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Introduction

Forest cover in Sumatra, Indonesia

. a

* Large decreases of forest
cover in Sumatra, Indonesia
during the last years

* Oil palm expansion is one of
the main causes of forest loss

Kilometers
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B Forest lost since 1985 Laumonier et al. (2010) Biodivers. Conseryv.
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Introduction

Biofuels
Biofuels were considered an alternative to reduce GHG emissions from fossil
fuels =@ politically endorsed
Debate regarding benefits of biofuels increasing
e Studies show + and — effects on GHG emissions

No full greenhouse gas (GHG) budget (considering net CO, CH, and N,0 fluxes)
available for oil palm plantations, or considering plantation age

Studies on the effect of palm-oil biodiesel not based on measured GHG budgets



Introduction

EU regulation regarding biofuels
* Renewable Energy Directive (REW) of the EU (2009, modified in 2018): biofuels
must reach

e atleast 60% GHG emission savings for biofuels that start production operation before
2020,

» at least 65% for operations starting between 2021 and 2026, and
* at least 80% for operations after 2026.
* Life cycle analysis (LCA) is the methodology used to assess the saving

* LCA considers biofuels as CO, neutral: CO, absorbed in cultivation = CO, released when
burning biodiesel = “C neutrality assumption”

* LCA based on field measured data not available for palm-oil biodiesel



Methods

Objectives

* Measure GHG budgets in young and mature oil palm plantations
 Compare GHG budgets for oil palm plantations in mineral and peat soils

* Provide the first LCA for palm-oil biodiesel based on field measured data for
first-generation oil palm plantations

* Evaluate scenarios for increasing emission savings for palm oil biodiesel for
15t and 2" rotation cycles o,

Methodology

* Measured GHG fluxes at the field level — chambers and eddy covariance
* Update LCA with our field measurements
* Develop strategies to potentially increase emission savings

* Evaluate GHG emissions from 2" cultivation cycles



Methods

Study sites Mean annual temperature: 26.7 + 0.2°C
Mean annual rainfall: 2235 + 385 mm

2 oil palm plantations in Jambi, Sumatra, Indonesia (1991-2011)

Young — non productive Mature — productive
(1-year old) (12-year old)
8 months —(2013-2014) 2 years —(2014-2016)
Fertilization: 88 kg N ha'! Fertilization: 196 kg N ha!

Mineral soils 90% Mineral soils + 10% Peat soils



Results and discussion

Ecosystem CO, measurements: eddy covariance

Net ecosystem CO, exchange (NEE): measurements every 30 min

NEE (gCm2h™)
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* Uptake >>in 12-yr

e Similar night fluxes
in both plantation
sites

e As autotrophic
respiration is
smallerin 1-yr old
(smaller palms),
heterotrophic
respiration is
larger in young
plantation
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Time of day (hours) Meijide et al., 2020
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Results and discussion

Soil GHG emissions: chamber measurements

a)

Soil respiration
(mgCm2h?)
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e Similar GHG emissions from 1- and 12- yr old plantations on mineral soils

e Larger emissions from peat soils than from mineral soils
Meijide et al., 2020



https://www.nature.com/articles/s41467-020-14852-6#Sec20

Results and discussion

Measured GHG fluxes from plantations

1-year old plantation b 12-year old plantation

GWP: 3758 + 187 gCO,-eq. m 2year ' GWP: 686 = 353 gCO,-eq. m “year ' | |GWP: 4596 + 1146 gCO,-eq. m year
N E N
| NEP: 1012 + 51 gC m%year" | | NEP: 146 +94gCmPyear’ | " | NEP:1230+292 gC m?year"" |
N :

Zero
| NEE:1012+51gC m?year” || yield

% 2 - Yield: } (\A 2.\ 3 i
NEE: —754 + 38 gC m™“year" 900 + 49 gC m2year™’ NEE: 330 + 288 gC m™year'

"‘,( R

| N,O: 0.11 + 0.05 g N-N;O m?year "™ ||/ |
L |

N,0: 0.3  0.17 GN-N,0 m‘zyea‘ k N;0:0.95 + 087 gzb m2year" |
\|/A CH,: —0.13 + 0.02 gC m2year " CHj,: —0.13 + 0.02 gC m?year™’ CH,: 0.00 + 0.18 gC m2year™’
HARMCA NN, B RN RN A NGO, NEMRMA LOGHONN h V4 AV
Mineral C:5.18 + 0.66 kgC m2 Mineral=/ C:4.43+0.35kgC m™? 7N\ C:36.17 +15.68kgCm? ks Peat
soil N: 0.36  0.06 kgN m™2 soil N: 0.27 + 0.02 kgN m™ \ N: 1.91 + 0.77 kgN m™ soil
* indicates that fluxes were not directly measured in our study sites but
estimated from other measurements.
Meijide et al., 2020
* Young plantation is a GHG source
* Mature plantation in mineral soil is a sink = when harvest is considered it is
also a source
[ ]

Mature plantation in peat soil is a source = GWP from mature plantations in
peat 7 times larger
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Methods

Life Cycle Analysis
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Meijide et al., 2020 10
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Results and discussion

Improved LCA shows no GHG savings compared to fossil fuels

Cultivation
R efe re n c e Non-biogenic CO, emissions |
fOSSiI fUElS: i Labour |
\—Tlamped-—
94 g CO z'e q . co, Sinks Chemicals and other |
MJ1
GHG
~CH,

Diesel

Emissions
129% larger
than from

reference
fossil fuels l

TOTAL NET EMISSIONS
216 g CO, 6q. MJ™

T

156 g CO, eq. MJ™"
(133 + 24)

