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Globally, 80% of the extreme poor are concentrated in rural areas and 65% are employed in 
agriculture (World Bank, 2016). Therefore, interventions focused on improving agricultural 
outcomes have the greatest potential to reduce poverty, increase incomes, and boost the live-
lihoods of the world’s poor. 

The centrality of agriculture to poverty reduction efforts is reflected in the development 
agendas of governments, multilaterals, and major donor agencies. The UN has promulgated 
Sustainable Development Goal 2 (SDG2), which seeks to eradicate hunger, ensure food secu-
rity, and promote sustainable agriculture (Kaplinsky, 2016). Additionally, the World Bank 
emphasizes market access and fostering efficient agricultural value chains1 as one of its top 
policy priorities (World Bank, 2008). 

In recent years, an increasingly large pool of rigorous randomized control trials (RCTs) -- or 
field experiments -- have pointed to the promise of bundled interventions, which address 
multiple constraints within particular agricultural value chains simultaneously. For example, 
Bandiera et al. (2017) find that offering a bundle of services to smallholders (asset transfer, 
skills training, and a subsistence allowance) significantly improves incomes and other liveli-
hood outcomes among women in rural Bangladesh. Similarly, Deutschmann & Tjernstrom 
(2018) show that the bundle offered by One Acre Fund to farmers in rural Kenya (seed and 
fertilizer inputs, credit, weekly training, and market access during the off-season) signifi-
cantly improves maize yields and increases overall farm profits. 

1Value chain here is defined as “the range of linked activities that bring a product from initial production to end consumption” (Kaplinsky 
& Morris, 2001). 

1. INTRODUCTION
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This report overviews the key findings from a feasibility study conducted in Sierra Leone 
that tested one such proposed bundled intervention. Specifically, the bundled intervention 
that this report seeks to validate consists of three main activities: (i) rural electrification, (ii) 
access to productive farming technology, and (iii) extension services and improved market 
access. Given the intervention’s focus on the provision of renewable electricity along with 
electrified farming technology, this project lies within the Energy research agenda of the 
International Growth Centre (IGC), and is funded through IGC’s Small Projects Form. 

This feasibility study ultimately aims to inform a larger, scaled-up randomized control trial 
(RCT) that will rigorously estimate the impact of this proposed bundled intervention across 
hundreds of rural villages throughout Sierra Leone.

The report is structured as follows: section 2 provides a background on the particular 
features and the motivating factors behind the bundled intervention. Section 3 overviews 
the three main activities carried out as part of this feasibility study and the key findings 
uncovered by each activity. And section 4 concludes.
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The proposed bundle of services that the research team seeks to test in Sierra Leone is moti-
vated by several factors. 

The underlying motivation stems from the fact that in 2016 food imports comprised of 
28.5% of all merchandise imports in Sierra Leone (UN Comtrade). Relatedly, poultry 
imports made up 34% of all animal products imported into Sierra Leone in 2017 -- the larg-
est in this category by a significant margin. If egg imports (a poultry by-product) are includ-
ed, then this number increases to 49% of all animal product imports (UN Comtrade). This 
has implications for food security within Sierra Leone, as poultry (along with fish) consti-
tutes the country’s most important source of protein.

Poultry is largely imported in Sierra Leone because the animal feed required to produce 
poultry domestically is not available in adequate supply. Interviews with poultry farmers 
and animal feed producers indicate that the key bottleneck preventing the production of 
feed domestically is the lack of reliable quantities of maize (a main ingredient). 

Both of these products (poultry and maize) can be produced in Sierra Leone given prevailing 
agronomic conditions. Furthermore, government policy currently supports the overarching 
aim of domestic production of poultry and maize. However, despite these two facts, large 
import bills for both poultry and maize remain the status quo. 

Based off of findings from this feasibility study conducted by Warc Africa, the barriers to 
producing poultry and maize domestically are not agronomic. The implication is that such 
barriers can be addressed by informed interventions targeted to the local context.

The activities carried out by this feasibility study point to two key barriers in poultry and 
maize production: (i) information barriers, and (ii) coordination barriers. The proposed bun-
dled intervention aims to address both (i) and (ii).

2. BACKGROUND
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Firstly, information barriers exist that impede the adoption of good agricultural practices 
(GAP) like optimal input utilization (e.g., modern seed varieties, adequate fertilizer, mecha-
nized farming) and proper crop rotation. The activities carried out for the feasibility study 
suggest that these information barriers can be addressed through targeted extension services 
that have been tested and refined by a local agriculture company (Warc Africa) over the 
course of 9 years operating in the Sierra Leonean context. 

Secondly, coordination barriers within the maize value chain in Sierra Leone manifest them-
selves in two main forms:

 1.  A lack of coordination between government and private sector actors 
     that prevents would-be Sierra Leonean maize farmers from accessing 
     two key technological inputs to value-added maize production: (a) 
     rural electricity, and (b) farming machinery that requires this electrici
     ty to process maize into higher value-added forms. 

 2.  A lack of coordination between would-be maize farmers and poultry/
      animal feed producers (potential end bayers for maize) that prevents 
      these maize farmers from accessing the necessary markets for their 
      produce. 
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The activities carried out for the feasibility study indicate that the above coordination barri-
ers can be resolved.

