ton = 33.64

B v [ . .
Transport distance in tonkm 355067297.79

5cenarins| Chain types  Chain zpec. |Im|:|a|:ts chainl Impacts Iandusel fdap wovam
5::::%Tt N XK. |

7 L
P

™| potential quantity [tondhad]
[] production costs [euraston) -

Load zelected layerfile |

i ax biomass price

I 40 [euradton]

% of biomasz to be uzed for energy
I 10

Select areas to be excluded
| =]

ze painter ta locate installation

I [=.4 ity miEters)

™ Use painter ko lacate pointsources
I WY in meters

quantity [kkondpr) f

price [eurostan]

Delete all pointzources |

Calculation coztz and distance |

Frojection: Lnknown
W 2573545 woS4553T




Step 3: Specify the chain e O WINDDWS' system 32 cmd.exe - arc “&r oog

find radius size for required biomass Biomass found in circle with radius 101.39 km
) . . Quantity (tons/yr) = 675859.31
Scenario: GE Low, 1st Generation Bioethan R N P Y2 13 _  $2738954 .01

Average costs (euro) per ton 33.64

‘— Transport distance in tonkm = 355067297.79

5cenarins] Chain types  Chain zpec. llmpacts chain] Impacts Ianduse] bl ap o8

5::::%Tt AN K. .

| potential quantity [tandhad]
production costs [eurodton]

Load selecte:

i ax biomass price

40 [euradton]

% of biomasz to be uzed for energy
10

Select areas to be excluded

I¥  Usze pointer to
257955, 549531 |

| Usze pointer to e o ces
‘ WA rneters

quattity [kkar
price [euro/t;

Delete all pointzources |

X:6.21309 ¥:7.57874 dx:6.21309 dy:7.57874 Dist 9.79999

Caled sbices eoebe aemd dickomes | h

The coloured maps are (invisible) steps in finding the radius of the circle around the installation within which sufficient
biomass from the biomass availability map can be collected. First the biomass quantity within a circle of 10 km around the
installation is determined (1). Based on the biomass demand of the installation and the average biomass density in the first
circle a radius size is estimated and the biomass availability in the 2" circle is determined (2). By iteratively resizing, an
approximate radius is found within which the required biomass quantity for the installation is available (3).




Step 4: Evaluate chain performance (with excel sheet)
Scenario: GE Low, 1st Generation Bioethanol, Sugar beets, 25% rotation, 10% for energy

ME4 TDOL

Scenarinsl Chain t_l,lpesl Chain spec.  |mpacts chain |Im|:|an::t3 Iandusel Map Iil:urar_l,ll Help I

Ewvaluate impacts chain | chainySimple chain calculation Sugar.xls

Output simple chain calculation

Calculation number 1
Biomass chain name Ethanol from sugar beet
Scenario name GEL
Scenario policy variant low
Scenario year 2020
Total throughput: [ton dm]
from sources 155,448|
Revenues and costs: [euro]
heat revenues 0
ethanol revenues 28,030,319 total revenues 28,030,319
purchase costs 5,229 959
storage costs 0
transport costs 9,569 064
loading/unloading costs 169 506
pretreatment costs 0
drying costs 0
conversion costs 4 557 171 total costs 19,525,700

profit

6.504.619]




Knowledge users

® Companies - to develop investment plans

" Development agencies and financial banks - to provide
funding




ME4 tool as a tool to enable collaboration
and coordination

" Dealing with beliefs and enabling alignment
e Unsustainable
e Over-exploitation




Avoiding unsustainable practices




Step 4: Evaluate chain performance (with excel sheet)
Scenario: GE Low, 1st Generation Bioethanol, Sugar beets, 25% rotation, 10% for energy

ME4 TDOL
Scenarinsl Chain t_l,lpesl Chain spec.  |mpacts chain |Im|:|an::t3 Iandusel Map Iil:urar_l,ll Help I

Evaluate impactz chain | chaintSimple chain calculation Sugar. xls




Step 4: Evaluate chain performance (with excel sheet)

Scenario: GE Low, 1st Generation Bioethanol, Sugar beets, 25% rotation, 10% for energy

