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Summary

This screening LCA is carried oug#in insight into the environmental impact associated with cashew and rice
g tdzS OKFAya fAYy{1SR (G2 DL%QA [/ 2YLSIHGAGAGBS ! TNAOIY wA
(ComCashew).

Eventhough West Africa is the largest cashew producing megibe vast majority of the raw cashew nuts is
processed in South East A§laade for Deelopment Centre, 2018)At the same time, rice productn in West

Africa cannot meet domestic demand, and a large share of the rice is imported from Asia. This screening LCA
provides insights into thenvironmentalimpactof the current rice and cashevhains, and compaeit to the

situation in whichboth food products would be produced and processed locailyVest Africa.

This study therefore investigates the environmental impact of enhanced localized production and processing, as
well as the impact bapplying climatesmart pracices. The study fills an important gap that exists when it comes
to LCA data for food products and value chains originating from West Africa.

The LCA focuses on Nigeria for the rice value chain, and Ghana for the casheshaau&he scopef the LCA

is cradle todistribution, and includesall stepsfrom cultivation up to transport to thelestinationmarket For

rice, the emphasis lies on investigating the environmental impact of different production practicesaefgd

cultivation versus irrigation) and comparing the locally producedtadéeported rice from Asia. For cashethe

influence of applying good agricultural practices (GAP) was assessed, as well as the impact of processing cashew
locally instead oin Vietram.

This study is conducted in accordance with the ISO 14040 and 14044 LCA methodological st@adards
cultivation, transport and processing in West Africa was collected from cashew and rice farmers and processors
linked to the ComCashew ai@ARI priects(so data is not representative for average cashew or rice farming in
these countries)For Vietnam, existing data on rice production practices was obtained through the Institute for
Agricultural Environment (IAE).

Emissions were calculateging IPC Guidelines (for cultivation), as well as Agoitprint 5.0 and Ecoinvent 3.4
LCA databases (for transport, agmputs, energy and use of machinery). BeCiPe 201énvironmental impact
categories for climate change, fine particulate mattemfiation, fossil resource scarcity, water use, and land use
were taken into consideration. A separdgcetool has been developed that allows calculating and monitoring
the carbon footprint for each of the value chain stages, and can help to easilyfjdehterein the value chain
climate mitigationgains can be made.

Results for ice

As shown in the figure and tabkelow, the average rice produced by CARI farmersligeriahas a 47% lower
carbon footprint than rice imported from Vietnam. Rainfed roem CARfarmershas an even lower footprint,

as methane emissions from anaerobic decomposition of organic material are minimal. Due to its low yield,
rainfed rice does however have a higher impact for land use, ecotoxicity and fine particulate matter formation
compared to irrigated ricédrom CARI farmers

Imported rice from Vietnam has a highenvironmental impactbecause of fewer aeration peds during
irrigation, higher transport emissions, burning of more rice straw, and higher level of mechanization.

The sdidity of these results is underpinned by an uncertainty analysis, illustrating that the impact results for
climate change, fossil resoze scarcity and fine particulate matter formati@re significantly lower fothe
Nigerian rice as opposed to Vietnaneaice.



Tablel Environmental impact category results for 1 kg of white rice, with the coloured bars showingatiee nedsult for
each category

Irrigated rice Rainfed rice Average rice Average rice

Impact category

Nigeria Nigeria Nigeria Vietnam
Global warming (excl. LUC) |kg CO, eq 1.487 1.215 1.375 2.601
Fine particulate matter kg PM2.5 eq 0.011 0.012 0.012 0.014
Land use mzu crop eq 1.259 2.106 1.537 1.789
Fossil resource scarcity kg oil eq 0.192 0.201 0.195 0.279
Water consumption m? 0.453 0.007 0.306 0.244
Water scarcity index m? 0.137 0.005 0.094 0.088
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Figurel dimate change impact for theradleto-distribution stageg1 kg white rice), and cultivation stage (1 kg paddy rice)
of rice

The results clearly show the environmental benefit of stimulating local production and processing iof rice
Nigeria Theenvironnmental impactcould be further lowered byncorporating organic material long before
cultivation, using rice straw productively (e.g. in rice processing), arstitmylatingmore frequent drainage
periods. Results can become more accurate by carrying dualmethane measurements in rice fieldsyd by

a more detailed study into the impact of land use change.

