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Biofuel markets

Ferike Thom

Thinen Institute of Farm Economics, Braunschweig

These lecture slides are based on the teaching material
by Mihaly Himics for the same course in 2022.
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1. Background

* Renewable alternative to fossil fuels, but...

e Sustainability considerations:

JRC SCIENTIFIC AND POLICY REPORTS

* Energy efficiency (scale of operations)

* Indirect Land Use Change (ILUC) causing Methodology to assess EU Biofuel Policies:
food price increase and loss in carbon sinks The CAPRI Approach

* Biodiversity loss from deforestation

* EU policy: Renewable Energy Directive (RED II)
targets for renewable energy e

* 32% by 2030 overall
* 14% in transport sector

2013

* Max. 7% share for biofuels from food crops

in transport S T 3 "”'\\\
* Increase share of advanced biofuels —~ T .
» Sustainability criteria (e.g. certification for 3 mA

low ILUC-risk)
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1. Background: Controversies

* Brazil: sugar cane based production (cost efficient);
flexible fuel vehicle fleet, sugar-ethanol industry

* US: huge subsidies in the past for 15t generation
biofuels (corn-based)

* Policy-driven demand with distorted markets:
“Ethanol tourism” between Brazil and USA

[ Ethanol Shuffle | | | Ethanol Tourism |
Us ! Blended fuel {com -
! Us
i 5 and/orsugarcane

Com-based Sugarcane-based- ethanol) Sugaseane. i
ethanol ethanol i

v Other ethanol

Brazil I countries | Brazil I

Yano et al., 2012
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1. Background: Controversies

* Food Security: Did biofuel expansion play a role in
2007/08 food spikes?

The importance of expanded production of biofuels.® Estimates of the contribution of increased demand
for biofuels, in particular ethanol in the USA,” to the price spike vary from a negligible 3% to an
overwhelming 75%. The former estimate was derived by estimating the effect on maize prices, in which
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1. Background: Controversies

* In Europe: Biodiesel is relatively more important
 Cost efficiency issues relative to the US and Brazil

* Induced SHARE OF PALM OIL USED AS BIODIESEL FEEDSTOCK

. IN EU TO DECLINE
deforestation . (milionmy)

o A
pa I m-0l | 6 \/—’_\____—- Rapeseed

based
[ ] [ ] 4
biodiesel _____ uco
2 /
0
2012 2013 20714 2015 2016 2017 2018 2019 2020 2021

Source: USDA

Biofuel markets — Ferike Thom — Applied Data Analysis course, 2025 6



Content

1. Background
2. Biofuels in CAPRI

1. Bioethanol and Biodiesel

2. Supply Concept, GAMS implementation,
3. Demand mix of biofuel inputs, mix of bio- and fossil fuels

3. Exercise: Simulate a change in the EU biofuel
policy

Biofuel markets — Ferike Thom — Applied Data Analysis course, 2025 7



2. Biofuels in CAPRI

e Bioethanol and biodiesel

* Endogenously modelled demand for biofuels in the
transportation sector

* Processing: 1t generation biofuels linked to optimal
feedstock mix

* By-products:
* Distilled Dried Grains with Solubles (DDGS) — animal feed
* Glycerine — chemical industry
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2.1 The ethanol market in CAPRI

Becker, 2011

Domestic Ethanol
Production (MAPR)

Total Ethanol demand (DOMM)

Industrial alcohol
{NAGR)

Dom. 2 Gen.
Ethanol (SECG)

Dom. 1Gen.
Ethanol (FSTG)

Ethanol Imports

(IMPT)

®= Behavioural function

.= Model variable

= By-product of processing
C>= Process

=Sumof ...

|R1,---,Rn| = Market regions

Table wine

Aggregated Cereals

Wheat

Dom.
Prod.

Other

Maize
cereals

(R1...Rn ] [R1 ,..Rn |

R1,....Rn |

(R1,...Rn |

[R1...Rn]  [R1,...Rn](R1,..Rn|
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2.1 The biodiesel market in CAPRI

Total Biodiesel demand (DOMM]

R1,..,Rn

Domestic Biodiesel Biodiesel Imports

&)= sehavioural
.: Model

a: By-product of processing

{O=Process

Aggregated vegetable oils E = Sum of ...

= Market

MNon-agriculture Domestic 2. Gen. Domestic 1. Gen.

