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EXECUTIVE SUMMARY

SECTION ONE




The contextand scope of this study

Context and background Scope of the study

+  Off-grid solar has grown rapidly over the last decade *  Global PULSE frends analysis: foidentify key
in Africa, with World Bank / IFC’s Lighting Global innovators and competitive dynamics for a range of
playing a critical role in developing the market PULSE products

+ To date, the space has mainly focused on powering *  Detailed country/use case analysis: to assess
household lighting and appliances — to meet specific opportunities for PULSE use cases, with a
consumption-related energy needs focus on farmer economics

. Productive use leveraging solar energy (PULSE) *  Market sizing fo assess demand for PULSE products
presents a next frontier, providing income- for three priority use segments across Sub-Saharan
enhancing opportunities for off-grid households Africa up 102030

. Lighting Global engaged Dalberg to conduct a + Ecosystem mapping: to identify the regulations,
market study on the PULSE opportunity in Sub- policies, and actors that can advance the market
Saharan Africa, with deep dives on Kenya, «  Case studies: on two leadinginnovatorsin priority
Zimbabwe, Cote d’'lvoire PULSE segments

Based on Lighting Global’s traditional field of inquiry, the study has a focus on micro-scale applications up to
1kW, which typically overlaps most with the off-grid household solar space
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Insights and Findings (1/10)

Key takeaways

Diverse actors are
bringing PULSE
products to
market...

PULSE products are increasingly available in Africa with general or specialist solar distributors
testing sales of PULSE products, with most activityinin solar water pumps

There are circa 100 firms innovating on manufacture of PULSE solutions, increasingly targeting

‘micro-PULSE’ applications (<1kW)

Large international manufacturers are following first-mover start-ups and looking to augment their

more established product ranges to target smallholder farmers

Solar home systems (SHS) firms see the potential of PULSE to deepen their customer’sincomes, but
need to adapt their models for more expensive and technically complex products

...driven by some
key frends
supporting a push to
PULSE...

Potential demand is high: (i) average rural electrification rates are below 25%, (ii) agricultural
production and small business remains significantly under-mechanized and (iii) the costs of

alternatives such as diesel can be prohibitively high when considering whole life costs

Solar alternatives are falling in price, in part due to the emergence of more efficient DC

technologies and declining panel & battery prices

This is broadening the range of viable off-grid applications and standalone PULSE solutions

...however, maturity
is early stage, and
scaling faces value
chainissues (not just
energy access)

The maturity of technologies varies by type, geography and system capacity. Use cases typically
have little/no incumbency from non-solar products, so raising awareness and piloting is critical.
Alongside which farmer training is needed to ensure technologies are applied alongside good

agricultural practices

Providers need to understand farmer-level commercial activities within value chains to tailor
product offerings— the case to investis stronger today for solar water pumps than other PULSE

products

Two more persistent challenges exist for processing / cold storage: 1) the degree of aggregation
needed to makeremote small-scale activities viable and 2) the diurnal load variation and volatility

which reduces solar system performance against diesel
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Insights and Findings (2/10)

Key takeaways

Irrigation is most
‘ready’ to scale, with
targeted refrigeration
uses next...

Solar irrigation is well established globally, and has a growing application at smallholder farmer scale in Africa.
Product innov ation and declining prices have made micro applicationfor DC pumps more viable, but product
lines have not yetreached commercial scale and significant costs remain in solar panels not pumps

Solar refrigeration (cooling / freezing) is starfing to find a market for targeted applications, such as milk chilling
and fishfreezing, as well as walk-in cold storage for higher v alue crops. The economics are currently more
attractive forlarger farmers or organized farmer groups

There are more nascent applications for milling, threshing, grating, pressing, drying — the economics for these
activities rarely make sense at a small scale — solar or otherwise

There are otherniche use cases which could find a market, but they are likely to be small today and fav or higher-
income farmers - such as egg incubation, milking, elecfric fencing

... affordability remain
key barrier to PULSE
growth, with policy,

data, awareness also

being key...