Results for cashew

Cashew that is grown with good agricultural practices (GAP) and processed in Ghana has the lowest impact for
allenvironmentalimpact categories under consideration.

Gharaian cashew that iprocessed in Vietnamesults in a 43% higher carbon footprint aé@% higheuse of
fossil fuels, which is attributed to the long transport distance.



Table2 Environmentaimpact category results for 1 kg of cashew kernel, with the coloured bars showing the relative result
for each category

Cash
GAP non GAP average ASHEH
Impact category processed
cashew cashew cashew )
in VN
Global warming kg CO, eq 2.204 2.556 2.205 3.156
Fine particulate matter |kg PM2.5 eq 0.008 0.012 0.008 0.012
Land use m2a crop eq 77.232 156.130 77.470 77.470
Fossil resource scarcity kg oil eq 0.398 0.460 0.398 0.662
Water consumption m?3 0.014 0.024 0.014 0.014

The solidity of these results is underpinned by an uncertainty analysis, illustrating that the impact results for
climae change, dssil resource scarcity and fine particulate matter formation are significantly loweafirew
processed in Gharas opposed t@ashew processed in Vietnaiven if processing in Ghana would be 50%
less efficient and in Vietnam 50% more efficient, caspeveessed in Ghana would still have a lower carbon
footprint.
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Figure2 Climate change impact fahe stages cradle to distributiofl kg cashew kernel), and cultivation stage (RKEN) of
cashew

The results clearly underpin trenvironmentalbenefit of stimulatingprocessing in Ghana instead of Vietnam,
and of encouagng the application of good agricultural practicesA@. The environmental impact could be
further lowered by usinghe cashew apple productivelynstead of letting it rot in the fieldData qualitywould
improve through collecting primary data on cashew processing in Ghana and Vidtiwdenthat the average
cashew represents the averagashew cultivated in Ghana bgrmers linked to ComCashew. Since the vast
majority of these farmers implement GAPaptices the average is very close to the GAP farmers. This average
was used foraw cashew nuts that are processedVietnam.
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Abbreviations

CH Methane

CNSL CashewNut Shell Liquid

ca Carbon dioxide

GAP  Good Agricultural Practice

GH Ghana

GHG Greenhouse gas

IAE Institute for AgriculturaEnvironment (Vietnam)
ISO International organisation for standardization
LCA  Life cycle assessment

LCI Life cycle inventory

LCIA Life cycle impact assessment

LUC  Land Use Change

N Nitrogen

N20 Laughimg gag nitrous oxide/ dinitrogen monoxide
NG Nigeria

PEF Product Environmental Footprint

PEFCR Product Environmental Footprint Category Rules
RCN  Raw cashew nut

ReCiPeThis is not an abbreviation but a name of a life cycle impact assessment method
SRI System of Rice Intensification

SRP  Sustainable Rice Platform

VN Vietnam



Definitions

Allocation: A step in the inventory analysis in which the inventory modetied and the input and output
flows of multifunctional processes are partitioned to the ftianal flows of these processes.