Rape oil Soya oil Palm oil

R1....Rn

Becker, 2011
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2.2 Biofuel production in CAPRI

e Concept on first generation biofuel production
Biofuel price vs. average cost of biofuel feedstock
drives supply

production
(1000t)

6000 -

I Baseling s FROO0000 BIOE SUPPLY

5000

000 /
A

2000 /

1000

Biofuel supply 0
function in France

Blanco et al., 2013

Og 0g lp i3 lslgdpdzds dgdp iz s dgdp 9349545 5p 53 rev/cost
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2.2 Biofuel production in CAPRI

 Synthetic function with three parts

production
(1000t)

a000

B Baseling  ss——FRO00000 BIOE SUPPLY

5000

4000

3000

2000

1000

0

TTrrIrerTorm ™™ TT ™ T T Tr ™ Tr1 T TTrers TrI! TTrrrs T FTTFrTefITesfTITrITIfIrerroerroa
05 05 1p iz lslg 20232528 3p 3z 35 3gdp93454g 50 353 rev/cost

Biofuel supply
function in France linear sigmoid semi-log

Blanco et al., 2013 ) . . .
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2.2 Biofuel production in CAPRI

e Synthetic function with three parts: linear, sigmoid
and semi-log

gams/arm/market_model.gms |. 1180

SupplyBiof (RMS,XXBIOF) % { DATA(RMS,"BiofPriceRel”,XXBIOF,"CUR")
% (SUM{S5tock to Fuel(XBioStock,XXBioF),
DATA(RMS, "BIOF" ,XBioStock, "CUR" ) *DATA(RMS, "PRCB" ,XBioStock, "CUR™)))
% ({v_prodBiocf.lo(RMS,XXBicF) ne v_prodBiof.up(RMS,XXBicF)) or p_trim)
% (v_prodQuant.lo(RMS,XXBioF) ne v_prodQuant.up(RMS,XXBioF))
% DATA(RMS,"PROD" ,XXBIOF, "CUR")
% XXXL1(XXBIOF)
% p_endoBioMarket

) ..

v_prodBiof (RMS,XXBioF )}/ (DATA(RMS, "Prod” ,XXEBioF , "CUR" )+2.1)
=E=
--- small linear term to avoid zero production and zero slope..

{p_bicSupPar({RMS,XXBIOF, "scale”)*®v biofPriceRel(RMS,XXBIOF)

--- double log part

+ exp(p bioSupPar(RMS,XXBIOF,"alfa") + p_ bioSupPar(RMS5,XXBIOF,"beta")*log(v biofPriceRel (RMS,XXBIOF)+1le-2))

--- multipied to sigmoid function that guarantees steeper slope
* SIGMOID(p bicSupPar(RMS,XXBIOF,"SLOPE")
*{v_biofPriceRel{RMS5,XXBIOF)

-p_bioSupPar (RMS,XXBIOF,"Turn™)}))/(DATA(RMS, "Prod”,XXBioF, "CUR")+@.1);
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2.2 Biofuel production in CAPRI

 Total biofuel production = sum of
* first generation,

e second generation (SECG),
e non-agricultural (NAGR),

e and agricultural not covered explicitly (EXOG)

gams/arm/market_model.gms |. 1208

MaprBiof (RMS,XXBioF) & ((SUM({SAMEAS (XXX, XXBIOF),1)

$ (v_prodQuant.lo(RMS5,XXBioF) ne v_prodQuant.up(RMS5,XXBicF)))
$ DATA(RMS,"Prod"”,XXBioF, "CUR")
% X1 (XXBIOF) )..

v_prodQuant(RMS,XXBioF )/ (DATA(RMS, "Prod” ,XXBioF, "CUR" )+2.1)
=E= ( v_prodBiof (RMS,XXBioF)
+  DATA(RMS, "NAGR",XXBioF,"CUR")
+  DATA(RMS,"SECG",XXBioF,"CUR")

+  DATA(RMS,"EX0G",XXBioF,"CUR"))/(DATA(RMS, "Prod”,XXBioF, "CUR")+2.1);

Biofuel markets — Ferike Thom — Applied Data Analysis course, 2025 15



2.2 Biofuel production in CAPRI

* Only 15t generation is endogenous and linked to
feedstock in CAPRI (crops modelled endogenously)

gams/arm/market_model.gms I. 1010

MaprBiof (RMS,XXBioF) & ((SUM({SAMEAS (XXX, XXBIOF),1)

$ (v_prodQuant.lo(RMS5,XXBioF) ne v_prodQuant.up(RMS5,XXBicF)))
$ DATA(RMS,"Prod"”,XXBioF, "CUR")
% X1 (XXBIOF) )..

v_prodQuant(RMS,XXBioF )/ (DATA(RMS, "Prod” ,XXBioF, "CUR" )+2.1)
=E= ( v_prodBiof (RMS,XXBioF)
+  DATA(RMS, "NAGR",XXBioF,"CUR")
+  DATA(RMS,"SECG",XXBioF,"CUR")

+  DATA(RMS,"EX0G",XXBioF,"CUR"))/(DATA(RMS, "Prod”,XXBioF, "CUR")+2.1);
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2.2 Biofuel production in CAPRI

* Processing of individual feedstocks and optimal mix

STOCK_TO_FUEL{ROWS, *)

