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Background
§ High	impact: 11%	of	global	GHG	emissions
§ Causes

− Global	increased	demand	for	land
− A	change	in	demand	for	land	ð land-use	changes

§ Challenges
− Ascribing	the	land	use	changes	to	their	drivers
− What	is	the	role	of	energy/food/fibers?
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Global	land	cover	2014

Crops Pasture Other	land Water	- inland Forest	- primary Forest	- naturally	regenerated Forest	- planted

Other	land:	
Savannah,	

barren,	build
43%

Pasture
35%

Crops
17%

Forest
42%

Water
5%

Naturally	
regenerated

26%

Primary
13%

Planted
3%

Global land use

UMN Global Landscape Initiative 



Land use change impacts
§ 11%	of	global	GHG	emissions
§ 9%	of	forests	lost	since	1961
§ Current	species	extinction	<7%	and	18-35%	by	2050
§ 260,000-600,000	per	year	mortality	attributed	to	landscape	fires

5

FAO	(2012).	State	of	the	World's	forests.	Rome	2012	http://www.fao.org/docrep/016/i3010e/i3010e00.htm
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Will iLUC be less relevant in the future?
§ Population growth by 2050: 9 billion people
§ Economic growth

§ food consumption per capita
§ share of meat

§ Biofuels

Orangutan	rehabilitation	center,	Central	Kalimantan,	April	2017



Members of the iLUC crowdfunded project

More	info	at:
https://lca-net.com/clubs/iluc/
Schmidt	J,	Weidema	B	P,	Brandão M	(2015). A	framework	for	modelling	indirect	land	use	changes	in	life	cycle	
assessment.	Journal	of	Cleaner	Production	99:230-238 7
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Direct and indirect Land-Use Changes
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§ Effect	of	1	ha	additional	rapeseed	field	somewhere?

Somewhere else – at	the	frontier

Somewhere

Direct	land	use
changes (dLUC)

Indirect land	use
changes (iLUC)

Indirect	effects:
Land	for	displaced	crops?

Indirect	intensification



Limits	of	this	approach:
– Amortization	period	in	the past or	future?
– Amortisation	period	is	arbitrary	(why	20	years?)
– Arbitrary	reference	scenario	(historical	C-stock)
– Ignoring	trade	with	crops/animal	products

Why is current practice wrong?
- PAS2050, GHG protocol, PEF Guideline 
Example:	1	ha	year	crop

– Choose	amortization	period	– (e.g.	20	years)
– Determine	to	include	or	exclude	LUC
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Implications: overestimating	LUC	at	
the	frontier,	while	ignoring	iLUC	for	
established	arable	land

– If	LUC	included,	identify	C	stock	before	and	after	LUC
– GHG-emissions	from	LUC	=	DC	x	(44/12)	x	(1/20)
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The model in five bullets
- Key assumptions
1. Land use changes are caused by the demand for land

2. There is a market for land i.e. for land’s capacity for growing biomass

3. The market for land is global:
§ crops can be grown in different regions
§ Food/biomass is substitutable and traded on the global market

4. Different markets for land can be distinguished: arable, forest, range

5. Change in demand for land cause:
§ Transformation of land
§ Intensification of land already in use
§ Crop displacement

(reduced consumption)

12Central	Kalimantan,	April	2017
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iLUC – ”the mass balance proof”
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What is land?
§ Land = asset input
§ Crop cultivation requires

§ Tractors
§ Combine harvester
§ … and land
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Outside	my	window,	Aalborg,	August	2017
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§ Functional	unit
§ For	each	market:	Capacity	for	biomass	

production	from	1	ha*year	global	average

Land... what is land?
- Functional unit considerations

• Functional	unit
– Barren	land:	Area	for	non-biomass	purposes	

1	ha*year	global	average



Global potential net primary production (NPP0)
- How to weight land use in different locations?
1	ha*year	in	the	Aalborg	area	expressed	as	pw ha*year
(GLO	aver.	arable	is	5680	kg	C	ha-1 year-1)

Haberl H., Erb, K.H., Krausmann, F., Gaube, V., Bondeau, A., Plutzar, C., Gingrich, S., Lucht, W., Fischer-Kowalski, M. (2007). Quantifying and mapping 
the global human appropriation of net primary production in Earth's terrestrial ecosystem. Proceedings of the National Academy of Sciences of the USA. 104: 12942-
12947. http://www.uni-klu.ac.at/socec/inhalt/1191.htm 16

Aalborg

From	ha*year to	pw	ha*year:
Factor	=	NPP0 /	NPP0_GLO	aver.