Category indicator A quantifiable representation of an impact category, e.g. infrared radioactive forcing for
climate changéGuinée et al., 2002)

Category unit Unit to express the category indicatBuinée et al.2002)

Characterisation factara factor derived from a characterisation model for expregsiparticular environmental
intervention in terms of a common unit of the category indicai@Guinée et al., 2002)

Characterisation methoda method for quantifying the impact of environmental intertiens with respect to a
particular impact category; it compromises a category indicator, a ckeniaation model and characterisation
factors derived from the mod€lGuinée et al., 2002)

Characterisation unitused to express the indicator result which is the numerical result of the charactenisati
step for a particular impact category, e.g. 12 kg-€quivalents for climate chang&uinée et al., 2002)

Functional unit The quantifiel function provided by the product system(s) under study, for use as a reference
basis in an LCA

Impact category a class representing environmental issueaifaern to which environmental interventions are
assigned, e.g. climate change, loss of bioditse(G&uinée et al., 2002)

Life Cycle Assesant (LCA)Compilation and evaluation of the inputs, outputs and the potential environmental
impacts of a product systethroughout its life cycl€lSO, 2006a)

Life Cycle Impact Assessment (LCBtageof life cycle assessmentnagd at understanding and evaluating the
magnitude and significance of tipetential environmentaimpacts for a product system throughout the life cycle
of the product(ISO, 2006a)

Reference flowMeasure of the outputs from processes in a given product system required to fulfil the function
expressed by théunctional unit(ISO, 2006a)



1. Introduction

For its ComCashew and CARI projects, GIZ aims to gain an understanding of the envirampaotaif the

cashew and rice value chajrendhow it compares to cashew and rice production grdcessing in Asi&ven

though West Africa is the largest cashew producing region, the vast majority of processing occurs in South East
Asia(Tradefor Development Centre, 2018t the same time, rice production in Africa cannot meet domestic
demand, and a large share of the rice is imported from £&&mna, Senthilkumar, & Sie, 201This screening

LCA provideinsighs into the environmentalimpact of the currentrice and cashewhains and compare it to

the situation in whichboth food products would be produced and processed locally.

Theenvironmentalimpact of all stepsfrom cradleto distribution, including cultivation, packagingrocessing
and transport to thelestination marketaretaken into considerationFor rice, the emphasis lies on investigating
the environmental impact of diffent production practices (e.g. rafied cultivation versus irrigation) and
comparing the locally produced rice with importedeifrom Asia. For cashethe influence of applying good
agricultural practices (GAP) will be assessed, as well as the imppuaiaeissing cashew locally instead of in
Vietham.

This study is conducted in accordance with the ISO 14040 and 14044 LCA otagluad standard§ SO, 2006a,
2006b) including an externatritical review. This report outlines the goadcope,LCA methodology usedata,
impact assessment and interpretation. It follows the structure of and&®@pliant report

1.1 LCA framework and methodolog

LCA is a framework that allows the quantitative analysis of the environmental burdens of a product or system
throughout all the stages of its life cycle, from the extraction of raw materials, production, processing, use and

end of life management. By @3 N} G Ay 3 |ttt tAFS 0O0eodtsS adl3Sas tAFS 0&0
allowing to observe interactions betweentages. This can lead to identify opportunities for indirect
environmental management along the whole chain, or to observe pdtdnt & 6 dzZNRSY &aKAFOIAyYy ¢ ¢
alternative systems. Burden shifting refers to situations where solving one environmeatdém in a specific

stage, shifts the burden to another life cycle stage. A comparative assessment will not be complete without
considering the shift of burdens to other stages of the life cycle.

This LCA is conducted according the iterative natétp, nethodology proposed in ISO 140480, 2006a)

W ooter GOAL & SCOPE
> DEFINITION

Direct applications
*  Product development and
improvement

S INVENTORY INTER- * Strategic planning

3 ANALYSIS PRETATION *  Public Eo!fcy Making
*  Marketing

Other

chapter IMPACT
& ASSESSMENT

Figure3 Methodological steps in LCA based on ISO 14040



Goal and scopeThis step provides a description of the product egstn terms of system boundaries

and functional unit.

Inventory analysisalso called life cycle inventory (LCI) is a methodofogestimating the consumption

of resources and the quantities of waste flows and emissions caused by or otherwise attrébiatabl
LINR RdzOGQa tAFTS OOt So

Impact assessmenilso known as life cycle impact assessment (LCIA) provides indicators andishe ba
for analysing the potential contributions of the resource extractions and emissions in an inventory to a
number of potentiaimpacts.