BIOE [BIOD|
SWHE
RYEM
BARL
OATS
MAIZ
OCER
TWIN
WHEA
SUGA
RAPO
SUNO
S0Y0
PLMO
OTHO

Biofuel Feedstock (crops)
Imported raw material included

< << = < < < =

<|=<|=<|=|=
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2.2 Biofuel production in CAPRI

* Processing of individual feedstocks and optimal mix

gams/arm/market_model.gms |. 1362
v_biofProcQuant {RMS,XX)/(DATA(RMS, "BicT" XX, "CUR" )+2.1)

=E= [
SUM(Stock_to fuel(XX,XXBiof),

- @ share of output production quantity
p dpCESBiof(RMS,XX) * v prodBiof (RMS,XXBioF)

- times output prices divided by feedcost cost
exponent the substiution elasticity

* (v_biofFeedCost(RMS,XXBIOF) / v _biofFeedCost(RMS,XX)) ** p rhoBioFuel(RMS,XXBIOF)
)
]/ (DATA(RMS, "Biof™ XX, "CLIR"H«EI. 1); H

Biofuel average (xxbiof) versus individual feedstock (xx)
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2.2 Biofuel production in CAPRI

e Biofuel feedstock balance

e Sum of all feedstock processing = (price-driven)
biofuel production

gams/arm/market_model.gms |. 1227
prodBiof (RMS,XXBioF) § (

(SUM({Stock to fuel(¥YbioStock,XXBioF), DATA(RMS,"BicF",¥bioStock,"CUR")) GT 1)
- the numerarie is not fiwed

§ (NOT SUM{BIOF_ NUM{RMS,XXBicF,XX) % (v BiocfProcQuant.LO(RMS,XX) EQ v _biofProcQuant.UP(RMS,XX)),1))

- at least one feedstock in data base
§  SUM(Stock to fuel(XXX,XXBioF)} & (DATA(RMS,"PRCE",XXX,"CUR") % DATA(RMS,"BioF",XXX,"CUR"}),1)
$ DATA(RMS,"Prod”,XXBioF,"CUR")) ..
v_prodBiof (RMS,XXBioF )/ (DATA(RMS, "Prod” ,XXBioF, "CUR" )+8.1) =E=

SUM(Stock_to_fuel(XX,XXBioF) $ (DATA(RMS,"PRCE",XX,"CUR") $ DATA(RMS,"BioF",XX,"CUR")),

v_biofProcQuant (RMS,XX) * DATA(RMS,"PRCE",XX,"CUR"))
/ (DATA(RMS, "Prod”,XXBioF, "CUR")+8.1); Tif

Processing coefficient

Biofuel markets — Ferike Thom — Applied Data Analysis course, 2025 19



2.2 Biofuel production in CAPRI

 Biofuel cost index (average)

gams/arm/market_model.gms |. 1286

v_pbiofFeedCost (RMS, XXBIOF)
/ (DATA (RMS, "BiofFeedCost", XXBIOF, "CUR") +1)
—F=

SUM(Stock to fuel (XBioStock,XXBiof) § p dpCesBiof (RMS,XBioStock),
p_dpCesBiof (RMS,XBioStock) *
(v_biofFeedCost (RMS,XBioStock) / (data (RMS, "BiofFeedCost",XXBIOF, "CUR") +1) )
** (1-p_rhoBioFuel (RMS, XXBiof))
) ** (1/(l-p rhoBioFuel (RMS,XXBiof))):;
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2.3 Biofuel demand in CAPRI

* Share of biofuel in total fuel use. Sigmoid function.
 Total fuel demand exogenous

share in B basline FROOO000 BIOE Demand Mandates
fueldemand

12%

10% \

6% -f

4% -

2%

- 05 0.6“0.1 635 10 1‘.\ \.‘l”xa \5‘ \'_(; A7 \,§ ;9 1\‘ ﬁ 1315
share in France

Blanco et al., 2013

price
relation
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2.3 Biofuel demand in CAPRI

fuelMatch(¥¥Biof, FUEL ROWS): mapping of biefuels to fossil subsitute

BIOE

GASL

BIOD

DISL

gams/arm/market_model.gms |. 1387

bicfDemShare_(RMS,XXBIOF) § (

SUM(fuelMatch(XXBioF,Fuel Rows), Data(RMS,"CPRI",fuel rows,"CUR"))
p_bicDemPar(RMS,XXBioF, "Slope”)

sum( sameas [ xxx,xxBiof),1)

(v_biofProcQuant.range (RMS,XXEIOF) ne @)
{(v_consShareBioF.range(RMS,XXBIOF) NE @) or p_trim)

*xx1(XXBIOF)

DATA(RMS, "BIOF" ,XXBIOF,"CUR™)

p_endoBioMarket)..

