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Summary 
This screening LCA is carried out to gain insight into the environmental impact associated with cashew and rice 

ǾŀƭǳŜ ŎƘŀƛƴǎ ƭƛƴƪŜŘ ǘƻ DL½Ωǎ /ƻƳǇŜǘƛǘƛǾŜ !ŦǊƛŎŀƴ wƛŎŜ LƴƛǘƛŀǘƛǾŜ ό/!wLύ ŀƴŘ /ƻƳǇŜǘƛǘƛǾŜ /ŀǎƘŜǿ LƴƛǘƛŀǘƛǾŜ 

(ComCashew).  

Even though West Africa is the largest cashew producing region, the vast majority of the raw cashew nuts is 

processed in South East Asia (Trade for Development Centre, 2018). At the same time, rice production in West 

Africa cannot meet domestic demand, and a large share of the rice is imported from Asia. This screening LCA 

provides insights into the environmental impact of the current rice and cashew chains, and compares it to the 

situation in which both food products would be produced and processed locally, in West Africa. 

This study therefore investigates the environmental impact of enhanced localized production and processing, as 

well as the impact of applying climate-smart practices. 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 cashew value chain. The scope of the LCA 

is cradle to distribution, and includes all steps from cultivation up to transport to the destination market. For 

rice, the emphasis lies on investigating the environmental impact of different production practices (e.g. rain-fed 

cultivation versus irrigation) and comparing the locally produced rice to imported rice from Asia. For cashew, the 

influence of applying good agricultural practices (GAP) was assessed, as well as the impact of processing cashew 

locally instead of in Vietnam. 

This study is conducted in accordance with the ISO 14040 and 14044 LCA methodological standards. Data on 

cultivation, transport and processing in West Africa was collected from cashew and rice farmers and processors 

linked to the ComCashew and CARI projects (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 calculated using IPCC Guidelines (for cultivation), as well as Agri-footprint 5.0 and Ecoinvent 3.4 

LCA databases (for transport, agri-inputs, energy and use of machinery). The ReCiPe 2016 environmental impact 

categories for climate change, fine particulate matter formation, fossil resource scarcity, water use, and land use 

were taken into consideration. A separate Excel tool has been developed that allows calculating and monitoring 

the carbon footprint for each of the value chain stages, and can help to easily identify where in the value chain 

climate mitigation gains can be made. 

 

Results for rice 

As shown in the figure and table below, the average rice produced by CARI farmers in Nigeria has a 47% lower 

carbon footprint than rice imported from Vietnam. Rainfed rice from CARI farmers has 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 rice from CARI farmers.  

Imported rice from Vietnam has a higher environmental impact because of fewer aeration periods during 

irrigation, higher transport emissions, burning of more rice straw, and higher level of mechanization. 

The solidity of these results is underpinned by an uncertainty analysis, illustrating that the impact results for 

climate change, fossil resource scarcity and fine particulate matter formation are significantly lower for the 

Nigerian rice as opposed to Vietnamese rice. 
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Table 1 Environmental impact category results for 1 kg of white rice, with the coloured bars showing the relative result for 
each category 

 
 

Cradle to distribution Cultivation stage 

  
Figure 1 Climate change impact for the cradle-to-distribution stages (1 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 of rice in 

Nigeria. The environmental impact could be further lowered by incorporating organic material long before 

cultivation, using rice straw productively (e.g. in rice processing), and by stimulating more frequent drainage 

periods. Results can become more accurate by carrying out actual methane measurements in rice fields, and 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 

all environmental impact categories under consideration. 

Ghanaian cashew that is processed in Vietnam results in a 43% higher carbon footprint and 66% higher use of 

fossil fuels, which is attributed to the long transport distance. 
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Table 2 Environmental impact category results for 1 kg of cashew kernel, with the coloured bars showing the relative result 
for each category 

 

 

The solidity of these results is underpinned by an uncertainty analysis, illustrating that the impact results for 

climate change, fossil resource scarcity and fine particulate matter formation are significantly lower for cashew 

processed in Ghana as opposed to cashew processed in Vietnam. Even if processing in Ghana would be 50% 

less efficient and in Vietnam 50% more efficient, cashew processed in Ghana would still have a lower carbon 

footprint.  