Interpretation: in this phase the results of the analysis and all choices and assumptions made during
the analysis areevaluated in terms of soundness and robustness. After this, overall conclusions are
drawn.
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2. Background on rice and cashew sers Iin
West Africa andsouth East Asia

This section provides backgrouitformation on the rice and cashew value chains in West Africa and Asia,
specifying key characteristics of production and processing in both rediottse two regions, focus counés
were selected for data collectioriFor rice, Nigeria is selecteghd for cashew Ghanais selected Viethamwas
usedfor the comparison of casheprocessing and rice productiam South East Asia, as ithe biggest processor

of West African cashew3rade for Development Centre, 2018nhdalso exports a large amount of riteAfrica.

Furthermore, abrief overview is given of existing L&Asducted for these sectors.

2.1 Rice

2.1.1 Rice cultivation in WesAfrica - e

Currently, about 32 million tonnes of rice (21 millio y ¢ =

tonnes milled) is produced in Africa at an annual ba: Uovanit ‘ [ 1 St

(FAO, 2018)with West Africa being the leading produce, .=, » e ¢ S -
and consumer. Despitpromising yield increases ovel e . f:'c"‘ 0 [

the last years 108 kg/ha betwen 2007 and 2012 the O 2T - L G e e
LINE RdzOGAZ2Y K286S@OSNI OF yQi e o n g
of the rice consumed is imported, mainly from As L < ....-:” N
(Zenna et al., 2017Nigeria is the lagest rice producing G Slaapie(

country in SubSaharan Africa, with an annual productio — o - b=

of about 5.8 million tonngswhich supplies only half of — P s ) _4 '
GKS 02 dzy (i NBenezu®k DY) v R Wy

As shown irthe table belowand inFigure4, the largest Swastons e
share of rice in Nigeria, and Africa in generalyiglpced o

under rainfed lowland conditions. The three mosFigure4 Type and size of rice production systems in Africa (|
common rice production systems arerfioer described ©" AAfrica Rice Center (2011))

in the table below (based off\frica Rice Center (AfricaRice), 2011a; National FoseriReAgency, 2009; Zenna
et al., 2017)Figureb5 shows the focus areas of the CARI project in Nigeria.

o Generally, rice production systemm West Africa are
f Katsia “ characterised by relatively low productivity, low use of
‘ TG -&., Yobe Bormo external inputs low level of mechanisation, asof poorly
. 8 yielding varieties, and inadequate crop and weed
k Bauchi management practices. This is why the actual yield is far below
Niger — Gombe its potential. In Nigeria, yields stand at 1.5 t/ha, whereas on
/ b e research farms yields of up to 7h# have been achieved
TN . W o (Udemezue, 2018)
Osun  EKI Koi e Taraba Furthermore, production is characterised by relatively high- @ed
°’L“a';” 5 postharvest losses, with about 25% tfe rice lost in Nigeria due to
A W inefficienciegZenna et al., 2017Furthermore, poor seed production and
Delta | Imo Abia Cross distribution systems hindethe widespread availability @ood quality seeds.

Bayslsa  Rivers ?::,:

Figure5 CARI project areas in Nigeria (source: CARI)
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Table3 Characteristics of rice production systems in Africa (basefifiica Rice Center (AfricaRice), 2011; National Food
Reserve Agency, 2009; Zenna et al., 2017)

. . Share of total Most common
Rice prodution . Average o . :
[ — _productlgn : ik Characteristics rice species
Africa | Nigeria | (genotype)

Rainfed lowland | 33% 69% 1.9 t/ha | Depending on rainfall and groundwater, O. sativa indica
with hardly any water control. Often and O.
followed by vegetableultivation (crop glaberrima
rotation).