Affordability and lack of consumer financing is a key consiraint across all PULSE use cases which limits
serviceable market size significantly. PAYG and subsidies could further expand the serviceable market

Water pumps or cooling units can cost between $600-$2000. Evenwith asset financing (rarely av ailable),
monthly repayments for PULSE products canreach $20-75

Whether the business case is feasible for a farmer will depend onincremental net income fromincreased

productivity and/or costs savings, and also seasonality/v olatility of the crop cycle; flexible financing and
payments terms can unlock market here. In future feed in tariffs could also act as a cost offset

Low awareness of PULSE benefits, unfavorable policies (especially tax), and weak quality & standards are also
barriers. Limited alignment with national dev elopment agendas presents a missed opportunity (often
agriculture actors are not speaking to energy access actors)

...given complexity,
PULSE for agriculture
requires coordination,
market building, and
patient capital

Patient capital, results based financing, and innov ation grants have a criticalrole to play, as they did for the
solarlightingsectorinpast decade; USAID, GIZ, CLASP are supportingin this way

There is a need for more focused data on agricultural markets and linkages to value chain actors. This would
help PULSEfirms to target/acquire the right customers and help to de-risk customers by making market linkages
to large buyers to ensure offtake. Post-sales training can help to ensure products are used well

Policy also has a significant role to play; the tax freatment for solar DC appliances with AC equivalentsis often
unclear and appliedunevenly
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Insights and Findings (3/10)

Country nuances

Kenya (KEN)

. Value chains are relatively well
commercialized, with sirong
aggregation of smallholder farmers,
especiallyin export / cash crops

) . Rural electrificationrates are low at
Agriculture- 13%, but growing fast at 6% year-on-
Energy year; solar home systems penetration
Nexus isrelateively high

Overview . )
. At microscale, thereis limited

productive use of energy (solar or
otherwise), but withnotedly higher
penetration of water pumps relative
to other product groups

. VAT on all solar appliances was
removedin 2014 but the Treasury
have indicated they may re-

Key inroduce it to align with other EAC

Bottlenecks countries

to PULSE «  Accesstofinance isrelafively more

Uptake available in Kenya than other
markets; however, it is still limited;
the current rate cap has seized up
the credit market

Zimbabwe (ZIM)

Land reforms in the 90’s / 00’s caused
significant disrupfion, shiffing much
commercial farming fo smallholder
ownership

Value chains are still adapting fo
support smallholders, where there is
limited formal aggregation

Rural electrificationis at 16%,
however many of these have weak
grid connections only

There is very limited incumbency for
micro productive use of energy (solar
or otherwise)

The government hasremoved 40%
import duty on solar products which
has helped suppliers

But, accesstofinance is tough,
underpinned by limited capital and
persistent FX challenges

Awareness, assured offtake and
market confidence will be key
aspectsof PULSEscale up

£ )
LIGHTING_GLOBAL

Cote d’lvoire (CIV)

Cash crops are a key focus of the
economy; however, thereis
increasing focus on self-sufficiency
in staples such as rice & maize

Cobte d'lvoire has seen a significant
expansion of rural electrification,
now at 38% driven by the National
Program for Rural Electrification
(PRONER)

There is very limited incumbency for
micro productive use of energy
(solar or otherwise)

VAT reduced from 18% to 9% for
solar products, but other opaque
fees push product costs up

Thereis very low access fo finance;
financing mostly av ailable to
smallholdersincash crops such as
cocoa and cashew

Financing through cooperativesis
more av ailable but few value
chains hav e strong aggregation

THE WORLD BANK  |EC
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Insights and Findings (4/10)

Country nuances

Irrigation

\:,r
‘?\

Cold storage

Other

Kenya (KEN)

Uptake is growingrapidly; specialist
providers / distributors and (now)
larger OEMs are starting to enter
segment using Kenya as entry point

Nascentbut growing market; to date
suppliershav eintentionally targeted
aggregatorsin high value crops

Pilot activity only; current actors are
exploring segments where distance to
existing processors is prohibitive but
technologies are untested

Pilot activity only; potential for farmers
in both formal and informal channels
but pricesneed to come down tobe
viable forsmallholders

Thereis some latentdemand across
sev eral value chains, butno
incumbent commercial equipmentis
currently being utilized