 

Cradle to distribution Cultivation stage 

  
Figure 2 Climate change impact for the stages cradle to distribution (1 kg cashew kernel), and cultivation stage (1 kg RCN) of 
cashew 

The results clearly underpin the environmental benefit of stimulating processing in Ghana instead of Vietnam, 

and of encouraging the application of good agricultural practices (GAP). The environmental impact could be 

further lowered by using the cashew apple productively, instead of letting it rot in the field. Data quality would 

improve through collecting primary data on cashew processing in Ghana and Vietnam. Note that the average 

cashew represents the average cashew cultivated in Ghana by farmers linked to ComCashew. Since the vast 

majority of these farmers implement GAP practices, the average is very close to the GAP farmers. This average 

was used for raw cashew nuts that are processed in Vietnam.  
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Abbreviations 
CH4 Methane 

CNSL Cashew Nut Shell Liquid 

CO2 Carbon dioxide 

GAP Good Agricultural Practice 

GH Ghana 

GHG Greenhouse gas 

IAE Institute for Agricultural Environment (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 

N2O Laughing gas / nitrous oxide / dinitrogen monoxide 

NG Nigeria 

PEF Product Environmental Footprint 

PEFCR Product Environmental Footprint Category Rules 

RCN Raw cashew nut 

ReCiPe This 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 
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Definitions 
Allocation: A step in the inventory analysis in which the inventory model is refined and the input and output 

flows of multifunctional processes are partitioned to the functional flows of these processes. 

Category indicator: A quantifiable representation of an impact category, e.g. infrared radioactive forcing for 

climate change (Guinée et al., 2002). 

Category unit: Unit to express the category indicator (Guinée et al., 2002). 

Characterisation factor: a factor derived from a characterisation model for expressing a particular environmental 

intervention in terms of a common unit of the category indicator (Guinée et al., 2002). 

Characterisation method: a method for quantifying the impact of environmental interventions with respect to a 

particular impact category; it compromises a category indicator, a characterisation model and characterisation 

factors derived from the model (Guinée et al., 2002). 

Characterisation unit: used to express the indicator result which is the numerical result of the characterisation 

step for a particular impact category, e.g. 12 kg CO2-equivalents for climate change (Guinée et al., 2002). 

Functional unit: The quantified function provided by the product system(s) under study, for use as a reference 

basis in an LCA 

Impact category: a class representing environmental issue of concern to which environmental interventions are 

assigned, e.g. climate change, loss of biodiversity (Guinée et al., 2002). 

Life Cycle Assessment (LCA): Compilation and evaluation of the inputs, outputs and the potential environmental 

impacts of a product system throughout its life cycle (ISO, 2006a). 

Life Cycle Impact Assessment (LCIA): Stage of life cycle assessment aimed at understanding and evaluating the 

magnitude and significance of the potential environmental impacts for a product system throughout the life cycle 

of the product (ISO, 2006a). 

Reference flow: Measure of the outputs from processes in a given product system required to fulfil the function 

expressed by the functional unit (ISO, 2006a). 
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1. Introduction 
 

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

cashew and rice value chains, and how it compares to cashew and rice production and processing in Asia. Even 

though West Africa is the largest cashew producing region, the vast majority of processing occurs in South East 

Asia (Trade for Development Centre, 2018). At the same time, rice production in Africa cannot meet domestic 

demand, and a large share of the rice is imported from Asia (Zenna, Senthilkumar, & Sie, 2017). This screening 

LCA provides insights into the environmental impact of the current rice and cashew chains, and compare it to 

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

The environmental impact of all steps from cradle to distribution, including cultivation, packaging, processing 

and transport to the destination market, are taken into consideration. For rice, the emphasis lies on investigating 

the environmental impact of different production practices (e.g. rain-fed cultivation versus irrigation) and 

comparing the locally produced rice with imported rice from Asia. For cashew, the influence of applying good 

agricultural practices (GAP) will be assessed, as well as the impact of processing cashew locally instead of in 

Vietnam.  