Rainfedupland 30% 28% 1.2 t/ha | No flooding, low input use (thus low soil O. sativa tropical
fertility), often using slash & burn. Land japonica and O.
preparation by hand or with oxen glaberima

Irrigated 26% 3% 1.93.7 | Grown in bunded fields usingater from O. sativa indica

t/ha dams, river diversions or wells. Sometimes
only supplementary irrigation. Use of
organic manure and compost for fertilizatio

Other (mangrove, | 11% (for Nigeria, mangrove cultivation is groupe

deep water) under rainfed lowlad)

2.1.2 Rice cultivation in Vietham

With an annual production of 650 million tons, Asia is responsible for over 90% of global rice pro@iiRiRHn
In Vietnam alone, over 40 million ton ate is produced, of which 5 million tonnes are expor(EAOSTAT,
2017a) This makes Vietnathy' S 2 F (G KS 62 NI RQBurcéll}20BRaB 4G NA OS SELI2 NI SN&

¢CKS @lrad Yre22NAdGe 2F +AShyl YQa irNgat€SonditianswitN2crogpd$ R Ay A
seasongHai, 2012)Average yieldstand at5.5 t/ha (FAOSTAT, 2017b)

Rice production in Vietham has benefitted from throduction ofimprovedrice varieties, new production
models, efficient irigation systers, multiple cropping seasongnd enhanced mechanisation of rice harvesting
and drying(Hai, 2012)Only a small share, about 5%, of th@gp)harvesting activities is done manually, with
the remainder using either a machine for threshing or cutting, or being fiudighanisedDrying is mostly done
in the sunput is done mechanically if rice is harvested in the rainy season.

Paddy rice

2.1.3 Rice millirg in West Africa

Rice milling in West Africa is mostigne bysmall scale processing ‘_ _

units. These often use outdated equipmdetding to relatively | |

high physical and quality losses of the grain. The lfge rice :

mills that are present often lack accdsssufficient (highquality) l |

rice to maintain full capacity. The use of-psoducts, like husk or |
usK removal |

straw, is limited due to absee of suitable technologie&Srow
Africa, 2017)

v
In Nigeria, about 95% of the processors are sisedle using low RS ““Sk(aw) (fﬁWI

capacity mill{National Food Reserve Agency, 2009) |

I

- I

i i . . N Pollshmgand |
The processing steps of rice milling are depictedrigure 6 I
(Durlinger, Koukouna, Broekema, van Paassen, & Scholten,. 2017) |

Even though it is not specifically féxfrica, it is assumed tbe Bmken rice I

applicable.

Figure6 Sclematic overview of rice milling, bas
on Durlinger et al. (2017)
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2.1.4 Rice milling in Vimam

The processing sector in Vietnam consists of a variety of players. There are many relatively small processing units
that engage only in dbusking, after whichthey sell the brown rice to larger processing units for further
processingPurcell,2012b)

2.2 Cashew

A Cashew nut producing area 2012, total area 1,65 Mio ha
Senegal Togo Burkina Faso  Ghana

2.2.1 Cashew cultivation in West Africa S L, s

Guinea
West Africa is the largest cashew producing area in the wol o
responsible for 59% of the world supply (1,795,000 t@msh,

Hinnou, Yao, & Adingra, 2018n contrast, only5% of the
cashews processed localAfrican Cashew Alliance, 2018)

. Guinea Bissau
7.86%

Figure7 shows the largest cashew producing countries in We
Africa (Monteiro et al., 2015)and Figure8 details the areas

which the ComCashew project focuses on. mt

Tcash
®other

Cashew production is dominated by smallholder farsend
has gained growing popularity as cash crop in recent decac

The trees can be part of a plantation, but are often integrate 1:%

into exising farms, and thus combined with other crops. Yiel \
are relatively low as a result of poor agronomical practic ™ :
related to fertilization, weeding and pruning, and limite ®* |
access to improved varieti€Monteiro et al., 2017; Ton et al., s I
2018)

75%
Benin Burkina Ghana Guinea Guinea Ivory Mali Nigeria Senegal Togo
Faso Bissau Coast

C cashew nut production area /total agricultural area

R

*

Cashew is usually harvested when the raw cashew nuts fal. v,
the ground, after which th@ppleand nut are separated andFigure 7 Cashew nut production statistics for West Afi
the appleis mostly left to rot in the field. The rawits are dried °25¢¢ 0n Monteiro et al. (2015)

and sold to middleren.