Note: 1) OEM - Original equipment manufacturer

Zimbabwe (ZIM)

Solar pumps are available but uptake
is limited; there are sev eral distributors
targeting smallholders, but
affordability isa major constraint

Opportunityforhorticulture cold
storageis limited, post-harvestlosses
are largely driven by poor handling
practices and a lack of market
access

No activity; there is potentialto
displace incumbent micro-scale
miling, but services are usually
compensatedin a % of produce not
money

Pilot activity only; thereis an
opportunity to help boost smallholder
incentiv es to utilize the gov ernment’s
milk collection centers

Farmers v oiced some need for maize
drying technologies, but returns are
low and noincumbent technologies
exist

Retailer lighting: The unreliability of
electricity supplyin cities creates
demand for PULSE solar products from
retailers mainly for task lighting

b )
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Cote d’lvoire (CIV)

Penetrationremains very low to date;
climate patterns and market structure
makes water pumps difficultto market
otherthan for horticulture

Limited to no uptake; highest potential
in higherv alue exotic fruitfor export,
and more difficult for domestically
consumed v egetables

No activity; Gov ernment wants more
local processing, especially inrice,
cocoa, and cashew; forrice there is a
quality concern at smallerscales

N o activity; local milk productionis
limited and mostly informal.
Powdered milkimports are a barrierto
domestic sector dev elopment

Could reduce losses and time spentin
cassav aandrice processing but
additionalmargins are limited, and
thereis limitedincumbency

Fish chilling: Inland fisheries appearto
offer betterincentives to preservefish
through cooling than coastalregions,
targeting tfraders not fishermen

THE WORLD BANK  |EC
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Insights and Findings (5/10)

Summary of use cases - KENYA

Note: 1) Based on a farmer grow ing 25% high value crops (capsicum/tomato) and the remainder low er value (maize).
2) Payback period for milling assumes 60% utilization of 60MT/annum, based on typical aggregation dynamics w ithinthe
maize value chain and typical rural population density inmaize production areas

Two-year
Direct RO refurn on Full payback
Use case - Farm size versus q A Summary of viability
incumbent . invesiment period
incumbent
(ROI)
High viability — payback in <1 year
depending on commercial value of crop
H.or.iicu.lture Diesel 0.5ha Year 1 204%' <1 Year Market access is key for high returns,
irigation suppliers can target customers with high
potential for offfake of high value crops
Viability medium and highly dependent
on 1) production volumes and 2) extent of
spoilage reduction
Dairy chilling N/A 50L N/A 11% 22 months
< Payback is 22 months at 15L/day but at
E <10L/day payback is >30 months needing
> aggregationtoimprove viability
Payback period assumes 60% utilization
giventypical market usage; viability
improves if 100% utilization can be
achieved (110MT/year and ~288
Maize milling Diesel Year 2 15% 21 months’ households)
Value proposition is higher in remote
areas where distance tomillsis a greater
challenge, withthe tradeoff that
populationdensityislowerin these areas
Key Viability Bre?::::;::{ sus Tw%-())lleur Typical payback
High <Yearl >100% <1 Year
Medium Year1-Year?2 <50% <2Years
- Low >Year?2 <0% >2 Years

=
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Insights and Findings (6/10)
Summary of use cases - ZIMBABWE

Two-year
Direct RO t Full payback
Use case - Farm size versus fefurn on P Y Summary of viability
incumbent . invesiment period
incumbent
(ROI)
High viability - payback in <1 year across
multiple crops
Horficulture irrigation Diesel 1 ha Year 1 140% <1 Year Returns can be improved through market
linkages with off-takers, and tailored
financing options
Medium viability, highly dependent on
increasing productivity, and sustained
; access to formal markets
ﬁ Dairy chilling N/A 50L N/A 30% 19 months Returns are boosted by premium price
g offered for higher quality
~ Payback is 26 months for 5L/ day, shorter
payback requires farmer aggregation
Medium viability driven by reduced long-
tfermcosts of threshing
. . . 1
Maize threshing Diesel 0.25MT/h Year 2 29% 14 months Can be increased by improving mobility
of the product and ability of the
technology to be mulli-purpose
TR Break even versus Two-year q
Key Viability incumbent ROI Typical payback
High <Yearl >100% <1Year
Medium Year1-Year?2 <50% <2Years
- Low >Year?2 <0% >2 Years