R i

w_consShareBioF (RMS,XXBioF) =E=

--- fixed share (= blending gquota relative)
Data(RMS, "QUTS" ,XXBIOF, "CUR") < ] mandate

- sigmoid function, assumes that rather small shares are used even at high prices,
"TURN" reflects the quota

+ (SIGMOID(p_ bicDemPar(RMS,XXBioF,"Slope™)
*(wv_consprice(RM5,XXBIOF) / SUM{fuelMatch(XXBioF,Fuel Rows), Data(RMS,"CPRI",fuel_rows,"CUR"))
-p_bioDemPar({RMS,XXBioF, "Turn”))))*p_bioDemPar (RMS,XXBioF, "Max");

relative price
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2.3 Biofuel demand in CAPRI

* Total use in the country = consumption + feed use +
processing + biofuel processing

* Biofuel processing is handled separately from other
processing industries

e other industrial use of ethanol is booked under
general processing (v_procQuant)
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2.3 Biofuel demand in CAPRI

* Total use in the country = consumption + feed use +
processing + biofuel processing

gams/arm/market_model.gms |. 2596
ArmBall (RM,XXX) § (v_armlQuant.lo(RM,XXX) ne v_armlQuant.up(RM,XXX)) ..
- total domestic consumption for a trade block
v_armlQuant(RM,XXX) / (DATA{RM,"arml”,XXX,"CUR"} % (not p_trim) + 1 & p_trim + 2.1)

=E= SUM(RMS_TO_RM(RMS,RM),
- human consumption . .
v_consQuant (RMS ,X00¢ $ DATA(RMS, "HCon" ,XXX, "CUR" O h d I
| onEauens } ‘ ’ ther iIndustrial use
+ v_TeedQuant(RMS,X00) $ DATA(RMS, "Feed”,200(, "CUR™)
- explicit processing demand (cakes)

+ v_procQuant (RMS, XXX) $ DATA(RMS,"Proc” XX, "CUR"™) BIOfueIS In

- demand for biofuel processing

+ v_biocfProcQuant(RMS,XHX) 5 (DATA(RMS,"B10f",200(, "CURT) ytrans po rtati O n

- in case of sguar market quotas, C-sugar is supposed to
be used for biofuels, and has its own market clearing
$ ( (not sameas(200(,"SUGA")) or (data(RMS,"QUTS","SUGA"™,"CUR") le eps)))

not p trim)

y / ( DATA(RM,"Arml”,XX,"CUR") g
$ p_trim + @.1);

+ 1
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3. Exercise

* Increase mandate in order to ‘push-up’ total biofuel

demand

share in B basline FROO0O000 BIOE Demand = Mandates
fueldemand

12%

Data (RM5, "QUTS" ,XXBIOF, "CUR")

Biofuel demand T eeeeaasmm—_, S———EE

020907 0214043 42143454647 184917372173 ,4

share in France relation

Blanco et al., 2013

price
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3. Exercise: Reference file

)} » CAPRIZ3 » gams » pol_input » userScens

Mame

F CarbonTax100_endotech_noc.gms
F Demand_shock_beef.gms

ﬂ GDP_shock.gms

an Higher_comi_price.gms

an Higher_input_price.gms

ﬂ mandate_double.gms

s mandate_double.gsp

e optionsmitigaticnpel.gms
2 ref.gms

ﬂ refpol_endotech_all_ini.gms
s refpol_endotech_all_max.gms
s refpol_endetech_all_sup.gms
ad tradewarwithChina.gms

au tradewarwithChina.gsp

s Yield_shock.gms

Anderungsdatum

13.08.2024 11:24
12.08.2024 16:08
29.05.2024 17:11
29.05.2024 17:11
04.10.2024 15:56
09.07.2025 09:54

VR U3 U D

09.07.2025 09:45
13.08.2024 11:24
9.05.2024 17:11
02.10.2024 12:38
02.10.2024 12:38
02.10.2024 12:38
27.06.2025 17:38
09.07.2025 09:44

0 NE 7074 NeEn
09.08.2024 08:50

Biofuel markets — Ferike Thom — Applied Data Analysis course, 2025

29



3. Exercise: Reference file

B8 caprITS 2024 - o X
Q| File Utiities GUI Settings Help L"
CAPRI worksteps General settings Modules and algorithm Reporting Debug options
O Installation CAPRI General settings
O Build database
. Dir | userScens v Yers
O Generate basgline Scenario description Files: | (&

Base year 2017 v 2L000000 fal Hplé

(@® Run scenario DH00o000}

) Agaregation file = defaultA 2 2004 2005 2006 2007 2008 2009 2010 DENOONO0)
O Disagaregate Results S — 2011201220132014 20152016 2017, SL000000
cenario group  NoGroup ¥ i i =

Oressanaren Simulation years (2018 2019 2020 202120222024 2025 =5000000 NI
; FR000000

T 20652070 2075 2080 2085 i 1000000 pidleln)
T999999
O Define scenario 200 V) HLOOOYOD