This study is conducted in accordance with the ISO 14040 and 14044 LCA methodological standards (ISO, 2006a, 

2006b), including an external critical review. This report outlines the goal, scope, LCA methodology used, data, 

impact assessment and interpretation. It follows the structure of an ISO-compliant report.  

 

1.1 LCA framework and methodology 
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 intŜƎǊŀǘƛƴƎ ŀƭƭ ƭƛŦŜ ŎȅŎƭŜ ǎǘŀƎŜǎΣ ƭƛŦŜ ŎȅŎƭŜ ŀǎǎŜǎǎƳŜƴǘ ǇǊƻǾƛŘŜǎ ŀ άƘƻƭƛǎǘƛŎ ŀǇǇǊƻŀŎƘέΣ 

allowing to observe interactions between stages. This can lead to identify opportunities for indirect 

environmental management along the whole chain, or to observe potentƛŀƭ άōǳǊŘŜƴ ǎƘƛŦǘƛƴƎέ ǿƘŜƴ ŎƻƳǇŀǊƛƴƎ 

alternative systems. Burden shifting refers to situations where solving one environmental problem 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 multi-step, methodology proposed in ISO 14040 (ISO, 2006a).  

 
Figure 3 Methodological steps in LCA based on ISO 14040 
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Å Goal and scope: This step provides a description of the product system in terms of system boundaries 

and functional unit. 

Å Inventory analysis: also called life cycle inventory (LCI) is a methodology for estimating the consumption 

of resources and the quantities of waste flows and emissions caused by or otherwise attributable to a 

ǇǊƻŘǳŎǘΩǎ ƭƛŦŜ ŎȅŎƭŜΦ 

Å Impact assessment: also known as life cycle impact assessment (LCIA) provides indicators and the basis 

for analysing the potential contributions of the resource extractions and emissions in an inventory to a 

number of potential impacts. 

Å Interpretation: in this phase the results of the analysis and all choices and assumptions made during 

the analysis are evaluated in terms of soundness and robustness. After this, overall conclusions are 

drawn. 
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2. Background on rice and cashew sectors in 

West Africa and South East Asia 
 

This section provides background information on the rice and cashew value chains in West Africa and Asia, 

specifying key characteristics of production and processing in both regions. In the two regions, focus countries 

were selected for data collection. For rice, Nigeria is selected, and for cashew, Ghana is selected. Vietnam was 

used for the comparison of cashew processing and rice production in South East Asia, as it is the biggest processor 

of West African cashews (Trade for Development Centre, 2018), and also exports a large amount of rice to Africa. 

Furthermore, a brief overview is given of existing LCAs conducted for these sectors.  

 

2.1 Rice 

2.1.1 Rice cultivation in West Africa 
Currently, about 32 million tonnes of rice (21 million 

tonnes milled) is produced in Africa at an annual basis 

(FAO, 2018), with West Africa being the leading producer 

and consumer. Despite promising yield increases over 

the last years (108 kg/ha between 2007 and 2012), the 

ǇǊƻŘǳŎǘƛƻƴ ƘƻǿŜǾŜǊ ŎŀƴΩǘ ƳŜŜǘ ŘŜƳŀƴŘΣ ŀƴŘ ŀōƻǳǘ пл҈ 

of the rice consumed is imported, mainly from Asia 

(Zenna et al., 2017). Nigeria is the largest rice producing 

country in Sub-Saharan Africa, with an annual production 

of about 5.8 million tonnes, which supplies only half of 

ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŘŜƳŀƴŘ (Udemezue, 2018). 