ME4 TDOL

Scenarinsl Chain t_l,lpesl Chain spec.  |mpacts chain |Im|:|an::t3 Iandusel Map Iil:urar_l,ll Help I

Ewvaluate impacts chain | chainySimple chain calculation Sugar.xls

Energy returns and use: [GJ]
heat returns 0
ethanol returns 1,401,516 total energy returns| 1,401,516
energy used for purchase 250,426
energy used for storage 0
energy used for transport 397 675
energy used for loading/unloading 1,166
energy used for pretreatment 0]
energy used for drying 0
energy used for conversion 456,725 total energy use 1,105,992
__________________________________________________________________________________________________________________________________________________ energy profit 295,524
GreenHouse Gas avoided and emission
[ton CO2-equivalents]
heat GHG avoided 0
ethanol GHG avoided 132,067 total GHG avoided| 132,587
GHG emission for purchase 23,600 first rough estimate
GHG emission for storage 0
GHG emission for transport 29 566
GHG emission for loading/unloading a7
GHG emission for pretreatment 0
GHG emission for drying 0
GHG emission for conversion 33,956 total GHG emission 87,408
net GHG avoided 45179
| first rough estimate of % Mitigation (net versus total GHG avoided)| 34.07%)|




Step 5: Evaluate impacts of Land use change: GE low versus Current situation 2010
Chain: 1st Generation Bioethanol, Sugar beets, 25% rotation, 10% for energy

[=[p3

Scenarinsl Chait t_l,lpesl Chair spec.l Impacts chain  |mpacts landuze |Ma|:| IiI:urar_l,II Help I

Evaluate impactz landuze |

Difference with current situation

GHG_fertilizer [kton CO2-2q)
COZ_fuel (kton CO2-2q)
GHG_culbivation  [kton COZ-eq)
GHG__emiszion (kton CO2-2q)

M_balance (1000 kg M)

F balance (1000 kg P
MH3_emizzion (1000 kg MH3-M)
Soil_Carbon (ktan C]
GHG_fertilizer [ton COZ-eq/hal
COZ_fuel [ton COZ-2q/ha)

GHG_culbivation  [ton COZ-eq/hal
GHG_emiszion [ton COZ-2q/ha)
M_balance (kg M/ha)

F balance (kg P#hal
MO3_concentration[g MO 3 liker]
MH3 emizsiaon (g NH3-M /hal
Soil Carbon [ton C/ha]

Load zelected indicator

Show environmental effects of total chain




Step 5: Evaluate impacts of Land use change: GE low versus Current situation 2010

Chain: 1st Generation Bioethanol, Sugar beets, 25% rotation, 10% for energy

=1

Scenarinsl Chait t_l,lpesl Chair spec.l Impacts chain  |mpacts landuze |Ma|:| IiI:urar_l,II Help I

Evaluate impactz landuze |

Difference with current situation

GHG_fertilizer [kton CO2-2q)
COZ_fuel (kton CO2-2q)
GHG_culbivation  [kton COZ-eq)
GHG__emiszion (kton CO2-2q)

M_balance (1000 kg M)

F balance (1000 kg P
MH3_emizzion (1000 kg MH3-M)
Soil_Carbon (ktan C]
GHG_fertilizer [ton COZ-eq/hal
COZ_fuel [ton COZ-2q/ha)

GHG_culbivation  [ton COZ-eq/hal
GHG_emiszion [ton COZ-2q/ha)
M_balance (kg M/ha)

F balance (kg P#hal
MO3_concentration[g MO 3 liker]
MH3 emizsion

Soil_Carbon [ton Crhal

Load zelected indicator

Show environmental effects of total chain

Change in soil carbon
ton C /ha

B <-1.00

I 1-1.00--0.01

| | Nochange

| |oo1-1.00

- =>1.00

A Location fabric

=

Explanation In the red and orange areas the carbon stock in the soil will decline
due to an increase of sugar beet area at the expense of arable crops with higher C
input to the soil e.g. cereals.

In the green areas the soil carbon will increase due to a replacement of arable crops
with lower C input to the soil (e.g. potato) by sugar beet.