COMCASHEW INTERVENTION AREAS G,,G,é.,]

Figure8 ComCashew prolect areas in West Af(sraurce: ComCashew)
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2.2.2 Cashew processing in West Africa

The little processing of cashew that takpkce in West Africa involves a large share of
manual labour, although in the last decade more processing units have been established.
Processing units include small units with shelling machines that can proceds5@0tons

a year, semautomated unitswith 3,000-5,000 tons a year, ankhrgescaleunits producing
10,000630,000 tons a year. Machines for the processing industry are generally imported from
Vietnam and India.

Raw cashew

Cleaning, calibration

Steaming

Cooling

Processing steps of the raw nut include

1l

calibration, steaming and drying in order for the
shells to crack. Another round of statng and

Drying of kernel drying is required to remove the peel from the
— kernel. The resulting raw cashew kernel can be
Peeling of kernel steamed once again to increase moisture level
(to prevent breakage). Often wood is used for the

Grading and sarting cooking, heating and steaming. After sorting, the

kernels are conditioned using nitrogen and
Cashew Husk (testa) carbon dioxide, packed in industrial plastic bags,

Figure9 Schematic overview of cashew processing (baselflohoc

hi final inati .g.E
etal, 2011) and shipped to tb final destination (e.g. Europe)

in cartons. In Europe, further processing takes
place such as roasting, salting or coatifige processing steps arepmicted inFigure9 (based on(Mohod, Jain,
& Powar, 2010)

The cashew shell, which constitui®8% of the weight of the raw cashew nut, is toxic in nature and can be burned
to produce steam, but is also simply burned as waste. Further processing of the shell, such as to generate oil,
energy or charcoal, is hardbyacticed(Ton et al., 2018)

2.2.3 Cashew processing in Vietnam

Vietnam is the largest exporter pfocesseccashew nuts. Its cashew processing capacity is three to four times
the sizeof its actual local cashew produati, and therefore relies on imports from African and other Asian
countries(Ton et al., 2018)

About 6070% of the processing sites concern smided processors that often supply bigger exporting
companies, 280% concerns mediwsized companies and the remainder are big exporting companies that sell
directly to retailers in export markets.

Processing steps are similar to those described apdwmvever are characterised by highlevels of
mechanisation and automatization, hence higher efficiency.

2.3 Existing LCA studies for rice and cashew

2.3.1 Rice

The GHG emissions from rice cultivation are largely determined by methane emissions linked to crop
management practices like flooding@use of organic amendments. For the calculation of these emissions, it is
vital to review current available data order toidentify baseline emission factors that can help in calculating
GHG emissions for the Africanntext.
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Literature review points ot that currently there is &erious lack of available research on GHG emissions from
rice in SubSaharan Africa, as also confirmed by for exan{Bleateng, Obeng, & Mensah, 201afd (Kim,
Thomas, Pelster, Rosenstock, &%cobena, 2016)Most studies that have been carried out abased on
modelling efforts, that estimate emissions as a function of production activities (mostly based on IPCC
guidelines), rather than measurements in theld. Without empirical observains from the field, it is however

hard to verify the accuracy and correctness of such modelling outcomes.

The two studies that have actually measured greenhouse gases in the field (the first two in below list), have been
used to calculate an adjusted emiims factor for Africa, as further explained in sectidr6.2.1

For Nigeriathe onlyavailable information on GHG emissions originates from national GHG inventory reports,
which are also based on IPCC methods to calculatedahi€zions at the national level.