Note: 1) Paybackperiod formaize threshing assumes maximum utilization (operating at maximum annual
capacity) basedon the equipment's technical specificationand typical utilizationin incumbent

technologies

=
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Insights and Findings (7/10)
Summary of use cases — COTE D’IVOIRE

Full payback

period

Summary of viability

Viability low/medium (even at max
utilization of 118MT/ year paybackis 19
months) due to highinitial costs andlow
market rates for grating as a service

Viability more probable for cooperatives
givenhigh volumes processed

21 months

Viability low/medium even at max
capacity of 68MT/year and ~75 farmers in
ayear

Likelyto face uptake challenges due to
slow processing (waiting time) and if solar
isunable tomatch current rice quality of
diesel/grid processors

Two-year
Direct LG return on
Use case incumbent Farm size inc\:ll?rrnsg:nt investment
(ROI)
Cassava grafing Diesel 50kg/h
w
=
(@)
>
a Rice hulling Diesel 60kg/h
Q
(O]
Fish freezing / chilling Grid 20L 101%

12 months

High viability (payback in <1 year) driven
by high spoilage and v alue loss, but
incumbent ice usage is cheaper

Highest value proposition for traders
furtherinland where accesstoice islower

Key Viability Bre?::l}':;::; sus Twc;g:ear Typical payback
High <Yearl >100% <1Year
Medium Yearl-Year2 <50% <2Years
- Low >Year?2 <0% >2 Years

Note: 1) - Payback period for maize threshing assumes maximum utilization (operating at maximum

annual capacity).

" WORLD BANKGROUP
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Insights and Findings (8/10)

Kenya use cases

Solar irrigation shows
strong viability, but
needsfinancing
solufions

Uptake of solar pumped irrigation by smallholder farmers is growing but still low as diesel pumps have
prohibitively highupfront and operating costs

Kenya is however ahead of the curveinterms of innov ation and has seen the most activity targeting
smallholders at <1ha, increasingly solar-powered

Commercial viability is sirongest for horficulture crops but still need financing coupled with strong customer
service and agronomy support. Farmers typically grow a basket of crops to optimize returns year round

Milk chilling could be
a significant
opportunity if the
market pricedin
quality (whichitdoes
not)

Up 10 250,000 smallholder dairy farmers could benefit from solar milk chillers, with co-operatives providing
a plaiform to help scale

Farmers who sell chilledrather thanun-chilled milk, could boostrevenues by +60%, by reducing spoilage
and getling full value from evening milk

W hole life costs for solar-powered solutions are much lower than diesel ones, despite higher upfront costs,
but lower prices are needed to be viable for smallholder farmers

Cold chain, milling,
threshing, drying, are
all some way off and

use casesare
unproven

Smallscale agro-processing activityis limited to very few value chains and is most widespread in maize; solar
technologies at this scale are only at an early stage, withthe main supplier entering the marketin 2018

There are no major incumbent technologies for cold storage targeting SHF directly, but off-taker/processor
solutions at >30 square meters are more established

Sowhile thereis interest, suppliers targeting small holder farmers will need to work on awareness and proof-
of-concepis to scale

\/,) * WORLD BANK GROUP 12
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Insights and Findings (9/10)

Zimbabwe use cases

Imigation needs
changed significantly
alongside land reforms,
adaptation is ongoing

Zimbabwe's land reformsin the 1990s / early 2000s significantlyincreased the number of smallholder farmers,
leaving exisfing irrigatfion systems somewhat redundant

Addressing thisis a key requirement to bring productionlevels upto those pre-land reformlevels, irrigationis
currenfly very limited for smaller farms

System size and customer targefing is complicated by the range of farm sizes and extent of utilization.
Smallholder farmers typicallyown 5 ha, significantlylarger than other African countries but farm as little as
30% in practice

Coolingis much
needed across value
chains to reduce loss
but stable offtake will

remain a challenge

Uptake of cold storage and productive use refrigerationis resfricted to large scale applications despite
opportunities toreduce produce losses at a small-scale