First, by partnering with an existing rural electrification program under UNOPS that is 
providing solar-powered electricity to hundreds of villages across the country, would-be 
maize farmers in selected villages can begin to put this electricity to productive use. In addi-
tion to rural electrification, the proposed bundle also seeks to coordinate the distribution of 
electrified maize processing machinery to selected villages that will allow for the production 
of value-added maize at the scale required by end buyers (e.g., poultry/animal feed produc-
ers).

Second, the bundled intervention also proposes to coordinate the marketing of this 
processed maize to poultry/animal feed producers (who require reliable quantities at specific 
market standards). 

The study outlined in the next section ultimately aims to test the feasibility of the various 
activities involved in the bundled intervention (overviewed above). In short, the bundled 
intervention consists of the following activities:

Figure 1 -- Typology of Bundled Intervention
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As part of this study, three main activities were carried out to verify the suitability of the 
proposed bundled intervention to the local Sierra Leonean context, as well as ensure its 
overall feasibility.

 1.  A Smallholder Farmer Survey was conducted. 
 2. Semi-structured interviews with Key Value Chain Actors were per
     formed.
 3. The prototype of the electrified maize processing machine (a maize 
     dryer) was fabricated and installed in two rural villages.

This section briefly overviews the rationale for each of these three activities, as well as the 
high-level findings. 

It should also be noted that while testing the type of extension services to be included in the 
bundled intervention was not part of this particular feasibility study, Warc Africa (a local 
implementing partner) has been selected as the organization that will be providing exten-
sion services for the scale-up and has been operational within the Sierra Leonean agriculture 
sector for 9 years. Given such experience, Warc Africa’s extension services have been tested 
and refined over the course of almost a decade, and have a proven track record of improving 
the productivity and output of maize farmers. More detailed information on Warc Africa’s 
extension services is provided in Appendix 3. 

3. THE FEASIBILITY STUDY
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3.1.1 Small Holder Farmer Survey: Background

To begin, a Smallholder Farmer Survey was conducted with a sample of 1,068 rural farmers across 
6 villages in both Northern and Southern Sierra Leone. The 3 villages surveyed in Northern Prov-
ince were Rochains, Rochains-Malal, and Ropolonbana. The 3 villages surveyed in Southern Prov-
ince were Gerehun, Mattru, and Torbu.

Figure 2 – Sampled Villages

The motivation behind the Smallholder Farmer Survey was to ensure that the proposed bundled 
intervention addresses key constraints that smallholders themselves report facing in their everyday 
lives. 

Sampling was split across the Northern and Southern provinces (and across villages within these 
two provinces) because interviews with key value actors indicated that the North is perceived as the 
“maize belt”, whereas the South is seen as dominated by rice farming. Therefore, we wanted repre-
sentativeness across both geographic areas.  
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Broadly, as Figure 3 below shows, maize and rice are by far the top farmed crops among the 
surveyed smallholders (followed distantly by cassava and groundnuts). 

Figure 3 – Most Farmed Crops

This trend holds across both Northern and Southern villages, which goes against the percep-
tion among interviewed key value chain actors who labeled the Northern Province as “the 
maize belt”, and the South as predominantly engaged in rice farming. In fact, most farmers 
produced both rice and maize (only 14 did not grow either rice or maize). Only 126 smallhold-
ers out of the 1,068 surveyed did not farm maize, indicating that maize farming is not a new 
concept across surveyed regions. There’s also no clear indication that Southern villages have 
taken up maize farming more recently than Northern villages (further disproving “the maize 
belt” perception). 

This lack of accurate knowledge about even such rudimentary information as the key crops 
grown in different geographies points to the poor quality of government information on the 
state of its own agriculture sector. Such a dearth of accurate information, in turn, negatively 
impacts the quality of government extension services. Lacklustre government extension came 
up repeatedly in interviews with private sector actors operating in the Sierra Leonean agricul-
ture sector.
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i) Top Challenges

Figure 4 below shows the top three challenges reported by all surveyed smallholders (in order of 
the top challenge reported)

 

In terms of the proposed activities that make up the bundled intervention, Figure 2 clearly illus-
trates that a lack of electrified farming machinery is the second most reported top challenge among 
our sample of smallholder farmers (behind pests).  

Additionally, several other reported challenges can be considered to stem from a lack of mecha-
nized farming equipment or electrified technology. For example, access to labour-saving farming 
machinery could address the lack of access to farm laborers that was reported as the sixth top chal-
lenge among the surveyed smallholders. Moreover, some mechanized farming machinery would 
no doubt replace certain manual farm implements/tools that were reported as the seventh most 
cited top challenge. Thus, the survey results suggest that a bundled intervention that includes the 
distribution of electrified farming machinery would indeed resolve a key everyday challenge that 
smallholders reported facing.

On top of this, several of the top challenges reported by the smallholders stem from information 
barriers (e.g., lack of knowledge about effective pest control remedies, optimal fertilizer use, and/or 
the best seed varieties to use given local growing conditions).  Such information barriers could be 
resolved with the prudent application of targeted extension services, as proposed by the bundled 
intervention (see Appendix 3). 

3.1.2 Smallholder Farmer Survey: Key Findings
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Figure 4 – Top Challenges Reported by Smallholder Farmers



2Note that this question is only asked to those smallholders who wanted to sell at least some of their harvest. Those that reported not wanting to sell any of 
their harvest (most rice farmers) were not asked this question.
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 How much of your crop did you sell last season? 

ii) Maize as Cash Crop, Rice as Subsistence Crop

A second key finding from the smallholder survey is that maize is farmed as much more of a 
cash crop when compared to rice, which was largely grown for subsistence/consumption pur-
poses (see Figure 5a, Figure 5b, and Figure 5c below). 