Box 1.Studies on GHG emissions from rice in Africa

Studies that have measuteGHG emissions from rice

A Nyamadzawo, Wuta, Chirinda, Mujuru, & Smith (20l&ye measured methane and nitrous oxide emission:
intermittently flooded rice plantedn seasonal wetlands in Zimbabwe, accounting for the effect of different
tillage and mulching practices.

A Tyler, Zimmerman, Greenberg, Westberg, & Darlington (168&)sured methane emissisrirom rice paddies
in Kenya

A MaccCarthy et al. (2018)ave carried out acial measurements in Ghana, however only 06,GBd not
methane or nitrous oxide (which are more abundant in rice).

Studies that have modelled GH&nissions from rice

A Eshun, Apori, & Wereko (20183ve calculategireenhouse gas emissions for rice praiiiein Ghana using
activity data (input use, land preparation, planting, energy requirements) and (old) IPCC emission factor
however unclear what type of rice system and water management system is consitieredeasurements of
emissions.

A Boateng efl., (2017)provides an overview of available research on GHG emissions for rice in Africa. He
emphasizes the lack of available primary research and the gap that therefore exists in knowledge on fac
that influence GHG emissions from African ricedarction systems.

A Rwejumura, Kibassa, & Chadq@18)have carried out an LCA of rice production in Tanzania, which is how
incomplete as it only quantified the environmental impact of inputs used and ignored methane and nitrot
oxide emissions. Diesel frofarm machinery resulted in the highestpact, which is rather unusual for rice.

A Farag, Radwan, Abdrabbo, Heggi, & McCarl (2043 estimated the carbon footprint of paddy rice
production in Egypt based on modelling efforts, which inclueetdssions related to methane, field ing,
fertilizer application, and fuel combustion.

Unlike for Africa, for Asia a lot of literature is available on GHG emissions from rice paddies. Instead of looking
for literature for a whole continent, the liture search could therefore focus &fietham only. Some studies
are summarised below.

Box 2.Studies on GHG emissions from rice in Vietnam

A Sandin (2005has done measurements of methane in Marn Vietnam, from rice paddies withfterent
water regimes, such as higiater level and intermittent irrigation.

A Tran, Hoang, Tokida, & Tiehdre (2018have carried out a-§earlong study to measure methane and
nitrous oxide emissions throughout two rice cropping seasars@mparing different water management
practices: continuous flooding, alternate wetting and drying and-gtecific alternate wetting and drying.

A Trang, Thi, Huong, & Trinh (2018)ve calculated the carbon footprint of rice by combining data on farn
activities with modelling guidelinesylthe IPCC. Emission factors were based on actual measurements, r
default values.

A Tarig et al. (20173tudied theeffectiveness of different drainage patterns (such as early, mid and late se
drainage) and residue management practices (full and reduced residue incorporation), on methane and
oxide emissions.
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2.4 Cashew

Even though there is quite some information available on cultivation and processing stages, only little research
has been cared out on GHG emissions related to cashew cultivation and processing, and none of them relate to
Ghana or VietnamBelow a summaris given of the few studies that are available.

Box 3.Studies on GHG emissions from cashew

A Figueirédo et al. (201%jave carried out a detailed LCA of a low and high input cashew production syster
Brazil. It only considers the cultivatistage, nofprocessing.

A Flysjo& Ohlsson (200&)ave carried out basic LCA analyses for the production of cashew nuts in El Salve
and Guatemala, as part of a bigger study on the environmémiadctsof different agrefood chains in Central
America.