009009
O Run scenario with market model #1009000 (9

O Run scenario without market model NUT82

O Test alternative market model V]
@ Run scenario only with market model

O Disagg_Scenario

Compile GAMS. Start GAMS Stop GAl Hide/Unihide controls Exploit results

CAPMOD:Post model reporting: Load results behavioural functions (7 min 34 sec)

Fo

O Build database Load meta information from older task [

O Generate baseline Additional input data identifier

@ Run scenario Additional result type identifier MMonly f]
O Disaggregate Results Optional argument #1 0 ?x;
OTests and el Override results_in:
CAPRI tasks Override results_out:

O Define scenario 2 .
Override restart_in:
(O Run scenario with market model
Override restart_out:
O Run scenario without market model
Print gams code to listing  offListing
(O Test alternative market model
Solprint On b
@ Run scenario only with.

HE<

Limrow 0.01%
(O Disagg_Scenario

Limcol 003

Compile GAMS E Start GAMS i Stop GAMS Hide/Unihide controls Exploit results

CAPMOD:Post model reporting: Load results behavioural functions (4 min 41 sec) .
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=xercise Reference file
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3. Exercise: Scenario

ntrager (C:) » CAPRIZS » gams * polinput * wuserScens

-~ Mame a Anderungsdatum

ﬂ CarbonTax 100_endotech_noc.gms 13.08.2024 11:24

ﬂ Demand_shock_beef.gms 12.08.2024 16:08

ﬂ GOP_shock.gms 29.05.2024 17:11

2 Higher_comi_price.gms 9.05.2024 17:11

au Higher_input_price.gms 04.10.2024 15:56 _

au mandate_double.gms 09.07.2025 09:54 — O e

2 mandate_double.gsp 09.07.2025 09:45

2 optionsmitigationpol.gms 13.08.2024 11:24 9

ﬂ ref.gms 29,05.2024 17:11 25 » gams * scen »* bio_fuels w ) bio_fuels durchsuchen ye

ﬂ refpol_endotech_all_ini.gms 02.10.2024 12:38 o Name ~ inderung:datum Tp

ﬂ refpel_endotech_all_max.gms 02.10.2024 12:38 i

ﬂ refpol_endotech_all_sup.gms 02.10.2024 12:38 H biof_d10ed.gms 29.05.2024 1712 GAMS file

au tradewarwithChina.gms 27.06,2025 17:38 H change_biof_mandate.gms 26.00.2024 17:55 GAMS file

au tradewarwithChina.gsp 09.07.2025 09:44 2u change_biof_mandate.gsp 09.07.2025 09:45 GAMS Studi

an Yield_shock.gms 09.08.2024 08:50 au fuel_price_shock.gms 20.05.2024 17112 GAMS file
H no_eu_biofuel_support.gms 29.05.2024 1712 GAMS file

v H no_eu_bicfuel_tarffs.gms 29.05.2024 1712 GAMS file

as potencia_mandates.gms 29.05,2024 1712 GAMS file
H second_generation_30.gms 29.05.2024 17:12 GAMS file
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3. Exercise: Scenario

BB CAPRITS 2024

File Utilities GUI Settings Help

CAPRI worksteps

<4 3
General seftings Modules and algorithm Reporting Debug options

O Installation

(O Build database
(O Generate baseline
(® Run scenario
O Disagaregate Results

O Tests and Reporting

CAPRI tasks
(O Define scenario

O Run scenario with market model
O Run scenario without market mos
(O Test alternative market model
(® Run scenario only with market model

O Disagg_Scenario

CAPRI General settings

’ " Dir. | userScens ¥
Scenario description Files: G0 douti

- [mandate_double 2% Baseyear 2017 v BLO00900 e

: Di009999

Aggregation file ' defaultA 4 2004 2005 2006 2007 2008 2009 2010 DENOGHOY

) 990909099

Scenario group | NoGroup ¥ Simulation years {2018 2019 2020 20212022 2024 2025 5000000

T FRO00000

1000000

[T000000

fILG00000
ATO00000 [

NUTS2 v
M
Compile GAMS |f StartGAMS i Stop GAMS Hide/Unihide controls Exploit results
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3. Exercise: Scenario

... or download from the website
and store in
..Joutput/results/capmod
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3. Exercise: Scenarlio

d Annizs -~ bt it S - — o I
aw GAMS Studio -
File Edit GAMS MIRC Toels View Help
EsQ ¢ | b-0- ~|
. = ~ =
ub: change_biof_mandate.gms [ 2k mandate_double.gms [ ub: market_model.gms [

ok A A b b b b b ob b b ob b b b ob b b gb b b b b b b b o b b b b b b b b b b b b b b b b b b ob b b b b b b b b b ok b b b b b b o b b

*

* author : undefined

* date : 22-08-2023 16:19:01

*  purpose : Scenario definition

*

ok kb b A b ok b b ok b b b b b ok ok b ok ok ok ok ok ok ok ok ok gk ok ok ok ok b b b b b b b b ab b b ob b b ok sb b b ok b ok ok b ok ok ok ok ok ok b b ok b ok ok ok b b b &
*