Figure 5a – Maize as Cash Crop, Rice as Subsistence Crop

       

Figure 5b

How much of your crop did you sell last season?

A full 536 of 921 maize farmers reported selling “All” or “Almost all” of their harvest (58.2%). 
On the other hand, only 17 of 849 rice farmers reported selling “All” or “Almost all” of their 
harvest (2%). 

Figure 5c (below) further establishes that maize in Sierra Leone is much more of a cash crop, 
with 34.9% of all maize farmers reporting that they wanted to sell all of their maize harvest. 
In contrast, only 6% rice farmers reported that they wanted to sell all of their rice harvest.2  



Figure 5c -- Maize as a Cash Crop, Rice as Subsistence Crop

In sum, promoting the adoption of cash cropping by incentivizing a transition to maize farm-
ing (as opposed to subsistence rice farming for consumption) aligns with the broader push 
from governments and donor agencies to foster agricultural transformation through commer-
cializing the sector (ACET, 2017).

iii) Access to Rural Electricity and Mechanized Farming Technology

Lastly, the third high-level finding from the smallholder survey is that access to both electrici-
ty and mechanized farming technology in the rural communities sampled is severely restrict-
ed. 

Figure 6 below shows smallholder access to electricity and to post-harvest processing machin-
ery across the six rural villages surveyed. 
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Did you want to sell all your harvest?



Figure 6 -- Access to Electricity and Processing Machinery Among Smallholders

Only 186 of the 1,068 smallholders surveyed reported having access to post-harvest processing 
machinery (17.4%). Even fewer smallholders surveyed, 29 (only 2.7%), responded that they 
had access to electricity. 

These responses have several implications. First, they point to a pervasive lack of electricity in 
rural areas. This fact of life is already well reported. Second, as more smallholders reported 
having access to processing machinery than having access to electricity, it can be surmised that 
a lot of the processing machines are either not electrified (i.e., manual) and thus less efficient, 
or they are electrified but are shared with the broader community (i.e., the respondent’s 
household does not own the machine, and thus typically has to pay to rent it). 

Figure 6 therefore clearly illustrates a demonstrable need for both rural electrification and for 
electrified processing machinery among the surveyed smallholders. 
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“Sometimes it will be very difficult for the farmers to meet my demand. The availability 
of maize in large quantities [varies] every season.” – Mohamed Sesay, Maize Wholesaler

On top of smallholder farmers, 19 semi-structured interviews were conducted with key 
actors throughout the maize and poultry value chains. This was done because while small-
holders provide important insights into the unique challenges they face farming in rural 
Sierra Leone, they are concentrated upstream, at the very beginning of the value chain. 
Their insights therefore must be complemented by that of other key actors throughout the 
value chain (from smallholder all the way to end buyer/consumer) in order to form a holis-
tic picture of the most significant obstacles across the chain, and in turn draw more coher-
ent inferences that can inform the proposed bundled intervention. 

A list of the key value chain actors interviewed as part of this feasibility study is given in 
Appendix 1. 
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3.2.1 Semi-Structured Interviews with Key Value Chain Actors: Background



i) Top Challenges

Figure 7 below shows the top three challenges reported by key value chain actors (in order of the 
top challenge reported).

Figure 7 – Top Challenges Reported by Key Value Chain Actors

Unavailability of Key Inputs

Key value chain actors reported that a lack of access to key inputs like modern seed varieties, 
fertilizer, and farming equipment is a major hurdle that prevents production increases, yield 
improvements, and overall agricultural transformation. Because they lack access to adequate 
financing (discussed more below) farmers are prevented from continuously buying improved 
seeds, which forces them to reuse seeds for multiple seasons, significantly reducing yields. 
Another problem is the lack of fertilizer. Farmers depend on the Sierra Leone’s Ministry of Agri-
culture, Forestry, and Food Security (MAFFS) to provide seeds and fertilizer (for free or at signifi-
cantly subsidized rates) and oftentimes the quantities provided are insufficient, thus lowering 
production levels come harvest. These insufficient quantities then result in farmers buying fertil-
izer locally and at unsubsidized rates. Because this locally bought fertilizer tends to be more 
expensive as a result of being unsubsidized, farmers often purchase smaller amounts than 
required for optimal planting, again negatively affecting yields (Haja, Interview). Lastly, farmers 
largely lack access to pre-harvest and post-harvest machinery (e.g., tractors and processing equip-
ment) or to insecticides, which obliges them to hire temporary farm laborers
in order to prepare the land and take care of pre-harvest pests. This practice is both inefficient 
(when compared with the mechanized alternative) and costly for smallholders. 
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Market Access 