Taking dairy as an example, solar chillers would help improv e market access for smallholders, especially
by better ufilizing dormant Milk Collection Centers

Price drops and innov ationwould strengthen viability, but Zimbabwe's smallholders will need support to
improve aggregation systems and offtake arrangements

Small-scale
mechanized
processing is
uncommon - new solar
products will need to
be flexible and mobile

Most cereals consumed go through the process of husking, threshing and milling, >50% of processing is
carried out by hand, withtime and qualityimplications

Incumbent small-scale diesel equipment offers flexibility in terms of operatfional use and mobility to reach
remote customers, providing processing as a service

Commercial viability depends on farmer willingness to pay, incentives to switch frommanual approaches,
and the viable catchment area of stafic solar solutions

\/,) * WORLD BANK GROUP 13
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Insights and Findings (10/10)

Cote d’lvoire use cases

More abundant rainfall
reduces the demand
for pumped irigation -
opportunities existin
horticulture

The countfryhas over 1,300mm of annual rainfall, significantly higher than both Kenya and Zimbabwe,
thisreducesthe pressure for irrigafion across crop types

There is pofential fo expand the irrigated area, currently only 15% of the couniry’s 475,000 ha potentfial
land is under irrigation

Horticulture and fruits are viewed by suppliers as the highest potential in terms of product viability and
smallholder farmerreturns

There are several
strong use cases for
agro-processing
equipment - but
uptake is limited due to
affordability

There is significant agro-processing activity across staple and cash crops, withthe government seekingto
increase local processinginexport crops toretainvalue locally

High agro-processing activityis concentrated withinafew value chains, including: cassava, rice,cocoaq,
cashew, rubber and palm seeds

Off-grid small-scale innov ations offer potentialto further deceniralize processing acfivities to increase
incomes of small-scale actors, howev er upfront product costs limit commercial viability against well-
established diesel-incumbents

Cooling could reduce
losses across value
chains with fisheries

showing potential but

technology challenges

Cooling equipment could help reduce losses in fishery and horticulture where major post-harvestlosses are
registered, fish: 30-50% and fruit: 20-40%

In fisheries, bothinland and coastal fish fraders have strong incentives to investinimproved coolingto
increase the volume of fish sales by eliminating spoilage and capturing more v alue from fish throughout the
day

A key challengeis finding solar products that are appropriately-sized, affordable, and mobile — there are
currenlly no PULSE products specifically targeted to fish fraders

\/,) * WORLD BANK GROUP 14
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There are 8 areas in which governments, development partners, and private
sector can partner to help build the market for PULSE products

Demand generation/aggregation

Support to selected value chain aggregators

through TA and finance to extend PULSE products to
farmer groups

Access to finance

Patient capital, seed capital, working capital and
grants to support set-up, growth and scaling

Quality assurance

Develop minimum product standards, especiallyfor
emerging DC appliances and service levels for post-
sales support

Consumer education

Work with existing value chain actors and donors to
expand the awareness of solar product, focused on
emergent products

Technology & innovation

Technical assistance and investment to support
fechnology upgrading and skills fransfer

Business development support

Work alongside PULSE innovators to provide business
management, market entryand growth strategy
advice

Market intelligence

Develop detailed use cases across a range of
products, provide annual PULSE surveys and market
analysis

Policy development

Policy papers, research and lobbying to enhance
regulatory environment atinterface between off-grid
and agriculture

\/,) * WORLD BANK GROUP 15
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INTRODUCTION: WHY IS PULSE CRITICAL FOR
AGRICULTURE?