Biodiesel

59 g CO, eq. MJ™

Land-use change
related emissions

Meijide et al., 2020

Foregone sequestration
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Yield (kgFFB ha')

Yield (kgFFB ha)

Methods

Additional Scenarios which could potentially increase GHG

savings

 We developed additional scenarios with longer plantation cycles and
early yielding varieties for 15t and 2" oil palm rotation cycles:

a
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Business- as-usual =» improved LCA: field data; plantation cycle 25 years
Sc. A: field data; plantation cycle 30 years
Sc. B: field data; plantation cycle 40 years
Sc. C: early yielding variety; plantation cycle 30 years
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Meijide et al., 2020
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Additional Scenarios which could potentially increase GHG

savings

Net ecosystem CO, exchange (NEE) decreases with longer plantation cycles

Methods

(Sc. A & B) and early yielding varieties (Sc. C)

NEE decreases in 2" oil palm rotation cycles

Yield — FFB (fresh fruit bunches) assumed to be the same in 15t and 2" oil palm

rotation cycles

a

Running mean of NEE over the
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Meijide et al., 2020
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gCO,-eq.MJ™"

Results and discussion

No GHG savings from 15t rotation cycle

300

Biodiesel from oil palm plantations in the 1st
rotation cycle after forest conversion

+98% +129% +91% +48% +72%

240 -

180 A

120 A

60 -

—60 -

Reference fossil fuel emissions (94 gCO,-eq.MJ™)

-120

Difference to fossil fuel reference
emissions (%)

@ Net emissions

Foregone
sequestration

Land-use
change
emissions

Milling

Sinks

Traditional Business- Sc. A Sc.B Sc.C
LCA as-usual
Land-use change related
v v v v v emissions
Biogenic emissions
X v v v (improved LCA)
Rotation cycle

25 25 30 40 30 (years)

4 X X X v Early yielding
186 216 180 139 161 Net emissions

(173,199)  (201,230) (168,193)  (128,150) (148, 175)

(gCO,-eq.MJ™")
mean (25, 75-percentile)

e  Emissions from business-
as-usual (improved LCA)
> Traditional LCA

* No GHG savings from

any scenarios =@ land-
use change related
emissions are too large
to produce emission
savings

Meijide et al., 2020 14
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Methods

Soil organic decay and soil respiration along plantation life cycle

a)

soil carbon stock (%)

b)
1004--@l.-.-.......... Teference forest soil carbon stock: | R 100 e g e b L N o
100% = 5.43 kgC m e 100% = 1412 mgCm 2h " a0 =
5 % £ g S
- 6 120 2
S E 801 =t
4 2 2 2
60‘ E 60_ ........................ [EEEEEEE seeceiooen r.—.—.—r ‘_:
equilibrium soil carbon stock under oil palm: ., @ gilpain equibnimissiespigtions -80 O
60% = 3.26 kgC m 2 3 60% = 84.7 mgCmh
50 501
0 10 20 30 40 0 10 20 30 40
years since deforestation years since deforestation
* Decay of soil C during plantation cycles = we assumed that soil
respiration (SR) follows the same decay rate
» Estimation of Net ecosystem exchange (NEE) for 2" rotation
cycles:
=» NEE2nd = NEE1st — SR1st + SR2nd
Meijide et al., 2020
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Results and discussion

GHG savings only possible in 2" rotation cycles or degraded land

Biodiesel from oil palm plantations in the 1st Biodiesel from plantations in the 2nd
rotation cycle after forest conversion rotation cycle (or established on degraded lands)
- [ +98% | [+129%] | +91% | | +48% | [ +72% | Pferenccie oo eterence | _ggos | [ —65% | | -71% | | -76% | [ -77% |
@ Net emissions
240 1 Foregone 240 4
sequestration
180 - Land-use 180 1
,; change 'T__’
emissions
%_ 120 -~ Reference fossil fuel emissions (94 gCO,-eq.MJ™ %_ 120 A Reference fossil fuel emissions (94 gCO,-eq.MJ™)
@ E ek v il v il v v S s s i
OL\I 60 ] (DN 60 A — — — —
o - Q ([ ]
& 1 00 [ - - | wme % | 0 . S ] -
_60 - Sinks —60 -
-120 -120
Traditional Business- Sc. A Sc.B Sc.C Traditional Business- Sc. A Sc.B Sc.C
LCA as-usual LCA as-usual
Land-use change related
v v v v v emissions X X X X X
Biogenic emissions
X v v v v (improved LCA) X v v v v
Rotation cycle
25 25 30 40 30 (years) 25 25 30 40 30
X X X X v Early yielding X b4 X X v
186 216 180 139 161 (ggtoe[‘;';s“'ﬂcj‘j) 30 33 28 23 21
,-eq.
(173,199)  (201,230) (168,193)  (128,150) (148,175 - (25 75-percentile) (27, 32) (23, 44) (18, 38) (12, 36) (9, 34)

* Due to the high emissions associated with forest conversion to oil palm =2 only
biodiesel from second rotation-cycle plantations or plantations established on
degraded land has the potential for pronounced GHG emission savings

Meijide et al., 2020 16
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Conclusions

Substantially negative GHG savings from 15t rotation cycles = GHG
emissions are much larger than from the reference diesel

Only possibility for GHG savings is in 2" rotation cycles or plantations on
degraded land

Possibilities for higher savings with longer plantation cycles, early yielding
varieties

- Higher yielding varieties are being developed = may lead to higher
emission savings

The traditional treatment of the palm-oil milling effluent (POME) will
most likely result in higher emissions

Field-measured data and plantation age should be included in LCAs =»
C neutrality hypothesis does not comply

This data could also be valid for other palm-oil products
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