* User supplied description :

*

Y

double biofuel mandates in EU countries
kb b b b b b b b b b ok b ok ok ok ok ok b ok b b b ok sk ok ok ok ok b b b b b b b b ok b b b b b b b b ok ok b b b b b b b ok ok b ok ok b b b b b b b

Ssetglobal SCENDES double biofuel mandates in EU countries
*

* Baseline scenario
*

SINCLUDE "pol input\userScens\ref.gms"
*

* Biofuel modifications, set the mandates to almost zero for all regions in the EUZ7 without UK the unit is 1.000 tones
*

set RCountrieswithBioFuelPolicy (RALL);
RCountrieswithBioFuelPolicy (RALL)$ (RMS TO RM(RALL,"A EU WEST") or RMS TO RM(RALL,"A EU EAST")) = YES;

display RCountrieswithBioFuelPolicy;

DATA (RCountrieswithBioFuelPolicy, "QUTS", XXBIOF, "Absolutelevel™) $ (DATA (RCountrieswithBioFuelPolicy, "QUTS",XXBIOF, "CUR"))
= DATA (RCountrieswithBioFuelPolicy, "QUTS",XXBIOF, "CUR") * 2;
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3. Exercise: Scenario

B GAMS Studio - O X
File Edit GAMS MIRO Tools View Help

Es=R ¢ 2@ b-o- vy e®RB
% change_biof_mandate.gms B ah. mandate_doublegms £ a)- market_madel.gms [

s

Ak kAR AR AR AR AR A A ARk AR A AR A A AR A AR AR R AR AR A A AR A AR AR A AR A ARk A AR A A AR AR A AR A

2w Sontext

4 CAPRI project

17 Sofftext
18 2ok 3k ok ok ok ok sk ok ok ok sk sk ok ok ok 3k ok ok ok ok 3k ok ok ok ok sk ok ok ok ok sk o ok ok ok sk ok ok ok b sk ok ok b ok sk ok ok ok sk sk o Sk ok 3k sk ok ok b sk ok ok ok ok sk ok o ok ok b o o b ok b ok b ok o
19 |

GAMS file : change biof mandate.gms

@purpose : increase/decrease biofuel mandates uniformly for all EU Member States

[

: Mihaly Himics
; 14.10.19

®®®

1
@ ®

*
22 * - upwards ti sigmoid function for the biofuel share in total fuel demand
2 * quation biofDemShare for more details
*
__ *
2 * - take over shock from the main
*

21 Ssetlocal mandate_shock &1

set RCountrieswithBioFuelPolicy (RALL) ;
RCountrieswithBioFuelPolicy(RALL)$ (RMS TO RM(RALL,"EU WEST") or RMS TO RM(RALL,"EU EAST")) = YES;
display RCountrieswithBioFuelPolicy;

DATA (RCountrieswithBioFuelPolicy, "QUTS", XXBIOF, "AbsoluteLevel") $(DATA(RCountrieswithBioFuelPolicy, "QUTS",XXBIOF, "CUR"))
= DATA (RCountrieswithBioFuelPolicy, "QUTS",XXBIOF, "CUR") * %mandate shock%;

S asines 1941 NS UTFS

C\CAPRIZS\gams\sceni bio_fusksichange_biof_mandategms
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3. Exercise: Analyze results in GUI

BB caprITs 2024

|F\Ie Ltilities GUI Settings Help

CAPRI worksteps ~ | exploitation
Q Installation Scenario 1 res_2_1730userScens_ref_MMonlydefault v
) Build database Regional Aggregation

defaultA »~|  Scenario2 | res_2 1730userScens_mandate_double_MMonlydefaultA ~

(0 Generate baseline WajorPorkProd v

(®) Run ggenario BL DK DE

() Disas regat a r e

() Tests and Reporting

Scenap

-for reference and

Scenario B hd

itry selection

rl

CAPRItasks

() Defin n
) Run sce;ri?with meket motn

(O Run scenario without market model

Scenario 7 ~

Scenario 8 ~

Scenario 9 ~
(0) Test alternative market model Regional level
X Scenario 10 -
(®) Run scenario only with market model Base year selection 04081012
Si io 11 -
O Disagg_scznario 000102030405060708] oo o0
091011121314 151617 Scenario 12 »
18192021222324 2526
2728 29EN 3132333435 Scenario 13 .
363738304041424344