Many rural producers face serious difficulties in accessing markets to sell their goods. Market 
access for smallholders is constrained by high transportation costs, lack of market information, 
and an inability to meet specific market standards required by end buyers (both quantity and 
quality requirements). Transportation costs are often exorbitant and roads are either absent or 
inaccessible, especially during the rainy season (4 to 5 months of the year). These high transaction 
costs limit farmers’ ability to price their goods competitively in the market. Another key barrier 
is poor market information on the part of both sellers and buyers. The majority of actors through-
out the value chain do not know who produces what, where, when, and how much (Ahmed 
Nanoh, Interview). Farmers oftentimes are unable to provide buyer names or contact informa-
tion and said that buyers generally took the initiative to seek out their produce when needed. 
Such ad hoc marketing methods prevent farmers from being able to properly coordinate their 
operations to align with buyers’ demand, and in turn inhibit the ability of farmers to have reliable 
quantities ready for would-be buyers. All of these uncoordinated, ad hoc market transactions have 
the end result of impeding any emergence of scale, keeping smallholders from graduating to 
larger, more commercialized levels of production. Lastly, smallholder market access is severely 
hampered by their inability to meet the quality and quantity requirements of modern markets. 
Larger end buyers (poultry/animal feed producers) have disproportionate bargaining power over 
smallholder producers: they can simply import maize if the quality and quantity of smallholder 
produce fails to meet their standards. Poultry farmers interviewed reported importing their 
maize from Mali and Guinea as local farmers have not been able to supply the quantity demanded 
(Joseph, interview). Oftentimes these imports of foreign maize result in reduced local maize 
prices, further pricing Sierra Leonean smallholders out of the market. 

Therefore, in contrast with the Smallholder Farmer Survey (discussed in section 3.1) that listed 
market access quite low down on smallholders’ self-reported list of challenges, our interviews 
with key value chain actors suggest that barriers to accessing the market are indeed a significant 
problem for maize farmers. The value chain actors interviewed are likely in a better place to adju-
dicate issues of market access, as many of them are downstream buyers (i.e., they are the market 
for smallholders’ produce). Indeed, the fact that smallholders do not consider this a challenge 
could itself be a considerable problem, as it indicates farmers are generally unaware of the frustra-
tion downstream buyers often experience when purchasing from smallholders. As such, a bun-
dled intervention that includes the facilitation of market access (through guaranteeing prices and 
end buyers in advance, and coordinating market transactions) would help address this problem. 
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Lack of Storage 

Not having a suitable location to store their crops forces smallholder producers to sell their 
maize right away (and thus unprocessed and often at a lower price). The status quo method of 
drying maize on a large, flat surface via heat from the sun 
 is both time-consuming and near impossible during the rainy season. As such, farmers often 
prefer to sell their maize on the cob to passersby. Selling maize unprocessed by the unit does 
not allow farmers to obtain maximum prices for their harvest. Storage constraints also limit 
producers’ ability to sell in the off-season when they could fetch better prices (see 
Deutschmann & Tjernstrom, 2018). Obviously cold storage would be optimal to both preserve 
the harvest longer and keep away unwanted pests, but the almost total lack of reliable electric-
ity in rural areas prevents the use of cold storage (Mellor, 2018: p. 120–21). Given this reality, 
the type of solar-powered rural electrification proposed by the bundled intervention would be 
a welcome remedy for the lack of [cold] storage.

Additionally, wholesalers and aggregators buy maize in bulk in order to meet the demand of 
the poultry farmers. However, when these wholesalers are unable to sell all of the maize they 
purchase and they lack a location to store the unsold maize upon return, they are then forced 
to either sell at lower prices or to sell to poultry farmers by credit (or risk losing the maize to 
theft, pests, or time). Therefore, the lack of [cold] storage can limit the amount that wholesal-
ers purchase from farmers (Mohamed Sesay, Interview). 

Lastly, inadequate storage leads to pests damaging the harvest. A lack of proper storage facili-
ties forces farmers to store their harvest locally in places like their homes or another open loca-
tion where there is a high risk of theft or of pests destroying a large portion of the produce. 
Production is often constrained by the lack of storage facilities since this can generate high 
rates of post-harvest losses (Alaska, interview).

Finance 

Rural enterprises involved in microfinancing are predominantly informal and are often unre-
sponsive to farmers’ needs. Financial institutions in Sierra Leone are not accessible to agribusi-
nesses or smallholders due to high interest rates, onerous collateral requirements, short loan 
periods that do not align with the harvest calendar, and a dearth of specialists within the banks 
who are familiar with the agriculture sector (Ahmed Nanoh, Interview). As a result, this lack 
of adequate access to formal financial services traps smallholders in a vicious cycle of low 
productivity, low yields, and persistent poverty. 
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Farmers are cash poor, which inhibits them from investing in the necessary input supplies such 
as fertilizer, seeds, and farming equipment that increase yields and incomes. In some rural 
communities in Sierra Leone there exist government (MAFFS) sponsored farming groups 
called Agricultural Business Centers (ABCs), which provide farmers with extension services, 
serve as an aggregation center for produce, and some ABCs have also evolved to provide finan-
cial services (Jane & Mohamed, Interview). Nevertheless, these centers were only brought up 
by two value chain actors and do not seem to be widely available to smallholders across Sierra 
Leone. Most farmers interviewed, however, were members of at least one village savings group 
(sou sou groups). Nevertheless, these groups are informal, typically small in size, and only 
provide access to very infrequent, non-interest earning lump sum payouts.
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In addition to the Smallholder Farmer Survey and the semi-structured interviews with Key 
Value Chain Actors, the third activity of the feasibility study involved the fabrication and 
installation of a novel maize processing machine in two rural villages (Tormabum and Segb-
wema). 

This fabrication and installation was conducted because, as part of the proposed bundled 
intervention, the research team intends to coordinate the distribution of electrified maize 
processing machinery to rural villages newly connected to electricity (by the UNOPS solar 
grid program). Specifically, this electrified maize processing technology comes in the form 
of a maize dryer machine designed by a team of engineers from Stanford University for 
maximum affordability.

