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Bioenergy and sustainability issues



Use of U.S. Croplands for Biofuels Increases Greenhouse Gases Through Emissions

from Land Use Change
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Most prior studies have found that subztitating biofuel:
for gasoline will reduce greenhouse gasses because
biofuels sequester carbon through the growth of the
feedstock. These analyzes have failed to count the carbon
emizzions that sccur as farmers worldwide respond to
higher prices and convert forest and grassland to new
cropland to replace the grain (or cropland) diverted to
bisfuels. Using a worldwide agricultural model to estimare
emizsions from land use change, we found that corn-bazed
ethanel, instead of producing a 20% savings, nearly
double: greenhounse emizsions over 30 years and increases
greenhouse gazses for 167 years. Biofuels from
switchgrass, if grown on U.5. corn lands, increase
emizsions by 50%. Thiz result raizes concerns about large
bisfuel mandates and highlishts the value of using waste
producis.

Meost life-cyele stadies have found that repl
with ethanol modestly reduces greenhouse g
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made from corn znd substantizlly if made from cau'u 052 or
sugarcane.(J—8). These studias compare emissions from the
saparate steps of growmg or minmg the feadstocks (such as
corn or crude oil), refining them into fuel, and bummg the
fuel m the vehicle In these stages alone, as shown i Table 1,
corn and cellulosic ethancl emissions exceed or match those
from foszil fuels, and therefore produce no greezhouse
benefits. But because mowing biofuel feedstocks removes
earben dicxide from the atmosphers, biofuels canin theory
reduce GHGs relative to fossil fuels. Smdies assign biofuels a
eredit for this saquestration effect, which we call the “carbon
uptake” credit rprcally large emough that overall GHG
emmssions from biofuels are lower than thoss from fossil
fuels, which do not receive such a credit bacausa they taka
their carbon from the ground.

For most biofuels, zrowing the feedstock requires land, so
the cradit represents tha carbon benefit of deveting land to
bofuels. Unfortmately, by excluding emissions from land
nse change, most previous accountmgs were one-sided
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because they counted the carbon benefits of nsmz land for
bicfinals but not the carbon costs — the carbon storage and
sequestration sacrificed by divertmz land from ifs existing
uses. Without biofuels, the extent of cropland reflects the
demand for food and fber. To produce biofuels, farmers can
direcily plow up more forest or grassland, which releases to
the atmosphera much of the carben previously stored
plants and seils through decompos or fiva. The loss of
maturmg forests and grasslands alse forgoes ongomsz carbon
sequestiztion as plants grow each yaar, and this foregona
sequeshation 15 the equivalent of additional enussions.
Altematrvaly, farmers can divert existing crops or croplands
mito biofuels, which causes simular emizsions indirectly, The
diversion trizgers igher crop prices, and farmers around the
world respond by clearing more forest and grassland to
replace crops for fzed and food. Studies have confimzed that
hugher sovbean prices accelerate cleanmz of Braz:lian
rainforest. (¥) Projected com ethanol m 2016 would use 43%
of the U.S. com land harvested for svam m 2004 (}—
ovarwhelmingly for livesteck (I J)—requirmg big land use
chianges to replace that gziam.

Because sxistmz land already provide carbon benefits
m storage and sequestration (o, m the case of cropland,
carboliydratas, protemns and fats), dedicating land to biofuels
can potentially reduce gresnhonse gasses only if domg so
the carbon benefit of land. Proper accountings must

increas

reflect the net mpact on the carbon benefit of land, not
merely count the gross benefit of usmz land for biofiels.

(the cdbo: '..pt;ke -'1vech ) st et{:aed the carbon storage and
sequastration given up directly or indireetly by changing land
uszas (the emussions fom land use change).

Many prior studies have acknowledgad but failed to count

enussions from land use change because they are difficult to
- quantification lacked formal
agric nua.l modeling and other faatures of our analy

(1,
1) To estimate land use changes, we nsed a worldwide model
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Land Clearing and the Biofuel Carbon Debt
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Increasing enerzy wie, climate change, and carbon dioxide
(C0) emizsions from fossil foels make switching to Low-
carbon foels a high priority. Biofuel: are a potential low-
carbon energy sonrce, but whether biofuels offer carbon
savings depends on how they are produced. Converting
rainforests, peatlands, savannas, or gras:lands to produce
food-based bicfuels in Brazil, Southeast Asia, and the
United States creates a “biofoel carbon debt’ by releasing
17 to 420 times more C0, than the anoeal greenhonze gas
(HG) reductions these biofuels provide by displacing
foasil fuels. In contrast, biofuels made from waste biomass
or from biomass grown on abandoned agricoliural lands
planted with perennial: incar little or no carbon debt and
offer immediate and ustained GHG advantages.