1 lecti
On Year SeIsCion |y o 46 47 484950515253 Scenario 14

545555575859606162

G364 656667 68697071 Scenario 15 ™
T2T374757677787980
5182838485 Scenario 16 ~

Select scenarios
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3. Exercise: Analyze results in GUI

e Check if scenario shock is correctly transmitted

e Find the right table o=

\ View Handling Windows Options
£ Biofuel markets [0]
: Balance item
‘ Scenario shifter >
Mandate or Quota obligation for biofuels sh
Welfare ¥ v
I mandate_double
Markets »
il BioFuels > Biofuel markets
Prices > Biofuel Substitutes
Belgiu Trade ¥ Biofuel production by feedstock
) ; .
— Environment Biofuel demand shares
Meta ¥
Germz Swiss focus >
>
Austri Farm EU
Energy ¥
~IIEE No table
France
Portugal
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3. Exercise: Analyze results in GUI

* Check if scenario shock correctly transmitted

o ————
B8 capriTs 2024 - O X
: View Handling Windows Options
& Biofuel markets [0] o [ ER |WE
Year Balance item Percentage diff. to e View type
qep Scen ¥
2030 | Mandate or Quota obligation for biofuels share in total transportation fuel use [% of energy content] ~ || ref_MMonlydefaultA == Table
¥ mandate_double_MMonlydefaultA

¥ ¥ Bio diesel Bio ethanol

E— 16.69 13.54 ~
100.00% 100.00%

Denmark 15.06 18.33
100.00% 100.00%:

e 15.37 15.46
100.00% 100.00%

Austria 14.12 12.13
100.00% 100.00%

Netheriands 12.39 e
100.00% 100.00%

France 16.52 14.43
100.00% 100.00%

Portugal 13.16 7.24
100.00% 100.00%

spain 14.34 8.98
100.00% 100.00%:
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3. Exercise: Analyze results in GUI

BE caprITS 2024

a. Biofuel balances

Year Region
qep

L) L] 2030 ~ | European Union
e t I I l I I a CtS O I I i mandate_double_MMonlydefaultA
I l L O ] i
bl ¥ Bio diesel Bio ethanol
. . Q Total Biofuel production 2248245 927150
* Biodiesel production: =
°
First ion Biofuels (from Agrit e) 18549.60 773810
[10001] 48.01% 56.49%
/0 Second Generation Biofuels 1720.98 1214.03
[10001] 0.00% 0.00%
Biofuels from non-agricultural sources 2211.87 319.46
0.00% 0.00%
() () [10001]
® B I O I e S e CO l l S u I I I e r Biofuel-use by transport sector 2577077 9166.90
[10001] 78.22% 83.59%

Biofuel-use by industry

price: % e

Energy share of biofuels in total transportation fuel use 14.76 11.85

[% of energy content] 78.90% 81.01%

° Mandate or Quota obligation for biofuels share in total 14.44 11.70

. + - transportation fuel use 84.50% 93.59%
Y [* of energy content]

Imports. 8529.50 182223

[1ooot] 107.18% 140.17%

e r C e n t a e Exports 5197.43 167.72

[1ooot] -15.1% 65.77%

A n consumer prices 1087.07 1466.02

p O I S [Euroiton] 2BT1% 30.71%

consumer taxes 58.24 120.55

[Euro/Ton] 0.34% 0.23%
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3. Exercise: Analyze results in GUI

b. Biofuel feedstock

B8 caPRITS 2024

:‘u’iewHandIing Windows Options

&4 Biofuel markets [0]
|

Reqgion
. Scenario shifter »
~  European Union
Welfare ¥ ¥
I mandate_double_MMonlydefaul
Markets *
I BioFuels > Biofuel markets Bio ethanol
Prices * Biofuel Substitutes
Total E Trade > Biofuel production by feedstock = >
[1000 54%
Environment * Biofuel demand shares
First G Meta * griculture) 18540.60
[1000 43.01%
Swiss focus *
Secon Farm EU ¥ 1720.98
0.00%
[1000 Energy >
Biofue Notable urces 2211.87
[1000 1] 0.00%
—_ _ SR _ - ARTINTT

Biofuel markets — Ferike Thom — Applied Data Analysis course, 2025 41



3. Exercise: Analyze results in GUI

S CAPRITS 2024

qep

European Union

1
=
H
B2
g

b. Biofuel feedstock
e Which biodiesel feedstock A =

[10001]

First generation biofuels {from Agriculture) 18549.60
43.01%

use increased the most in - C——

[10001]
produced from wheat

relative terms: =

—— [1-l)00 1]

- produced from rye
[1000 1]

* Which biodiesel feedstock e

- produced from maize
[1000 1]

use increased the least in e

- produced from sugar
[10001]

relative terms: ons e

- produced from rapeoil

* Possible impact on traded I

feedstock? - e

- produced from exogenous crops
[1000 1]

Second generation biofuels (from Agriculture) 1720.98
[10001] 0.00%

- produced from new energy crops
[1000 1]