Why a maize dryer machine? Four main reasons: (1) smallholders have little access to farm-
ing machinery and reported this as the second greatest challenge they face as farmers (see 
section 3.1.2), (2) maize is much more of a commercialized crop than rice -- the other 
primary staple crop in Sierra Leone that is predominantly a subsistence crop (see section 
3.1.2), (3) maize must be dried to a certain moisture content in order to be stored for 
extended periods of time (otherwise the maize spoils quickly), and (4) drying the maize 
allows it to be processed into more value-added products like cornmeal and corn flour that 
could potentially fetch higher prices.
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Because the maize dryer machine is a new prototype, testing it in a real-world context in rural 
Sierra Leone was seen as essential before a broader scale-up. This testing accomplishes several 
essential elements. First, testing the maize dryer machine in a real-world context ensures that 
the prototype functions as expected when connected to electricity generated by the UNOPS 
solar grids (and allows the team to verify the exact specifications needed in order to actually 
“plug into” the grid). Second, installation in Sierra Leonean villages allow
us to both uncover the necessary administrative processes that the eventual scale-up must 
follow and to identify the local stakeholders that any future installations must secure approvals 
from before proceeding. Third, testing the prototype allows the engineering team to iterate on 
the design and to finalize a detailed step-by-step installation guide that can help inform future 
installations (see Appendix 2 for the installation guide).  
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In summary, this feasibility study aimed to test the three main components of a bundled 
agricultural intervention in the Sierra Leonean context: (i) rural electrification, (ii) access 
to productive farming technology, and (iii) extension services and improved market access. 

The motivation behind such a feasibility study stems from the fact that this bundled inter-
vention will be rigorously measured by a future randomized control trial to be implement-
ed in hundreds of villages across Sierra Leone. Therefore, ensuring that the proposed 
bundle of services is suitable to rural Sierra Leone before such a scale-up is essential. 

This feasibility study included three key activities:

 1. A Smallholder Farmer Survey (section 3.1)
 2. Semi-structured interviews with Key Value Chain Actors (section 3.2)
 3. The fabrication and installation of a prototype of the electrified maize 
     processing machine (a maize dryer) in two rural villages (section 3.3)

In addition to the above activities, Appendix 3 provides a detailed overview of the exten-
sion services that are to be included within the bundle.

First, the Smallholder Farmer Survey had three main findings: (i) the lack of farming 
machinery is a top challenge faced by smallholders, (ii) maize is a cash crop in Sierra Leone 
(unlike rice, which is a subsistence crop), and (iii) access to rural electricity and post-harvest 
processing technology is severely restricted among the surveyed smallholders (hindering 
their ability to produce higher value-added maize products).

Second, the semi-structured interviews with Key Value Chain Actors uncovered four main 
constraints smallholder maize farmers face: (i) the unavailability of key inputs, (ii) limited 
market access, (iii) a lack of adequate storage, and (iv) a lack of credit. 

4. CONCLUSION
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Third, the fabrication and installation of the maize dryer machine in two rural villages was 
necessary for three reasons: (i) to ensure the prototype designed by Stanford engineers was 
indeed functional in rural Sierra Leone, (ii) to uncover administrative procedures (some 
formal, and some informal) that must be followed during the scale-up, and (iii) to iterate and 
finalize the design as well as create a step-by-step installation guide for future installations 
(Appendix 2). 

On the whole, this feasibility study largely validates the proposed bundled intervention. 
With the constraints around rural electrification, electrified farming technology, extension 
services, and market access relaxed (if not resolved), smallholders will be much better placed 
to move from subsistence towards commercialization. This transition is a necessary precon-
dition for broader agricultural transformation.
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Appendix 1 – Key Value Chain Actors Interviewed
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Appendix 2 -- Step-by-Step Maize Dryer Installation Guide

      Parts List
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 Nuts and Bolts Connections

 Tools List
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Assembly of the Wire Mesh Frame (Parts # 1.1–1.5)
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Assembly of the HX, Air Tube, Tube End and Bin (Parts # 3–5, 13)

1.  Make the cement mixture. The mixture ratio of cement to sand is 1 bag of 50 kg 
cement to 7 head pans of sand. Mix with water as needed. 

2.  Position the Wire Mesh Frame (Part # 1) on the ground. Make sure the frame is level 
using a bubble level. If it is not level, place some stones under the legs of the frame and 
secure it using the cement mixture.
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3.  Assemble the HX (Part # 3), Air Tube (Part # 4) and the Tube End (Part # 5) using nuts 
and bolts.  
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4.  Position the Tube End at the center front of the Wire Mesh Frame.

5.  Construct the Bin (Part # 13) with cement bricks. First lay out the first layer of bricks.
 a. Make sure that the bricks are level and straight using a bubble level and apply   
             cement mix as necessary. 

 b. Make sure that the bricks are air tight and flush against the Wire Mesh Frame   
              legs. 
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 c.  Bricks may need to be chiseled to fit around the frame. Adjust as needed.

6.  Cement the bricks together.
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7.   Embed the prongs on the Wire Mesh Frame into the second layer of bricks. Bricks may 
need to be chiseled to accommodate the prongs. Adjust as needed.

8.   Cement the bricks together.
 a.  Make sure the sides of the Wire Mesh Frame are air tight and flush against the  
     bricks. Fill any gaps with cement mix.
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9.  Layer and cement a third layer of bricks, still making sure that the bricks are level.