NPP0,DK =	6150	kg	C	ha-1 year-1

FactorDK =	6150/5608	=	1.08
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Life cycle inventory
- Market, transformation and intensification



Occupation and transformation
- Accelerated deforestation

Effect of occupation (1 ha yr)

Time	(yr)

Forest	area	(ha)

General	deforestation

1)	General	trend	for	forest	cover

t1
Time	(yr)

a1

Forest	area	(ha)

a2

Demand	for	1	ha

1	ha

2)	Effect	on	forest	cover	from	demand	for	1	ha

t1 t2
Time	(yr)

a1

Forest	area	(ha)

a2

Demand	for	1	ha

1	ha
Release	of	1	ha

1	yr

3)	Effect	on	forest	cover	from	occupation
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Net	effect
+	CO2 year	1
⎼ CO2 year	2

Same	as	moving	CO2
from	year	2	to	year	1



IPCC's global warming potential (GWP)
§ The global warming potential

§ Originally used to differentiate different GHG-emissions (unit: 
CO2-eq)

§ TH = time horizon
§ RF = Radiative forcing (W/m2)

19Formulas:	IPCC	(2013)	Climate	Change	2013	- The	Physical	Science	Basis,	8SM	p	15-16.	
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IPCC's global warming potential (GWP)
- time dependant
§ Effect of emitting CO2 in year Dt:

Effect of	emitting 1	kg	CO2 in	year 0	instead of	year 1:

GWP100CO2,t=1®0
=	1	– 0.9922
=	0.00783	kg	CO2-eq.

GWPCO2,Dt=0 =	1
GWPCO2,Dt=1 =	0.9922
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Global temperature potential (GTP)
§ Measures temperature effect from a pulse emission at specified 

time (H)
§ Closer to end-point than GWP
§ Indicator has same unit as GWP; CO2-eq.
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Effect of	emitting 1	kg	CO2 in	year 0	instead of	year 1:

GWP100CO2,t=1®0
=	1	– 0.9922
=	0.0078	kg	CO2-eq.

GTP20CO2,t=1®0
=	1	– 0.9978
=	0.0022	kg	CO2-eq.

Difference	=	factor	3.5!
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Using the model, in practice 
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What does the model provide?
§ Simple: Elementary flows per unit of land use (pw ha*year-eq.)
§ Advanced: iLUC effects of land using activity, linking foreground 

activities to model in LCA software

How	much	land	is	used	per	FU?
Identify market segment (arable, forest or range)
Identify the productivity factor of land

Input data:
1. Land occupation 
2. Market 
3. Productivity factor 

NPP0 for each land cover, normalized to global NPP0 (ha-eq/ha)

Arable Forest Grassland

GLO Global 1.00 1.00 1.00
AT Austria 1.14 0.86 1.37
AU Australia 0.90 0.91 1.19
BE Belgium 1.11 0.82 1.57
BG Bulgaria 0.95 0.75 1.39
BR Brazil 1.51 1.25 2.27
CA Canada 0.99 0.70 0.58
CH Switzerland 1.14 0.77 1.23
CN China 0.94 0.81 0.84
CY Cyprus 0.72 0.57 1.05
CZ CzechRepublic 1.10 0.84 1.62
DE Germany 1.08 0.82 1.52
DK Denmark 1.08 0.81 1.58
EE Estonia 1.02 0.76 1.43
ES Spain 0.94 0.77 1.35
FI Finland 0.93 0.69 1.17
FR France 1.16 0.85 1.59
GB UnitedKingdom 1.01 0.66 1.34
GR Greece 0.79 0.59 1.13
HU Hungary 1.07 0.83 1.56
ID Indonesia 1.97 1.53 2.85
IE Ireland 1.09 0.78 1.52
IN India 0.91 0.90 1.37
IT Italy 0.98 0.73 1.28
JP Japan 1.04 0.79 1.48
KR SouthKorea 1.10 0.84 1.60
LT Lithuania 1.08 0.81 1.57
LU Luxembourg 1.12 0.84 1.60
LV Latvia 1.06 0.79 1.53
MT Malta 0.72 0.54 1.05
MX Mexico 1.08 0.96 0.98
NL Netherlands 1.05 0.77 1.49
NO Norway 1.04 0.69 1.08
PL Poland 1.12 0.84 1.63
PT Portugal 0.98 0.77 1.45
RO Romania 0.91 0.77 1.14
RU Russia 0.93 0.66 0.91
SE Sweden 1.08 0.71 0.96
SI Slovenia 1.21 0.92 1.74
SK Slovakia 1.13 0.88 1.71
TR Turkey 0.79 0.68 1.06
TW Taiwan 1.47 1.01 2.24
US UnitedStates 1.02 0.74 0.96
ZA SouthAfrica 0.94 0.90 1.45
WA RoW Asia and Pacific 0.90 1.21 0.76
WE RoW Europe 1.00 0.82 1.07
WF RoW Africa 1.10 1.22 1.23
WL RoW America 1.35 1.29 1.72
WM RoW Middle East 0.52 0.63 0.67