- produced residuals
[10001]
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3. Exercise: Analyze results in

c. Market balances with non-EU countries

B capRITS 2024
: Wiew Handling Windows Options
< Biofuel production by feedstock [0] [E=REEE T
! year |Percentage diff to :
{ Scenario shifter » Scen &
nion ¥ 12030 | refdefaultA 1
Welfare > -
Markets > Demand Balances
b4 BioFuels > Product balances market model
Frices > Market balances without intra trade
i 18776.04 a
Firstge Trade » Yields, levels and production
[1000 1] 45.81%
Second Environment > Global irrigation 1720.98
[1000 1] Meta » Global land use and land aggregates 0.00%
18776.04
AT Swiss focus > Product Balances e
[1000 1] :
_prod Farm EU > Food consumption 18776.04
[1000 ] Energy » Nutrition details 4a81%
=[EIEL No table Market model balances - decomposition 10326.29
[1000 ] . 28.88%
- produced from sunfloweroil I T T 1360.15
[1000 1] Milk products 68.95%
- produced from soyoil 1151.56
[1000 ] 55.92%
- produced from palmoil 5938.04
[1000 1] §5.40%
- produced from exogenous crops
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3. Exercise: Analyze results in GU

c. Market balances with non-EU countries
 Larger import/smaller export of biofuel feedstock

e Can you identify sustainability issues with EU
biodiesel production?

4| Market balances without intra trade [0] [o[2 [
‘ ® . Region Year P;rcemage diff. to View type
cen
European Union ~ | 2030 || ref_MMonlydefautta [EILE
%1 mandate_double_MMoniydefaulta
Net production Human Processing Biofuels processing | Feed use Imports without Exports without Net trade
¥ lrl [1000 €] consumption plus [10001] [10001] [1000 €] intra trade intra trade [10001]
=i losses [1000 1] [10001]
[1000 £]
Rapeseed oil 3669.99 1052.49 1182.56 10689.74 171.58 9454.25 27.88 -9426.37 A
3.74% -271% -20.33% 28.87% -21.31% 24.73% -26.50% -24.99%
Sunflower seed oil 3521.84 273076 732.70 1397.27 183.89 1739.88 217.11 1522.77
1.85% 0.55% -4.03% 66.33% -8.46% 32.4T% -13.57% -43.36%
Soya oil 2139.80 902.88 265.11 1189.24 259.05 924.11 447.72 -476.39
0.91% -1.08% -5.98% 54.36% -13.94% 25.10% -22.86% -201.04%
Palm oil 275.87 4325.22 6078.13 10679.22 -10679.22
0.93% -371% 91.69% 34.57% -34.57%
Rapeseed cake 5619.64 36.90 119.44 6430.22 1114.02 147.10 -966.93
3.24% 0.41% 5.86% 3.20% 3.16% 3.18% -3.16%
e 4382.74 27.30 33.76 10064.63 6221.26 478.31 -5742.95
1.69% 0.24% 291% 0.62% 0.05% 2.84% 0.17%
Soya cake 9319.45 76.37 139.74 38573.98 30136.73 666.09 -29470.64
0.68% 0.13% 1.71% -0.21% -0.45% 0.68% 0.48%
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Advanced biofuels

ANNEXIX

Part A. Feedstocks for the production of biogas for transport and advanced biofuels, the contribution of which towards the mimmum shares referred to in the first and fourth subparagraphs of

Article 25(1) may be considered to be twice their energy content:

(a)
(b)
(e)
(d)

(e)
®
(2
(b)
6
0)
(k)
0
(m)
(m)
(0)

(p)
(@)

Algae if cultivated on land in ponds or photobioreactors;
Biomass fraction of mixed municipal waste, but not separated household waste subject to recycling targets under point (a) of Article 11(2) of Directive 2008/98/EC:
Biowaste as defined in point (4) of Article 3 of Directive 2008/98/EC from private households subject to separate collection as defined in point (11) of Asticle 3 of that Directive:

Biomass fraction of industrial waste not fit for use in the food or feed chain, including material from retail and wholesale and the agro-food and fish and aquaculture industry, and

excluding feedstocks listed in part B of this Annex:
Straw:

Animal manure and sewage sludge:

Palm oil mill effluent and empty palm fruit bunches:
Tall oil pitch:

Crude glycerine:

Bagasse:

Grape mares and wine lees:

Nut shells:

Husks:

Cobs cleaned of kernels of corn;

Biomass fraction of wastes and residues from forestry and forest-based industries, namely, bark, branches, pre-commerecial thinnings, leaves, needles, tree tops, saw dust, cutter

shavings, black liquor, brown liquor, fibre sludge, lignin and tall oil;
Other non-food cellulosic material:

Other ligno-cellulosic material except saw logs and veneer logs.

Part B. Feedstocks for the production of biofuels and biogas for transport, the contribution of which towards the minimum share established in the first subparagraph of Article 25(1) shall be

limited and may be considered to be twice their energy content:

(a)
(b)

Used cooking oil;

Animal fats classified as categories 1 and 2 in accordance with Regulation (EC) No 1069/2009.
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