10.  Plaster the inside up until the second layer of bricks with clay. Plaster the inside of the 
third layer and the outside of the Bin with cement mix.
 a. Make sure to knead the clay well before application. Mix the clay with water
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Assembly of the Fan, Fan Holder, Engine, Engine Stand and Engine Positioner (Parts # 
6–11)

1.  Attach the Fan (Part # 6) to the Fan Holder (Part # 7) using nuts and bolts.
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2.  Attach the Engine Stand Positioners (Part # 11) to the Engine Stand (Part # 10) using 
nuts and bolts.

3.  Install the Engine (Part # 8) onto the Engine Stand. Align the holes on the stand and 
the engine, and use nuts and bolts to attach engine to the stand.
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4.  Install the Fan Holder onto the Engine by putting the Key (Part # 9) into the Engine’s 
keyway and tightening the fan holder onto the engine with the bolt. 
 a. Make sure that the Fan blades do not touch any part of the Engine.
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5.  Dig the ground where the Engine Stand is to be placed.

6.  Position the Engine Stand assembly in the ground, making sure that:
 a. The fan is centered within the fan enclosure (IMPORTANT!!!)
  i. Spin the fan to make sure that the fan does not touch the enclosure
 b. The fan is level
 c. The Engine Stand Positioners are below ground up until the start of the Engine   
     Stand
Adjust with stones as necessary.
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7.  Fill the hole with cement mix.

8.  Wait for the cement to set.
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Assembly of the Furnace (Parts # 14–16)

1.  Position the Furnace Grill (15) and Furnace Mesh (16) underneath the HX (3).

2.  Position clay bricks around the HX legs.
 a.  Chisel the bricks as needed.
 b.  Make sure to leave a gap on all sides except for the one closet to the engine in
      the first layer of the bricks.

3839



3.  Position the Furnace Mesh on top of the bricks after the first layer.

4.  Place a second layer of bricks on top of the mesh. Chisel as needed.
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5.  Place a third layer of bricks.
 a.  Leave gaps on two sides for fuel addition.
 b.  Make sure that there is enough brick to cover any space between the bricks and  
      the HX.

6.  Put the bricks together using clay. Fill gaps between the HX and bricks with clay.
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7.  Cut brick pieces to size so that they fit in the gaps on the two sides. Do not permanently 
clay these pieces to the Furnace.

8.  Plaster the outside of the Furnace with cement mix. 
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Assembly of the Chimney (Part # 12)

1.  Plaster the inside of the Chimney (Part # 12) with clay.

2.   Attach the Chimney to the HX using nuts and bolts.
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Appendix 3 -- Overview of Warc’s Extension Services

A3.1 Overview 

The effectiveness of Warc’s extension methodology has been proven throughout Sierra Leone, 
and has positively impacted over 10,000 smallholder farmers. Warc extension services are based 
on building the foundation for peer-to-peer knowledge sharing. Over the course of 9 years of 
operation in Sierra Leone, our methodology has demonstrated that farmers learn best from 
other farmers. 

A3.2 Philosophy of Warc’s Extension Approach 

Our approach centers on operationalizing a network of farmer groups who regularly meet 
together to learn from each other and support each other’s development. To do this, Warc focus-
es on enabling an effective extension team (Farmer Connectors) to provide routine support to 
farmers directly on farms. 

Building an effective agricultural extension network made up of high functioning groups of 
farmers requires considerable investment in developing localized knowledge of selected commu-
nities, creating a team of Farmer Connectors who are both technically sound and skilled facilita-
tors, as well as investing in building trust, confidence, and teamwork amongst farmers. As such, 
creating an impactful network of farmers who learn from and support each other is more art 
than science. 

In order for farmers to benefit from working together, especially over several seasons, they must 
be able to derive value from sharing knowledge and assets. This requires trust, cooperation, 
respect, and strong communication. In addition to coaching farmers on integrating good agricul-
tural practices (GAP) in cereal production, Warc’s agricultural extension services concentrate on 
developing these soft skills through farmers’ interactions with Farmer Connectors. 

Rather than a workshop-type training, Farmer Group meetings take place on the farmers’ plots 
so that real life examples can be used. This is especially pertinent to farmers that are uneducated 
and did not have exposure to classroom-like learning methods. Farmers have trusted and 
learned from each other for millennia, and Warc’s high-touch facilitation method leverages exist-
ing channels through which information in these areas has historically been conveyed. 
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A3.3 Warc Farmer Network 

Warc’s Farmer Network model reaches thousands of farmers through a team of Farmer Connec-
tors. Farmer Connectors are facilitators who work with farmer groups on an ongoing basis over 
the course of one year to build groups’ capacity to improve their productivity. 

The Agricultural Extension Network Coordinator acts as the main Warc liaison for the team of 
Farmer Connectors. The Network Coordinator is responsible for investing in the team’s skill 
development and coordinating all logistics that enable the team to reach farmers. At the end of 
each day, the Network Coordinator facilitates meetings with the Farmer Connectors to gather 
information about the challenges and successes and provides advice on how to improve.

Farmer Connectors are the direct contact point between Warc and farmers. Farmer Connectors 
primary role is to identify Lead Farmers in the communities they are working in and facilitate 
the meetings of the Farmer Groups. Early on in the process, the Farmer Connector will play a 
heavy role in supporting the Lead Farmers to create Farmer Groups and help these groups form 
a sense of identity. Because many farmers are used to an authoritative, top-down extension 
approach, rather than collaborative, farmer-to-farmer learning, the Farmer Connector must 
help guide the groups through a transition process in these early stages. The meetings are held 
weekly. 

