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F lg u re 2  | Trends in global surface te m p e ra tu re  for 1993-2012.  a, O bserved  trends ,  b, Average s imula ted  t re n d s  from 117 s im ula tions  of th e  c l im ate  by 37  CMIP5 
models . As In Fyte etalJ  t h e  s im ula tions  are  s am pled  only w he re  c o rresponding  o bservat ions  exist. Trends are  c o m p u te d  only at grid points  with at  least  5 0 %  
tem pora l  coverage.  The rec tangles  e n c o m p a s s  th e  e as te rn  tropical Pacific region^. In b th e  stippling Indicates w he re  th e  o bserved  t ren d s  are  ou ts ide  th e  5 - 9 5 %  
range of th e  simula ted  trends.

m odels underestim ate the probability  
o f large in ternally  generated cooling 
trends in th is region. We fu rth er note 
th a t the m odels sim ulate externally  
forced w arm ing in  this region since 
about 1970 (Supplem entary Fig. 1), 
w hich is likely to be associated in  p art 
w ith sim ulated w eakening of the W alker 
circulation^ C w hereas observed sea surface 
tem peratures cooled and the W alker 
circulation strengthened over the past 
20 years^’̂ .

in  conclusion, we agree w ith Kosaka 
and Xie^ th a t accounting for cooling in  the 
eastern  tropical Pacific could, in principle, 
reconcile recent observed and sim ulated 
global w arm ing. FFowever, based on the 
CM1P5 ensem ble of climate sim ulations.

the probability  o f sim ulating the recently 
observed eastern tropical Pacific cooling 
w ith a freely runn ing  climate m odel under 
the CM1P5 radiative forcing protocol is very 
low, and hence so too is the probability of 
sim ulating the observed global tem perature 
change over the past 2 0  years. □

References
1. Fyfe, J. C„ G illett, N . P. & Zwiers, F. W  Nature d im .  Change 

3, 767-769 (2013).
2. Kosaka, Y. & X ie, S.-P. Nature  501, 403-407 (2013).
3. M orice, C. P., Kennedy, J. J., Rayner, N . A. & Jones, P. D.

/. Geophys. Res. 117, D08101 (2012).
4. C ow tan, K. & Way, R. G. Q. /. Roy Meteor. Soc. 

h ttp ://do i.org /qbj (2013).
5. IPCC Climate Change 2013: The Physical Science Basis 

(eds Stocker, T. F. eta l.)  (Cam bridge Univ. Press, 2013).
6. Vecchi, G. A. eta l. N a tu re 441, 73 -76  (2006).
7. Tokinaga, H ., Xie, S .-P, Deser, C., Kosaka, Y. & O kum ura , Y. M. 

Nature 491, 439-443 (2012).

A cknow ledgem en ts
We thank Greg Flato and Bill Merryfield for com ments on 
an earlier draft. We acknowledge the modelling groups, the 
Program  for Climate M odel Diagnosis and Intercomparison 
and the WCRP’s Working Group on Coupled M odelling 
for their roles in making available the WCRP CMIP m ulti
m odel datasets. Support for this dataset is provided by the 
Office of Science, US D epartm ent of Energy.

Autho r  contr ibutions
J.C.F. carried out m ost o f the analysis and wrote the initial 
draft. N.P.G. helped w ith the analysis and edited the paper.

Additional information
Supplem entary Inform ation  is available in  the
online version o f the paper.

J o h n  C.Fyfe* a n d  N a t h a n  P.Gil le tt
C a n a d ia n  C e n t r e  for C l im a te  M ode l l ing  an d  
A na lysis ,  V ic to ria ,  British C o lu m b ia ,  C a n a d a .
*e-mail:  john.fyfe(o)ec.gc.ca

CORRESPONDENCE:

Palm oil wastewater methane emissions 
and bioenergy potential
To the Editor — Palm oil production 
is driving economic growth, rural 
developm ent and poverty alleviation in 
m any equatorial economies, yet often with 
loss of tropical forests'. Here we show that 
the climate threats do no t end following

forest clearing: m ethane (CH4) emissions 
from palm  oil wastewater effluent, known 
as POME^, represent a significant and rising 
source of atm ospheric warming.

A typical wastewater facility emits 
around 3,288 tC H 4  y r ', equating to

111,804 tC O jey r ' because o f the 
greater global w arm ing potential of CH 4 

(Supplementary Tables 1-3 and Excel 
database) — comparable to the annual 
emissions of - 2 2 , 0 0 0  passenger vehicles 
in the United States^. This year, emissions
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will reach -135 MtCOjC yr ' pantropically 
(Fig. 1), equal to over 30% of Indonesian 
fossil fuel emissions'*. Projections of industry 
growth^ suggest emissions could rise to 
0.363 gigatons of COjO yr * by 2050, which 
is roughly 1 2 % of gross carbon emissions 
from tropical deforestation*^, or 1 % of current 
global greenhouse gas emissions from fossil 
fuel and cement production'* — a large 
climate im pact that remains insufficiently 
addressed within the public debate over the 
sustainability of the industry.

