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What is an LCA?
 "Compilation of emissions, resources and environmental impacts of a product… 

throughout its life cycle
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LCA
 Functional unit
 System boundaries
 Choice of background DB
 Choice of LCIA method

 Data collection
 Linking unit processes

 Calculating results
 Hotspot and contribution

 Conclusions
 Evaluation of consistency, 

completeness and sensitivity



Many standards and guidelines
 ISO 14040 and 14044 (2006)
 ISO 14067 Carbon Footprint
 EU product environmental footprint (PEF)
 EU Renewable Directive (RED)
 GHG Protocol
 PAS2050
 FAO Leap Guideline
 Science‐based Targets (SBTi)
 International Dairy Federation (IDF) Guide for LCA
 Pathfinder Framework Version 2.0
 EN 15804
 …
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Life cycle assessment (LCA)

5Picture: Jannick Schmidt. Hanau palm oil mill, Sinarmas, Central Kalimantan 2018
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LCA methods
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Supply mix: marginal vs average

Market

Supplier 1

Supplier 2

Supplier 3

Supplier 4

How to link:
‐ average, or
‐ marginal

1 kg CO2/kWh

0.5 kg CO2/kWh

0.1 kg CO2/kWh

0.05 kg CO2/kWh

0%

5%

10%

85%

=0.08 kg CO2/kWh

By‐products: substitution vs allocation

Multiply product 
output activity

a (determining)

b (by‐product)

*

Marginal 
production of b

‐b

a

b

Substitution

Allocation

10 kg CO2

‐4 kg CO2

product a:
10 ‐ 4 = 6 kg CO2

80%

20%
80% x 10 kg CO2

20% x 10 kg CO2

product a:
10 *80% = 8 kg CO2



Consequential and attributional models
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Market

Supplier 1

Supplier 2

Supplier 3

Supplier 4

Producer of b
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a

a
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allocated

Consequential
 demand a

  production
  emissions

Attributional
Product a  historical tracking and allocating emissions 
(often via mass/energy/economic criteria)

Purpose: Calculate emissions related 
to a change in demand for product a
 Decision support

Purpose: Calculate emissions allocated to product a
following a normative rule
 Compliance to regulations and specific standards etc.



Direct and indirect land use changes
Effect of 1 ha additional rapeseed field somewhere?
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Somewhere else – at the frontier

Somewhere

Direct land use
changes (dLUC)

Indirect land use
changes (iLUC)

Indirect effects:
Land for displaced crops?

Indirect intensification
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 Effect of 1 ha Nature conservation
 The choice:

– Cultivate oil palm, or
– Nature conservation

Somewhere else – at the frontier

Oil palm plantation in Indonesia
‐ with nature in land bank

Avoided direct land 
use changes (‐dLUC)

Indirect land use 
changes (iLUC)
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Nature conservation
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11

Project promoted and supported by RSPO
Carried out independently of RSPO

Picture: Jannick Schmidt. Sinarmas, Central Kalimantan 2018

Background

 Sustainable palm oil? RSPO certification is the most acknowledged choice
 Little knowledge ‐ what are the environmental benefits?
 Crowdfunded project: https://lca‐net.com/clubs/palm‐oil/ 
 First project 2016‐2000 (16 members)
 Current project 2020‐ (21 members)



Scope
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Current study2016‐2020 studyScope

Results granularity

Indonesia (regions: Sumatra, Kalimantan)
Malaysia (regions: Peninsular, Sarawak, Sabah)
Thailand
Colombia
Nigeria

Indonesia & Malaysia aggregatedGeographical

2016, 20212016Temporal

Estates, smallholdersAverageGrower type

RSPO certified, non‐certifiedRSPO certified, non‐certifiedCertification

Consequential & attributionalConsequential & attributionalModel

Features

1 tonne RBD palm oil, 1 tonne CPOFunctional unit

Consequential:  dLUC + iLUC
Attributional:     PAS2050 approach

Land use changes

Consequential:  yes
Attributional:     no

Nature conservation

Consequential:  no cut‐off
Attributional:     services not included

Cut‐off

92% of global palm oil



Data collection
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 Total industry
– Statistics and GIS
– LCA coefficients to close gaps

 RSPO certified: PalmGHG extracts
– 656 estates (25% of all certified grower entries)
– 186 oil mills (55% of all certified CPO)

minus =

Picture: Jannick Schmidt. Hanau palm oil mill, Sinarmas, Central Kalimantan 2018
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What do the data show?