Lead Farmers form Farmer Groups by identifying farmers who would like to work together 
with them throughout the season. The Farmer Connector then facilitates ongoing weekly sup-
port to these Farmer Groups to strengthen and advise on skill development. 

Additionally, there is an added benefit if Farmer Connectors have access to a model “Training 
Farm,” from which expertise is generated and transferred to the Farmer Groups via demonstra-
tion. More information on the Training Farm model is in the section entitled “High-touch 
Extension Method” below. 

The following outlines key characteristics and considerations of roles and activities within the 
Farmer Network model. 
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A3.3.1 Farmer Connectors

Desired Qualities of Farmer Connectors 

A Farmer Connector is the direct interface between Warc and farmers. ‘Soft’ skills (inter- and 
intrapersonal skills) are more important than technical agronomic knowledge in determining 
whether an individual will be able to support the formation of functional Farmer Groups. While 
technical agronomic skills can be taught, skills like leadership, listening, taking pride in one’s 
work, and trustworthiness are more difficult to instill through training. These skills are critical 
to becoming an effective facilitator. The following characteristics are sought when selecting an 
individual for the role of Farmer Connector: 
 
 1. Demonstrated interest in rural development 
 2. Motivation and abilities to successfully undertake rural community work 
 3. Relevant knowledge for geographic area of operation
 4. Desirable interpersonal skills 

After selection through both group interviews (to determine a potential Farmer Connector’s 
interaction in a group) and personal interviews, Farmer Connectors are hired and trained in the 
facilitation methodology and gaps in any agronomic information are filled. While in service, 
Farmer Connectors are regularly tested on their skills and must maintain a level of expertise in 
the subject matter taught to Farmer Groups. 

Warc places a special focus on gender balance when forming a team of Farmer Connectors. As 
Farmer Connectors, women take the opportunity to be leaders in the communities in which 
they work. 

Farmer Connector Equipment 

In addition to their invaluable notebooks which are used to capture daily information about 
their meetings and notes on Farmer Group progress, Farmer Connectors are assigned the 
following equipment which allows them to do their jobs: 
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A3.3.2 Lead Farmers

Desired Qualities of Lead Farmers 

A Lead Farmer acts as the primary liaison point between Warc’s Farmer Connectors and other 
farmers in their community. Lead Farmers are individuals who demonstrate inherent leader-
ship qualities and are motivated to support fellow farmers to work and learn together. Lead 
Farmers play a critical initial role in identifying and coordinating Farmer Groups. Farmer Con-
nectors judge potential Lead Farmers by gauging the following characteristics: 

 1. ‘Natural leader’ characteristics 
 2. Evidence of better-than-average, market-oriented production processes 
 3. Demonstration of intentionality and innovation within production system 
 4. Willingness to work in team and support other farmers 

As Lead Farmers serve as models to their groups, they must be generally successful in their field 
and have a good standing in the community. Lead Farmers help to form and coordinate groups, 
and thus must be respected by the group members. 
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A3.3.3 Farmer Groups

Desired Qualities of Farmer Groups 

The ultimate goal of a Farmer Group is to provide farmers with more access to gainful agricul-
tural opportunities than they would be able to access as individuals. While Farmer Groups come 
together for different purposes and to access different opportunities, the following tenet should 
hold true across all groups: group members perceive themselves as moving closer to accomplish-
ing their goals (e.g., improved yield, improved income, enhanced resilience/reduced risk from 
production shocks like weather fluctuations) through their participation in the group (compared 
to if they were farming alone). Group members must hold a belief in the group’s ability to deliv-
er shared value in order to sustain working together. If farmers do not believe their participation 
in a group helps them meet their goals, or that group participation is taking their time from 
more valuable activities, the group will cease to function. 

Selection Criteria for Farmer Groups 

Following the Farmer Connectors’ identification of Lead Farmers, the Lead Farmers are then 
tasked with convening a group of interested farmers to work together throughout the season. 
There should remain flexibility in the criteria around Farmer Group formation in any area 
which is in its first year of cultivation of a particular crop. During community entry, the Farmer 
Connectors take special care to learn about the local context.

Warc Farmer Connectors coach Lead Farmers on criteria that may enhance a group’s effective-
ness, allowing the Lead Farmer to coordinate a group of farmers within their community. The 
Farmer Connector stays heavily engaged and assesses the group’s viability through interviews 
and on-farm work assessments.

Selection Criteria for Communities Engaged 

The following criteria should guide the selection of which communities Warc Farmer Connec-
tors focus their activities: 
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Guiding Factors for Group Formation 

Group formation is inherently flexible and relies on aligning with the local context, but there 
are several factors that must hold firm in the optimal farmer network:

i) Independently Motivated Farmers 

Groups should consist of serious, business-minded farmers who are ready to work together to 
improve their production practices. Farmers who join Warc-supported Farmer Groups must be 
ready and willing to contribute their resources (time, labor, and finance where applicable) to 
improving their farms. Clearly communicating that joining a group will not lead to free inputs 
is expressed by Farmer Connectors through messaging to Lead Farmers such as “a shop owner 
doesn’t expect someone else to buy all their wares and foodstuffs for them before they start a 
business. Similarly, a serious farmer does not expect to receive free hand outs in order to engage 
in production.” 
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ii) Access to Productive Assets 