To be clear, forest destruction, especially 
on peatlands, dwarfs the climate im pact 
of POME CEI4  emissions. O n an areal 
basis, POME releases 7 tCO je ha^^ yr * 
compared with 8 6  tCOje ha^^ yr * from peat 
decomposition^ (Supplementary Table 1 and 
Excel database). Elowever, the inevitable 
shift towards agricultural intensification 
will increase the im portance o f POME CEI4 

in the future. POME CEI4  is well suited 
for bioenergy production, and presents a 
potential w in-w in  for climate m itigation 
and renewable energy production^. A 
typical biogas power plant can produce 
over 15,000 M W h yr * — equivalent 
to the dem and o f -30,000 households 
in Indonesia. In 2013 alone, nearly 
24 m illion M W h of potential electricity 
was unused (Fig. 1), which is one fourth of 
Malaysia’s current energy consum ption . A 
variety of biogas technologies are already 
mature^ (Supplementary Fig. 1), but less 
than 5% of mills globally have tapped this 
resource. Why?

Palm oil miUs already use other 
biomass waste streams for energy^ and 
grid connection is often prohibitively 
expensive in remote areas of Malaysia and 
Indonesia, where m ost mills are located. 
Alongside grid expansion, governmental 
policies are needed that reduce project 
risks and increase economic incentives.
For example, Thailand has established 
a secure power purchase process and 
attractive off-take tariffs*; 48 of 72 palm oil 
mills now generate POME bioenergy. Also, 
Malaysia has launched a national economic 
transformation programme that prioritizes 
biogas implementation to reduce greenhouse 
gas emissions and prom ote renewable energy 
(http://etp.pemandu.gov.my/). Infrastructure 
development will take time, and for mills 
w ithout access to the grid there are immediate 
ways to mitigate POME CEI4 .

POME CEI4  emissions can be captured to 
generate certified emission reductions (CERs) 
via the United Nation’s Clean Development 
M echanism (CDM; http://cdm .unfccc.int/). 
The CDM was a major stimulus for biogas in 
the 2 0 0 0 s, but an oversupply of carbon credits 
has devalued CERs and stalled investments 
for the foreseeable future'*. POME can also 
be used as fertilizer and other derivative 
products, though more research is needed 
to determine best management practices 
and cost effective applications**. All of 
these mitigation strategies face the broader 
challenge of being generally far less profitable 
than competing business investments such as 
land banking, boosting yields or replanting.
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Figurel | M e th a n e  em iss ions  from palm oil w a s te w a te r  are  an u n ta pped  bioenergy resource.  Global sca le  
CH 4  emissions  and electr ici ty potent ia l w ere  calcula ted  by applying CH 4  emission and energy  scaling 
facto rs  to palm oil production s ta t is tics  (S upplem enta ry  Tables 1 -4  and Excel d a tab as e ) .  Error bars  reflect 
th e  uncer ta in ty  in CH 4  em iss ions  at 9 5 %  confidence  intervals  based  on potent ial variation in w a s te w a te r  
t r e a tm e n t  condit ions  at mills th roughou t  th e  t ropics (S upp lem en ta ry  Table 4).  W e  e s t im a te  tha t  5 %  of 
mills c ap tu re  POME bioenergy pantropically  ( shaded  portion).

In ternational consum er m arkets 
could provide additional leverage. The 
Roundtable for Sustainable Palm Oil (www 
rspo.org) has pioneered a comprehensive 
strategy to m ake sustainable palm  oil the 
norm . Already, m em ber producers are 
encouraged to capture biogas (Principles 
and C riteria 5 .4  and 7.8 ;  http ://go .nature. 
com/PqVREj) and will be required  to in 
the future. The RSPO currently  certifies 
1 5 %  of m arket volume, and now  the 
onus is on buyers to consum e sustainable 
palm  oil, w hich w ould in  tu rn  drive 
POME C H 4 abatement.

Though POME CH 4 m itigation w ould 
no t rem ove the damages o f forest clearing, 
it has co-benefits for mill owners, local 
com m unities and those broadly im pacted 
by climate change. C rucially  the financial 
benefits from  POME bioenergy m ust 
be coupled to a stric t m oratorium  on 
forest clearing to prevent the financing of 
deforestation, w hich w ould overw helm  the 
climate benefits o f POME C H 4 bioenergy. 
Progress on both fronts is slow, bu t direly 
needed if  palm  oil is to fully achieve its 
prom ise of social, environm ental and 
econom ic prosperity. □
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A d d itio n a l in fo rm a tion
Supplem entary Inform ation is available in the online 
version of the paper.
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