Demand for altermatives to perolsam i i
production of biofeels from food crops
sugarcane. soybenns and palms. As a result, land in

Sourtheast Asia. is being converted 1o biofiel producton and
to crop production when agricultural land 1z diverted fo
binfuel praduction Such land clzaming may be further
accelerated by lizpocelhilosic biofuels, which will add ta the
agriculmral land base neaded for biofuels unless blofmels are
produced frem croos grown on avandoned agriculural lands
o7 from waste bioma
Soils and plant biomass are the two largast bislopically
actve stores of remestrial carben, weether containing 2.7
times more carbon than the ammasphere (). Converdng natve
habitats fo cropland relsases OO, due to burning or microbial
decompaosition of organic carbon stored in plant biomass and
soils. After a rapid release from fire used to clear land or from
decomposition of leave: 2nd fins roots, there is 2 prolonzed
peried of GHG relaaze as coarss roots and branches decay
and 25 wood preducts decay or bum (2.
the amovme of OO0 released during the first 50
3 process the ‘carbon debt” of land comversion.
Crver time, biofuels from converted land can repay this carbon
debt if their production and combastion has net GHG
er_u;simls rhn' are kass 'L"m:l rhe '|.ﬁe<\'cle em;s:ims of the
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biofiels fram converted lands have greatsr GHG impacts than
the fossil fuels they displace. For crops with non-hiofiel co-
products (2.8 p’J:n kemmal 0|J and meal, soybean meal, or
distllars dr E’aJI'.:] we partition the carbon debt into a
“hinfuel carbon de
the market values of the biofiee] and

Hera we calculate how Large biofuel caron de 3
Ieow many years are required to repay them, for six different
cases of native habitat conversion: Brazilian Amazon fo
sovbean biodiesel, Brazilian Cemrado
Brazilian Cemrado to sugarcane ethanol, Indonesian or
Malaysian lowland wopical rainforest to palm biodiesel,
Indomesian or Malaysian peatland opical rainfozest to palm
biodiesel, and U5 Central zrassland to com ethamol
510, These cases ilusmate some of the graater o |—e:mr_'||:w: H
of t“]ﬂf.lel: on habitat ceoversion. Indonsesia and Malaysia
account for 86%: of global palm oil production {f)
Accelerating demand for palm odl is contrburting to the 1.3%:
acmaal rate of daforsstation of wopical rainforests m these
natzons (7). An estimated 27% of concessions for new palm
oil plantations are o peatland wopical rainforests, indaling 2.8
« 10f ha in Indonesia (7). Brazilian Cemrado is being
comverted o sugarcane and soybeans, and the Brazilian
Amazon 15 being comveried 0 soybeans (§-10). Grassland in
the US, primarily ranzaland or land cumrently retited m
COMSETVAtion programs, is being converted to com production
Rising prices for corn, wheat. and soybeans could cause
mtial portion of the 1.5 « 107 ka of land carreatly in the
7% Comservation Feserve Program 1o be comvered to
cropland (1)

We estimated carbon detes by caloulatng the amount of
0, released from ecosystem biomass and soils. Cur apalyses
account for the ameuns: of plant carbon releasad as Oy
through decompositon and combustion, the amoumt
converted te charcoal (charceal is not part of the carbon debt
because it is Tecalcrirant to decompasition), and the amovm:
meorporated mie merchantable tmiber and other lonz-lved
foresmy products, which have a half-life of about 30 years (3.
1 7). Changes m carbon stores caused by land conversion and
biofue! production, mainly from accelsrated dacomposition,

21
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Indirect land use change (iLUC)

Both papers address land use change — from ‘natural’ to
managed

Searchinger et al. — focus on transformation from food to fuel
uses and downstream impacts, using US data

Fargione et al. — focus on transformation from forest or grassland
to cropland/plantation, using international data

Both papers estimate ‘biofuel carbon debt’
Common scenario — ‘grassland’ to corn
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Potential emission scenarios (by 2015)
100,000 g C0,/GlJ (HHV)
90,000
80,000
70,000
60,000
50,000 ccon
40,000
30,000
20,000
10,000
0

Gasoline Corn Corn Corn Corn
Natural Gas Corn Stover Natural Gas, CCS Corn Stover, CCS
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Measuring sustainability

Greenhouse gas balance
g CO, km, g CO,-e km, MJ km

Energy balance (MJ in vs. MJ out)
All based on lifecycle analysis (ISO Standard)

‘Well-to-wheels’ analysis:
Production of biomass
Transport of biomass
Conversion to transport fuel
Distribution of transport fuel
Use of transport fuel

Other key issues: water consumption, biodiversity impacts
Also social and cultural sustainability — ‘creative economy’

INSTITUTE FOR ENERGY &
@een's ENVIRONMENTAL POLICY k



Queens

Certification of sustainability



What is certification?