As shown in the table below and in Figure 4, the largest 

share of rice in Nigeria, and Africa in general, is produced 

under rainfed lowland conditions. The three most 

common rice production systems are further described 

in the table below (based on (Africa Rice Center (AfricaRice), 2011a; National Food Reserve Agency, 2009; Zenna 

et al., 2017). Figure 5 shows the focus areas of the CARI project in Nigeria. 

Generally, rice production systems in West Africa are 

characterised by relatively low productivity, low use of 

external inputs, low level of mechanisation, use of poorly 

yielding varieties, and inadequate crop and weed 

management practices. This is why the actual yield is far below 

its potential. In Nigeria, yields stand at 1.5 t/ha, whereas on 

research farms yields of up to 7 t/ha have been achieved 

(Udemezue, 2018). 

Furthermore, production is characterised by relatively high pre- and 

post-harvest losses, with about 25% of the rice lost in Nigeria due to 

inefficiencies (Zenna et al., 2017). Furthermore, poor seed production and 

distribution systems hinder the widespread availability of good quality seeds. 

  

Figure 4 Type and size of rice production systems in Africa (based 
on Africa Rice Center (2011)) 

Figure 5 CARI project areas in Nigeria (source: CARI) 



 

12 
 

Table 3 Characteristics of rice production systems in Africa (based on Africa Rice Center (AfricaRice), 2011; National Food 
Reserve Agency, 2009; Zenna et al., 2017) 

Rice production 
system 

Share of total 
production 

Average 
yield 

Characteristics 
Most common 

rice species 
(genotype) Africa Nigeria 

Rainfed lowland 33% 69% 1.9 t/ha Depending on rainfall and groundwater, 
with hardly any water control. Often 
followed by vegetable cultivation (crop 
rotation). 

O. sativa indica 
and O. 
glaberrima 

Rainfed upland 30% 28% 1.2 t/ha No flooding, low input use (thus low soil 
fertility), often using slash & burn. Land 
preparation by hand or with oxen 

O. sativa tropical 
japonica and O. 
glaberrima 

Irrigated 26% 3% 1.9-3.7 
t/ha 

Grown in bunded fields using water from 
dams, river diversions or wells. Sometimes 
only supplementary irrigation. Use of 
organic manure and compost for fertilization 

O. sativa indica 

Other (mangrove, 
deep water) 

11%   (for Nigeria, mangrove cultivation is grouped 
under rainfed lowland) 

 

 

 

2.1.2 Rice cultivation in Vietnam 
With an annual production of 650 million tons, Asia is responsible for over 90% of global rice production (IRRI). 

In Vietnam alone, over 40 million ton of rice is produced, of which 5 million tonnes are exported (FAOSTAT, 

2017a). This makes Vietnam ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ǊƛŎŜ ŜȄǇƻǊǘŜǊǎ (Purcell, 2012a). 

¢ƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅ ƻŦ ±ƛŜǘƴŀƳΩǎ ǊƛŎŜ ƛǎ ǇǊƻŘǳŎŜŘ ƛƴ ƛǘǎ ŘŜƭǘŀ ǊŜƎƛƻƴǎΣ ǳƴŘŜǊ irrigated conditions with 2 cropping 

seasons (Hai, 2012). Average yields stand at 5.5 t/ha (FAOSTAT, 2017b). 

Rice production in Vietnam has benefitted from the introduction of improved rice varieties, new production 

models, efficient irrigation systems, multiple cropping seasons, and enhanced mechanisation of rice harvesting 

and drying (Hai, 2012). Only a small share, about 5%, of the (post-)harvesting activities is done manually, with 

the remainder using either a machine for threshing or cutting, or being fully mechanised. Drying is mostly done 

in the sun, but is done mechanically if rice is harvested in the rainy season.   

 

2.1.3 Rice milling in West Africa 
Rice milling in West Africa is mostly done by-small scale processing 

units. These often use outdated equipment leading to relatively 

high physical and quality losses of the grain. The few large rice 

mills that are present often lack access to sufficient (high-quality) 

rice to maintain full capacity. The use of by-products, like husk or 

straw, is limited due to absence of suitable technologies (Grow 

Africa, 2017). 