Picture: Jannick Schmidt. UIE palm oil mill, United Plantations, Peninsular Malaysia 2017

Estates

Oil mills

Key performance indicators (KPIs)for oil palm cultivation. ID & MY 2021
Malaysia

Flows Unit industry RSPO non‐certified industry RSPO non‐certified
Total planted area million ha 5.73 1.03 4.71 15.14 1.97 13.17
Share of area RSPO certified % 18% 100% 0% 13% 100% 0%
Total FFB production million tonne 94.97 17.82 77.15 233.50 35.78 197.72
Share of FFB RSPO certified % 19% 100% 0% 15% 100% 0%
Share of oil palm on peat % 20% 4% 23% 11% 12% 11%
Drainage depth (DD) of peat cm 73 57 74 73 57 76
FFB yield, mature t/ha 18.4 19.3 18.2 17.1 20.2 16.7
Fuel use MJ/ha 1710 2708 1493 1710 1828 1692
Applied mineral N kg N/ha 66 90 61 86 91 86
Applied organic N kg N/ha 21 19 21 19 22 19
Applied mineral P2O5 kg P2O5/ha 49 58 47 37 79 31
Applied organic P2O5 kg P2O5/ha 8 8 8 7 9 7
Applied mineral K2O kg K2O 204 198 205 63 165 48
Applied organic K2O kg K2O 66 57 68 61 69 60

Indonesia

Key performance indicators for palm oil mills. ID & MY 2021

Flows Unit industry RSPO non‐certified industry RSPO non‐certified
Total CPO production million tonne 19.0 5.0 14.1 46.8 11.4 35.4
Share of CPO that is RSPO certified % 26% 100% 0% 24% 100% 0%
OER % 20.0% 20.3% 19.9% 20.0% 21.0% 19.8%

KER % 5.0% 4.6% 5.1% 4.5% 4.7% 4.4%

Share of POME treated with biogas capture % 28% 39% 24% 7% 25% 2%

Malaysia Indonesia

N.B. preliminary data!



Buyer’s perspective
- What is the effect of buying certified palm oil in the market?
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‐31%

GHG emissions

Biodiversity impact

‐26% ‐15%

Picture: Jannick Schmidt. Nature conservation, Sungai Rungau estate, Sinarmas, Central Kalimantan 2017

Results of consequential LCA

Buyer’s perspective:
 Global marginal market
 ID 86%, MY 4%, TH 5%, CO 3%, NG 2%

Respiratory inorganics

N.B. preliminary data!



Results of consequential LCA
Which impacts are most important?
- Global palm oil supply

Most significant impact categories:
 Global warming
 Biodiversity
 Respiratory effects
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N.B. preliminary data!



0.3 m

Good water management
RSPO certified grower

Poor water management
non‐certified grower

Where do the emissions come from? And how to mitigate?
- Peat and water management
Account for up to 95% of GHG emissions
Average: 73 cm  41 t CO2/ha*year
Certified: 57 cm  32 t CO2/ha*year

O2 CO2

Drainage
+ C

Peat = Organic soil (high carbon)

1.2 m

17Picture: Jannick Schmidt. Peat water management, Central Kalimantan 2018
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Where do the emissions come from? And how to mitigate
- Biogas capture
 Anaerobic ponds methane
 POME emissions account for around 1/3 of GHG emissions
 Can be more than eliminated by biogas capture

Picture: Jannick Schmidt. Biogas digester tanks at UIE palm oil mill, United Plantations, Peninsular Malaysia 2017Picture: Jannick Schmidt. Anaerobic pond for POME treatment



19

 1 ha*year nature conservation (mineral soil) = saves 1 tonne CO2

 1 ha*year nature conservation (peat soil) = saves 33‐42 tonne CO2

Picture: Jannick Schmidt. Nature conservation, Sungai Rungau estate, Sinarmas, Central Kalimantan 2017

Nature conservation as a means to mitigate



Breakdown of palm oil at global market
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GHG emissions (kg CO2e/kg RBD palm oil)

2.97 4.32Total
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N.B. preliminary data!



Producers perspective: geographical differences

2%2%2%2%2%2%11%12%11%23%4%20%Peat

0%28%7%65%100%68%2%25%7%24%39%28%Biogas

14.322.215.817.619.117.616.720.217.118.219.318.4Yield (t/ha)

GHG emissions
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N.B. preliminary data!



Producers perspective: geographical differences
- Sub-national
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8%13%11%3%66%7%16%3%1%9%8%13%9%3%55%Peat

7%3%29%20%17%23%30%25%52%59%11%9%28%28%28%Biogas

15.717.521.716.715.221.219.621.417.911.216.517.821.616.914.4Yield (t/ha)

GHG emissions
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N.B. preliminary data!
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Producers perspective: temporal differences

11%20%23%21%12%11%4%11%Peat

2%6%24%15%25%12%39%16%Biogas

16.716.418.219.020.219.919.320.2Yield (t/ha)

GHG emissions
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‐14%

‐4%

N.B. preliminary data!



Producers perspective: smallhoders vs estates

18.415.118.915.6Yield (t/ha)

Malaysia Indonesia
GHG emissions
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N.B. preliminary data!



Conclusions
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 RSPO certified outperforms non‐certified
 Large differences

– Cultivation on peat soil  significantly increases GHG
– POME with biogas capture  significantly reduces GHG

 Smaller differences
– Smallholders have smaller yields  high GHG

 Mitigation options
– Avoid peat
– Use biogas capture
– Set‐aside high value conservation and high carbon stock

Pictures: Jannick Schmidt. Tanjung Puting, Central Kalimantan 2018
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Thank you
Jannick Schmidt, Ph.D., CTO

2.-0 LCA consultants
lca-net.com