A Jekayinfa & Bamgboye (200&)ve estimated energy requirements for small, medium and large scale casl
processors in Nigeria

A cCallado (2008)as not measured greenhouse gas emissions, but has looked at litter fall and biomass
measurements of cashew species in Brazil.
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3. Goal

The overall goadf thisscreening LCK to quantify the environmentaimpactof all stages of the ricealue chain
in Nigeria andcashew value chain iBhana(linked tothe CARI and Com€&lewprojects, andto compare this
to riceimported fromand cashevwprocessedn Vietham

3.1 Intended application, audiene and type and format ofhe
study

The results of this LCA will be used by@#R1 and ComCashpwojects and its partners to gain insight intat
environmentalimpactis associated with cashew and rice value chainthénproject countries, and how tts
impact compares to cashew and rice produced or processed in South EastitAsam be used in external
communication towards relevant stakeholders, such aklipipartners inistry of Agriculture, African Cashew
Alliancé and private partnerge.g. pra¢essing sector within Africa and in importing countrjes)d is backed up
by an IS&ompliant external review.

The studyconsistsof three parts:

- An easyto-useExcel toolthat enables quantification of greenhouse gases along the value chain for both
cashew and ricgso two tools) This providsinsight intothe relative contribution ofhe differentstages
and (farming) practices towards the overedirbonfootprint.

- Thisreport that elaboratesthe methodology andprovidesdetailed results for all envgnmental impact
categories as well ashe relative contribution of thevalue chain stages these categories

- Training(in Ghana): during @-day workshop the results of the studyere presentedto key project
staff and stakeholdetsThe workshognhancel G K S LJ- NJi A Otandihgybitied@nceiz/oRLEAN B
andincludedpractical exercisegsing theexcel toos.

3.2 Tools and methods

The LCA methodology is used for this screening LCA. It is regarfitithg$o the aim of this study, as an LCA
considerdife cycle stages of therpduction of rice and cashew, and is able to quantify the environmental impact
of all relevant processes at each of these staggspendix| contains a detailed explanation of the LCA
methodology.

The study includes a contribution analysis, meaning that the contribution of the stages in the lifecgode
analysed and reportedlhis provideA y a A 3K Ay i{i2 6KSNB Ay R&vant@ensitdy OKI Ay
analysesincluding an uncertainty analysase akocarried out

This studys conducted in accordance with the ISO 14040 and 14044 LCA methodological stdis@rdz006a,
2006b) Furthermore, theProdud¢ Environmental Footprint Category Rules (PEF@&) the European
Commission{European Commission, 201&re used as supportinguidancein the decisioamaking process of
methodologicakthoiceselated to agricultural modellingnly. Thiscomprehensiveset of guideliness developed

to ensure consistent approach in the calculation of tleieonmental impact of products.

The LCAs performed in the LCA software SimaPx0using LCIA method Ri&e 2016M. Huijbregts et al.,
2016) The ReCiPimpact assesmentmethod was chosensait has a global applicability (in contrast to other
methods, like the PEF method, which has eoRean focus)Relevant parts of the modealkreintegrated inthe
two Excelools.
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4. Scope

4.1 System boundaries

For both rice and cashewhe system under consideration extends from crop cultivation (cragbp transport
to the end market. Consecutive stegsich agurther processinge.g. flavouring andonsumeipackaging)retail,
distribution and consumption, are out of scope.

This sectiondescribeghe processes that are part of the systgmas well as the different scenarios considered.

4.2 Functional unit

To describe the qualitative and quantitative aspects of the systems under study as well as the basis on which the
comparison between the systems is mattee following functional units have been defined:

I Cashewthe provision of 1 kg of processed cashauwts to theEuropearmarket
1 Rice the provision of 1 kg of white rice to the Nigerian market

The following section provides the different scenarios how these functional units are fulfilled.

4.2.1 Rice

For rice, the follaving scenariosire included

A. Irrigated iice produced and processediigeria
B. Rainfed ice produced and processedigeria
C. Rice produced and processedMietnam transported toNigeria

The system boundaries ttie scenarios are depicted in the figurelbe.! & Sy R YI NJ SiGZ ybA3ISNA |
Lagos, is considered.

FigurelO. Schematic overviewf the two rice scenarios.
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