In Nigeria, about 95% of the processors are small-scale using low 

capacity mills (National Food Reserve Agency, 2009). 

The processing steps of rice milling are depicted in Figure 6 

(Durlinger, Koukouna, Broekema, van Paassen, & Scholten, 2017). 

Even though it is not specifically for Africa, it is assumed to be 

applicable. 

 Figure 6 Schematic overview of rice milling, based 
on Durlinger et al. (2017) 



 

13 
 

2.1.4 Rice milling in Vietnam 
The processing sector in Vietnam consists of a variety of players. There are many relatively small processing units 

that engage only in de-husking, after which they sell the brown rice to larger processing units for further 

processing (Purcell, 2012b). 

 

2.2 Cashew 

2.2.1 Cashew cultivation in West Africa 
West Africa is the largest cashew producing area in the world, 

responsible for 59% of the world supply (1,795,000 tons) (Ton, 

Hinnou, Yao, & Adingra, 2018). In contrast, only 5% of the 

cashew is processed locally (African Cashew Alliance, 2018).  

Figure 7 shows the largest cashew producing countries in West 

Africa (Monteiro et al., 2015), and Figure 8 details the areas 

which the ComCashew project focuses on. 

Cashew production is dominated by smallholder farmers and 

has gained growing popularity as cash crop in recent decades. 

The trees can be part of a plantation, but are often integrated 

into existing farms, and thus combined with other crops. Yields 

are relatively low as a result of poor agronomical practices 

related to fertilization, weeding and pruning, and limited 

access to improved varieties (Monteiro et al., 2017; Ton et al., 

2018). 

Cashew is usually harvested when the raw cashew nuts fall on 

the ground, after which the apple and nut are separated and 

the apple is mostly left to rot in the field. The raw nuts are dried 

and sold to middlemen. 

 
Figure 8 ComCashew project areas in West Africa (source: ComCashew) 

 

Figure 7 Cashew nut production statistics for West Africa, 
based on Monteiro et al. (2015) 
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2.2.2 Cashew processing in West Africa 
The little processing of cashew that takes place 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 process 500-1,500 tons 

a year, semi-automated units with 3,000-5,000 tons a year, and large-scale units producing 

10,000-30,000 tons a year. Machines for the processing industry are generally imported from 

Vietnam and India. 

Processing steps of the raw nut include 

calibration, steaming and drying in order for the 

shells to crack. Another round of steaming and 

drying is required to remove the peel from the 

kernel. The resulting raw cashew kernel can be 

steamed once again to increase moisture level 

(to prevent breakage). Often wood is used for the 

cooking, heating and steaming. After sorting, the 

kernels are conditioned using nitrogen and 

carbon dioxide, packed in industrial plastic bags, 

and shipped to the final destination (e.g. Europe) 

in cartons. In Europe, further processing takes 

place such as roasting, salting or coating. The processing steps are depicted in Figure 9 (based on (Mohod, Jain, 

& Powar, 2011)) 

The cashew shell, which constitutes 80% 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 hardly practiced (Ton et al., 2018). 

 

2.2.3 Cashew processing in Vietnam 
Vietnam is the largest exporter of processed cashew nuts. Its cashew processing capacity is three to four times 

the size of its actual local cashew production, and therefore relies on imports from African and other Asian 

countries (Ton et al., 2018).  

About 60-70% of the processing sites concern small-sized processors that often supply to bigger exporting 

companies, 25-30% concerns medium-sized companies and the remainder are big exporting companies that sell 

directly to retailers in export markets. 

Processing steps are similar to those described above, however are characterised by higher levels 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 and use of organic amendments. For the calculation of these emissions, it is 

vital to review current available data in order to identify baseline emission factors that can help in calculating 

GHG emissions for the African context. 