-




Step 5: Evaluate impacts of Land use change: GE low versus Current situation 2010
Chain: 1st Generation Bioethanol, Sugar beets, 25% rotation, 10% for energy

[=[p3

Scenarinsl Chait t_l,lpesl Chair spec.l Impacts chain  |mpacts landuze |Ma|:| IiI:urar_l,II Help I

Ewaluate impacts landuse | Zj

Difference with current situation Change in GHG emission
GHG_fertlizer  [kton CO2-eq) ton CO2-eq/ha
CO2 fuel (kton COZ2-2q) - <-0.10
GHG_culbivation  [kton COZ-eq)

GHG_emission  [kton CO2-2q] [ -0.10--0.01
M_balance (1000 kg M) |:| No change

F balance (1000 kg P - 0.01-0.10
MH3_emizzion (1000 kg MH3-M) T
Soil_Carbon [ktan C) B -0.10
GHG_fertilizer [ton COZ-eg/hal . .
002 fuel (ton CO2-eq/hal 4 Location fabric

GHG_culbivation  [ton COZ-eq/hal
M_balance (kg M/ha)

F balance (kg P#hal
MO3_concentration[g MO 3 liker]
MNH3 emission (kg MH3-M fhal

Soil Carbon (ton C/ha)

=

Load zelected indicator

_.---q _ . o : g ‘

Explanation In the red and orange areas the GHG emissions will increase due to a
shift from less intensive crops (e.g. cereals) to sugar beet, which has higher nutrient
requirements and requires a higher fuel consumption. Only in a few areas the GHG
emissions will decrease due to a shift from highly intensive crops (e.g. flower bulbs) to
sugar beet.

Show environmental effects of total chain




Environmental effects of total chain GE low

Chain: 1st Generation Bioethanol, Sugar beets, 25% rotation, 10% for energy

ME4 TOOL

Scenarinsl Chait t_l,lpesl Chair spec.l Impacts chain  |mpacts landuze |Ma|:| IiI:urar_l,II Help I

=10l x|

Environmental effects of total chain

GHG emissions and mitigation of total chain

GHG during cultivation

Taotal GHG emissions

1000 Kg CO2 GHG emissions from fertiliser production 190

1000 Kg CO2 GHG emissions from fuel consumption for crop mechanisation 2,349

1000 Kg C02  GHG emission from cultivation {soil N-O emission + CO; from peat soils) 34 965 37,504
GHG after cultivation

1000 Kg CO2 GHG emission for storage 0

1000 Kg CO2 GHG emission for transport 29 566

1000 Kg CO2 GHG emission for loading/unloading a7

1000 Kg CO2 GHG emission for pretreatment 0

1000 Kg CO2 GHG emission for drying 0

1000 Kg CO2 GHG emission for conversion 33,956 63,609
Total GHG emission: 101,113

Total GHG avoided

Net GHG avoided

1000 Kg CO2 ethanol GHG avoided 132,587 31,474
% Mitigation (Net GHG avoided versus Total GHG avoided) 23.74%

Environmental effects of direct land use changes (as compared to present land use)

1000 Kg N Change in nitrogen soil surplus due to land use change -1.26

1000 Kg P Change in phophorus soil surplus due to land use change 0.02

1000 Kg NH3-M  Change in ammonia emission due to land use change 0.00

1000 Kg CO2  CO, emission from changes in soil carbon due to land use change 84

1000 Kg cO2  Met difference in GHG emissions resulting from land use change 1515




Coordinating exploitation
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Knowledge users

" Stakeholders in regional innovation processes
® Government




ME4 in Biobased transition

" Knowledge - the strength of mapping
e Joint fact finding
e Structuring complexity
® Dialogue - making tacit knowledge explicit
® Integration of science and practice
® Developing regional strategies
® Prioritizing options

® Developing new business models/financial
arrangements




Further information on ME4

Berien.elbersen@wur.nl
Bert.annevelink@wur.nl

Further information on social
aspects of biobased transition

Ingrid.Coninx@wur.nl
Remco.Kranendonk@wur.nl
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