Group members should have access to land (though they do not have to be land owners) and/or 
other productive assets (e.g., an ability to contribute labor to the group’s activities). No specific 
criteria needs to be set around land type (upland, boliland, swamp, etc.), though farmers are 
encouraged to form groups with others whose fields are in close proximity to theirs to improve 
logistics of sharing labor. All farmers in the groups should demonstrate previous experience 
cultivating the relevant crop(s). 

iii) Optimal Size 

Farmer Connectors advise that groups should be between 15 to 20 people. A smaller, more cohe-
sive group is typically more effective than a large group, though it is ultimately farmers who 
must decide how they would like to organize together. If community members insist on sug-
gesting many more individuals be part of the group (it is not uncommon to have 30+ individuals 
state they want to be part of the group), Warc would encourage asking these groups to self-orga-
nize into two smaller groups once the group begins working together and group dynamics 
become evident. 

iv) Dedication to Inclusion 

Women and young people should be actively encouraged to be included in groups, both as lead-
ers and as members. Men and women have varied but equally active roles in agriculture, so this 
can be highlighted to encourage inclusivity during group formation. Discussing the roles that 
older vs. younger and male vs. female members can play within the group should be part of the 
group formation process. It is more traditionally acceptable for men to be seen as leaders, so 
women need more encouragement and support to be suggested as Lead Farmers, but it has 
been common within Warc’s past extension networks. 

v) Willingness to Work Together 

Forming new Farmer Groups requires different types of support than working to improve exist-
ing Farmer Groups. Warc is continuously testing the efficiency of working with newly
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configured groups vs. working with existing groups. While most of the groups involved in Warc 
activities have been formed by the methodologies described above, groups that have previously 
worked together and have reconfigured based on members being interested in working with 
Warc have also been accepted to receive support. 

With support and guidance from the Farmer Connector, the Farmer Groups are responsible for 
setting their own rules and schedules. The Farmer Connector suggests best practices for the 
farmers and allows them to fill in the details. This is an important aspect of the Farmer Group 
system as it generates a sense of ownership, self-determination, and pride surrounding the 
group. 

A3.4 High-touch Extension Training Method 

The extension is broken down into three main components: Group Building, Knowledge Trans-
fer and Goal Setting, and Continued Knowledge Transfer: 

Phase 1 – Group Building 

The first step of the extension services is to form the Farmer Groups and begin building trust 
with the selected communities. This phase requires the most hands-on support from the 
Farmer Connector, as the facilitation-heavy methodology is the opposite of traditional 
“top-down” extension training. The group members need to “unlearn” the expectation that 
they will be told what to do. 

The Farmer Connector will assist the farmers to form their groups rather than do so on their 
behalf. The Facilitator will also assist the farmers to develop rules for their groups, providing 
suggestions, but allowing the group to regulate itself. Meetings will occur weekly on the farm-
ers’ fields. During this phase, there is very little transfer of technical knowledge. Instead this 
phase sets the foundation from which cooperation, mutual support, and learning is built. 
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Phase 2 – Goal Setting and Knowledge Transfer

After the groups begin to trust each other and work cohesively together, the Farmer Connector 
will begin introducing more and more technical topics into the discussions. The Farmer Connec-
tor encourages the farmers to debate and answer each other’s questions, but is also ready to 
supply them with the correct technical advice when necessary. 

This is also the stage in which the Farmer Connector helps the Farmer Groups develop concrete 
goals. Throughout the process the farmers encourage each other to employ Good Agricultural 
Practices (GAP), but it is during this phase that the Farmer Connector formalizes their goals, and 
points the groups in the right direction to accomplish those goals. 

Phase 3+ – Continued Knowledge Transfer 

In addition to continued technical advice and encouragement, the Farmer Connector begins to 
include more information at this stage. Farmer Groups often ask the Farmer Connector for 
advice on various topics such as marketing or financial literacy, and sometimes the Farmer Con-
nector will introduce it on his or her own. These lessons often move beyond strict agricultural 
training. They are also aimed at helping transition farmers’ perceptions of their farms as places 
of subsistence towards viewing their farms as commercial enterprises. These additional skills 
help them to do so. 

Eventually, as the Farmer Groups start meeting by themselves and begin to rely less on the 
Farmer Connector, the amount of facilitated meetings will decrease. The Farmer Connectors are 
able to begin working in a more high-touch manner with new groups while monitoring the 
more experienced groups. 
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Extension Complemented by a Training Farm 

As mentioned above, farmers tend to trust and learn from other farmers. Extension in itself is 
a very important tool, but Warc has found that knowledge transfer is best done when a model 
farm is nearby the extension area. 

A3.5 Adaptability and Opportunities 

Beyond pure agriculture education, this methodology can be adapted to teach other curriculums 
in addition to what Warc designs. Topics such as basic financial literacy or marketing skills can 
supplement traditional agriculture extension. The method of delivering the information is the 
same, but the information itself can change. 

Warc can also implement this methodology to deploy educational programs designed by public 
entities, such as the Ministry of Agriculture, Forestry, and Food Security (MAFFS) or local gov-
ernments. Government extension officers generally visit their communities sporadically, and 
have limited resources to engage in regular, high-touch agricultural extension. Warc has the 
know-how, management team, and technical knowledge to complement or replace govern-
ment-led intervention strategies. 
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A3.6 Impact 

Warc’s extension methodology has proven successful across many projects over several years, 
covering over 10,000 smallholder farmers. The most recent group of 3,000 farmers saw yields 
increase by 60%, among a host of additional development impacts: 