Figure 9 Schematic overview of cashew processing (based on Mohod 
et al., 2011) 
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Literature review points out that currently there is a serious lack of available research on GHG emissions from 

rice in Sub-Saharan Africa, as also confirmed by for example (Boateng, Obeng, & Mensah, 2017) and (Kim, 

Thomas, Pelster, Rosenstock, & Sanz-cobena, 2016). Most studies that have been carried out are based on 

modelling efforts, that estimate emissions as a function of production activities (mostly based on IPCC 

guidelines), rather than measurements in the field. Without empirical observations 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 emission factor for Africa, as further explained in section  4.6.2.1. 

For Nigeria, the only available information on GHG emissions originates from national GHG inventory reports, 

which are also based on IPCC methods to calculate GHG emissions at the national level.  

 

Box 1. Studies on GHG emissions from rice in Africa  
 
Studies that have measured GHG emissions from rice 
Å Nyamadzawo, Wuta, Chirinda, Mujuru, & Smith (2014) have measured methane and nitrous oxide emissions in 

intermittently flooded rice planted in seasonal wetlands in Zimbabwe, accounting for the effect of different 
tillage and mulching practices. 

Å Tyler, Zimmerman, Greenberg, Westberg, & Darlington (1988) measured methane emissions from rice paddies 
in Kenya 

Å MacCarthy et al. (2018) have carried out actual measurements in Ghana, however only of CO2, and not 
methane or nitrous oxide (which are more abundant in rice). 

 
Studies that have modelled GHG emissions from rice 
Å Eshun, Apori, & Wereko (2013) have calculated greenhouse gas emissions for rice production in Ghana using 

activity data (input use, land preparation, planting, energy requirements) and (old) IPCC emission factors. It is 
however unclear what type of rice system and water management system is considered. No measurements of 
emissions. 

Å Boateng et al., (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 factors 
that influence GHG emissions from African rice production systems.  

Å Rwejumura, Kibassa, & Chacha (2018) have carried out an LCA of rice production in Tanzania, which is however 
incomplete as it only quantified the environmental impact of inputs used and ignored methane and nitrous 
oxide emissions. Diesel from farm machinery resulted in the highest impact, which is rather unusual for rice.  

Å Farag, Radwan, Abdrabbo, Heggi, & McCarl (2013) have estimated the carbon footprint of paddy rice 
production in Egypt based on modelling efforts, which included emissions related to methane, field burning, 
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 literature search could therefore focus on Vietnam only. Some studies 

are summarised below. 

Box 2. Studies on GHG emissions from rice in Vietnam  
 
Å Sandin (2005) has done measurements of methane in Northern Vietnam, from rice paddies with different 

water regimes, such as high-water level and intermittent irrigation. 
Å Tran, Hoang, Tokida, & Tirol-padre (2018) have carried out a 3-year-long study to measure methane and 

nitrous oxide emissions throughout two rice cropping seasons and comparing different water management 
practices: continuous flooding, alternate wetting and drying and site-specific alternate wetting and drying. 

Å Trang, Thi, Huong, & Trinh (2019) have calculated the carbon footprint of rice by combining data on farming 
activities with modelling guidelines by the IPCC. Emission factors were based on actual measurements, not on 
default values. 

Å Tariq et al. (2017) studied the effectiveness of different drainage patterns (such as early, mid and late season 
drainage) and residue management practices (full and reduced residue incorporation), on methane and nitrous 
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 carried out on GHG emissions related to cashew cultivation and processing, and none of them relate to 

Ghana or Vietnam. Below a summary is given of the few studies that are available. 

Box 3. Studies on GHG emissions from cashew  
 
Å Figueirêdo et al. (2015) have carried out a detailed LCA of a low and high input cashew production systems in 

Brazil. It only considers the cultivation stage, not processing. 
Å Flysjo & Ohlsson (2006) have carried out basic LCA analyses for the production of cashew nuts in El Salvadaor 

and Guatemala, as part of a bigger study on the environmental impacts of different agro-food chains in Central 
America. 