Country/regionAcronym for 
country/region



Using the model, in practice 
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Calculations
§ Calculate the weighted productivity of land [pw ha*year]
§ Multiply the pw with global iLUC LCI per pw ha*year

What does the model provide?
§ Simple: Elementary flows per unit of land use (pw ha*year-eq.)
§ Advanced: iLUC effects of land using activity, linking foreground 

activities to model in LCA software

How	much	land	is	used	per	FU?
Identify market segment (arable, forest or range)
Identify the productivity factor of land

Input data:
1. Land occupation 
2. Market 
3. Productivity factor 



The model in 
- Example: Wheat
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The model in 
- Example: Wheat
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The model in 
- Example: Wheat

iLUC	model



Examples of application
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All	examples	can	be	accessed	here:
https://lca-net.com/projects/show/indirect-land-use-change-model-iluc/



Case with palm oil industry:
- Palm oil at United Plantations
§ Detailed LCA	studies	since 2004

29

Teluk	Intan

Pangkalanbuun

9	estates:	35	800	ha

3	estates:	9	800	ha

Picture:	Jannick	Schmidt,	United	Plantations,	Lada	Estate



Different crops
- and the role of iLUC
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Results	extracted	from	LCA	data	in:
Dalgaard	R,	Schmidt	J,	Cenian K	(2016). Life	cycle	assessment	of	milk	-	National	baselines	for	Germany,	Denmark,	
Sweden	and	United	Kingdom	1990	and	2012.	Arla	Foods,	Aarhus,	Denmark http://lca-net.com/p/2324
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Global	
market	
for	land

New developments
- Global model

32

Supply	of	land Use	of	land

§ Time-series	for	all	crops,	all	countries	of:
- Area
- Yield
- Production

§ 3	markets	for	land:	Arable,	forest,	range

Integration	with:
Multi-regional	hybrid	input-output	model

Input	data

Output	of	the	model
(next	slide…)



Examples of results (1/2)
- Raw milk and iLUC
§ Exiobase v3, hybrid version inclusive iLUC

-1 
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Raw	milk,	kg	CO2e/kg

CH4 N2O CO2 iLUC

www.exiobase.eu
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Examples of results (2/2)
- Cereals and iLUC
§ Exiobase	v3,	hybrid	version	inclusive	iLUC

34
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What is next?

36

We	currently	work	on:
§ Cross	checking	with	satellite	remote	sensing	(De	

Rosa	et	al.	2017)
§ LUC:	particulates	from	forest	fires
§ Better	carbon	stock	and	biodiversity	data
§ Module	for	nature	conservation	modelling

Potential	developments?
§ Annual	update	of	background	data
§ More	complete	modelling	of	intensification:	Not	

only	additional	fertilizer,	also	irrigation,	pesticides…
§ To	further	investigate	sub-divide	(and	regionalize)	

markets	for	land

36Field	work,	Central	Kalimantan,	April	2017

Field	work,	Central	Kalimantan,	April	2017



Thank you for 
your attention

Jannick Schmidt
Michele De Rosa

https://lca-net.com/clubs/iluc/
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