An initiative that encourages landowners and/or industry to
implement sustainable practices

Designed to give consumers assurance that products come from
sustainable processes and/or management

Criteria for sustainability are measured using specific indicators
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Certification criteria

Greenhouse gas balance & carbon sinks

Competition with food / other indirect land use change
Biodiversity

Local environmental effects

Local economic effects

Social well-being of employees

Indigenous peoples’ rights
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Two approaches

1. Chain-of-custody approach:

» Use broad criteria, performance
measures and specific indicators
to monitor performance over
time

»  Works well when a number of
different pathways could lead to
the same product, or when
multiple feedstocks are used for
one basic product category

PRODUCT

A
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Two approaches

2. Management approach:

» Generic guidelines and
standards (ISO 14001)

» Feedstock specific guidelines
(i.e. Forestry specific guidelines
such as SFI, CSA)

J \) »  Works well when one dominant
feedstock is used for multiple
products

PRODUCT § PRODUCT § PRODUCT
A B C
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Certification schemes

Biomass energy crops
Roundtable for Sustainable Palm Oil (RSPO)
Developed a set of criteria and indicators, certification system

Power sector

Developed certification standards for internal use
(i.e. Essent Green Gold Label)

Green electricity labels are usually national level

Forest-based systems

Forest Stewardship Council
Programme for the Endorsement of Forest Certification Schemes

Others

Note: most forest-based systems are guided by International Standards
Organisation (ISO) guidelines

Clean Development Mechanism
Promotes sustainable development in host country
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EC — Background report

b tg Biomase coneultante, rezearchere and enginesrs

biomass technology group

Project No. 1386

Title Sustainability Criteria & Certification
Systems for Biomass Production

Final report

== Intemational environment

L+ intemational acoepiance (WTO). g of plomiass, secu
. CEMISD siandards

e
1. 5

Date February 2008

Prepared for DG TREN - EUROPEAN COMMISSION

btg .

Diomass teahnology group e x

February 2008

Summary of all
sustainability criteria,
certification systems for
biomass production

Prepared for DG-TREN
(responsible for the
Bioenergy Directive)
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EC - Current Status

17 Dec. 2008: EU Parliament voted in favour of a directive on the
promotion of the use of energy from renewable sources (includes
criteria for sustainability)

31 March 2010: Deadline for EU states to present National Action
Plans (NAPs) on renewables
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Biorefining and certification



Biorefining

r Pretreatment

Hydrolysis

BIOETHANOL
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Biorefining

Cellulose Lignin
Pretreatment
Hemlcellulose

Low-Grade High-Grade
Syngas, Heat Syngas

Hyd rolysis

5,6-C Sugar

<—6-C Suga r—>l

Cataly5|s

BIOETHANOL BIOGASOLINE

BIOPRODUCTS K. J
BIOENERGY

INSTITUTE FOR ENERGY &
Qgeen's ENVIRONMENTAL POLICY A

UNIVERSITY



Biorefining

BIOETHANOL BIOGASOLINE
BIOPRODUCTS

BIOENERGY
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Management certification

R = e e e e
D ——

BIOETHANOL BIOGASOLINE
BIOPRODUCTS

BIOENERGY
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Chain of custody certification

| TN

BTL
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Conclusions

Sustainability issues around biofuels has been focused on carbon
balance — but sustainability actually means much more than just
CO, reductions

Even on the issue of CO,-equivalent emissions, there is lots of
flexibility; the goalposts continue to move

EU experiences:
Considerable demand for sustainability criteria — an ongoing debate
Individual country efforts have helped shape this debate
Highlights the need for accepted certification schemes

Biorefining requirements
Multiple product potential — not a simple certification fix

Management certification could be applied to feedstock production —
focus would likely be environmental

Chain of custody certification applied to various product pathways — focus
would likely be social and economic
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