Å Jekayinfa & Bamgboye (2006) have estimated energy requirements for small, medium and large scale cashew 
processors in Nigeria 

Å Callado (2008) has 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 goal of this screening LCA is to quantify the environmental impact of all stages of the rice value chain 

in Nigeria and cashew value chain in Ghana (linked to the CARI and ComCashew projects), and to compare this 

to rice imported from and cashew processed in Vietnam. 

3.1 Intended application, audience and type and format of the 

study 
The results of this LCA will be used by the CARI and ComCashew projects and its partners to gain insight into what 

environmental impact is associated with cashew and rice value chains in the project countries, and how this 

impact compares to cashew and rice produced or processed in South East Asia. It can be used in external 

communication towards relevant stakeholders, such as public partners (Ministry of Agriculture, African Cashew 

Alliance) and private partners (e.g. processing sector within Africa and in importing countries), and is backed up 

by an ISO-compliant external review. 

The study consists of three parts: 

- An easy-to-use Excel tool that enables quantification of greenhouse gases along the value chain for both 

cashew and rice (so two tools). This provides insight into the relative contribution of the different stages 

and (farming) practices towards the overall carbon footprint.  

- This report that elaborates the methodology, and provides detailed results for all environmental impact 

categories, as well as the relative contribution of the value chain stages to these categories. 

- Training (in Ghana): during a 2-day workshop the results of the study were presented to key project 

staff and stakeholders. The workshop enhanced ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǳƴŘŜǊǎtanding of the concept of LCA, 

and included practical exercises using the excel tools. 

 

3.2 Tools and methods 
The LCA methodology is used for this screening LCA. It is regarded as fitting to the aim of this study, as an LCA 

considers life cycle stages of the production of rice and cashew, and is able to quantify the environmental impact 

of all relevant processes at each of these stages. Appendix I contains a detailed explanation of the LCA 

methodology.  

The study includes a contribution analysis, meaning that the contribution of the stages in the lifecycle are 

analysed and reported. This provides ƛƴǎƛƎƘǘ ƛƴǘƻ ǿƘŜǊŜ ƛƴ ǘƘŜ ǾŀƭǳŜ ŎƘŀƛƴ ΨƘƻǘǎǇƻǘǎΩ ƻŎŎǳǊΦ Relevant sensitivity 

analyses, including an uncertainty analysis,are also carried out. 

This study is conducted in accordance with the ISO 14040 and 14044 LCA methodological standards (ISO, 2006a, 

2006b). Furthermore, the Product Environmental Footprint Category Rules (PEFCR) from the European 

Commission (European Commission, 2018) are used as supporting guidance in the decision-making process of 

methodological choices related to agricultural modelling only. This comprehensive set of guidelines is developed 

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

The LCA is performed in the LCA software SimaPro 9.0 using LCIA method ReCiPe 2016 (M. Huijbregts et al., 

2016). The ReCiPe impact assessment method was chosen as it has a global applicability (in contrast to other 

methods, like the PEF method, which has a European focus). Relevant parts of the model are integrated in the 

two Excel tools. 
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4. Scope 

4.1 System boundaries 
For both rice and cashew, the system under consideration extends from crop cultivation (cradle) up to transport 

to the end market. Consecutive steps, such as further processing (e.g. flavouring and consumer packaging), retail, 

distribution and consumption, are out of scope. 

This section describes the processes that are part of the systems, as well as the different scenarios considered. 

4.2 Functional units 
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 made, the following functional units have been defined: 

¶ Cashew: the provision of 1 kg of processed cashew nuts to the European market 

¶ 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 following scenarios are included: 

A. Irrigated rice produced and processed in Nigeria 

B. Rainfed rice produced and processed in Nigeria 

C. Rice produced and processed in Vietnam, transported to Nigeria 

The system boundaries of the scenarios are depicted in the figure below. !ǎ ŜƴŘ ƳŀǊƪŜǘΣ bƛƎŜǊƛŀΩǎ ƭŀǊƎŜǎǘ Ŏƛǘy, 

Lagos, is considered. 

 
Figure 10. Schematic overview of the two rice scenarios.  


























































































