SECTION TWO




Off-grid solar (OGS) has grown rapidly over the last decade worldwide and still

has potential to grow further

Overview of global off-grid solar market

Since 2010, the growth of OGS sector globally hasbeen
significant, noting:

. By 2017, total sales value exceeded $3.9 billion

. Three product categories have emerged: (i) pico,
(i) plug-and-play SHS, and (iii) component-based
systems

. Household use of OGS is now moving beyond
lighting to communication, entertainment (e.g.
TVs), and refrigeration appliances

. Significant market entry and private sector
engagement from global firms

. Increasing interest and commitments from
investors; $500 millionraised inlast 2 years alone,
with increasingly commercial return expectations

. Growing acknowledgement and commitment of
resources by governments and development
pariners

Sources: World Bank Group. 2018. Lighting Global’s Off-Grid Solar Market Trends Report

Snapshot of potential market growth

The potential market in 2017 is estimated to
be 434 million households globally

By 2022, the market is expected to grow to
740 million households and a value of $8 billion

I:l W eak-grid - Off-grid

415 434 i 434 |

! Potential

: 73 upgraders

| Replacement-
163 208 | 45 ready

i users

i New

i 316 Purchasers

2010 Potential 2017 Potential 2017 Potential
Market Market Market
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For OGS, productive use represents the next frontier, providing enhanced
income-generating opportunities for off-grid households

From consumptive to productive use...

. To date, the off grid solar (OGS) sector has mostly
focused on pow ering household lighting and
appliancesin order to meet consumplive energy
needs

. OGS has significant potential for productive use
applications by individuals or micro-enterprises
which are off grid or hav e “bad-grid” connection

Early-stage off- Emergence of mini- Increasing

grid solar industry grids and first appliance range
appliances and availability
2008 - 2013 2014- 2016 2017 - beyond

Defining productive use leveraging solar energy (PULSE)...

« PULSEis definedin this study as:

“any agricultural, commercial, orindustrial activity that
uses solar energy as a direct input to the production of
goods or provision of services”

+  PULSE promotes socio-economic development by
enabling and/or increasing income generation

Sources: World Bank Group. 2018 Lighting Global's Off-Grid Solar Market Trends Reporf; Dalberg analysis. 2018.
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The demand for PULSE products arises across a range of scales, with either
standalone or mini-grid connected applications

Scale

Current
System
Size (W)

Components

User

Application

Example

Stand-alone or SHS-connected

DC
Micro
1-1,000W

Generation, storage, cell charger,
appliance

Individual user or micro-enterprise targeting
shared use

Separate from existing systems and
potentially needing to be i) mobile ii)
remote from the homestead/village

In some cases use could be combined with
existing SHS systems to utilize existing
generation capacity

Solar-powered irrigation systems or
smallholder small-scale milk chilling

Shared or mini-grid connected*

AC or DC
Mini
1,000-5,000W

Appliance and mini-grid connection

Individual users, micro and small enterprises

Most similar to conventional grid connected
productive use appliances, making PULSE most
relevant in DC product applications

Small enterprise maize or rice milling at a village
level

This study will focus on standalone product applications under 1kW, referred to for these purposes
as “micro-PULSE”. This aligns with Lighting Global’s past focus areas in the off-grid household solar

Source: Dalberg analysis. 2018.
Note: Utilizes IRENAterminology for Pico-grid (<1,000W), Nano-grid (<5,000W) and Micro & Mini-grids >5,000W).
Mini-grids can coverlarge individual farms, factories and minesin remote rural areas, with networked systems

() ¥. WORLD BANK GROUP 19
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Productive use leveraging solar energy (PULSE) cuts across diverse agricultural,
commercial, industrial, and social/public activities

AGRICULTURAL

Non-Exhaustive list of activities

INDUSTRIAL COMMERCIAL SOCIAL/PUBLIC
Irrigation Threshers Land Clothing Hairdressing Cooking Education
" preparation i
ey i ﬂu (|| gs a
i &6 s
Mills Drying Chilling Carpentry Restaurant/ Retail Health
— —— cafe cooling devices
& ” - 2
o 4 (%) iy m fa
Night fishing Cold Milking Constructio Cinema Phone Vaccine
o0 P charging storage
2t P - -2 )
- v as 4
Oil presses Egg Electric Electronic/ Transport Handcrafts ICT
Incubators fences auto repair [ B
¥ ‘ n > i =
4 X %I

Source: Dalberg analysis. 2018.
Note: Utilizes IRENAterminology for Pico-grid (<1,000W), Nano-grid (<5,000W) and Micro & Mini-grids >5,000W).
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The market for non-agriculture PULSE products is highly fragmented,
with organizations exploring appliances across sectors for diverse

uses

Suppliers

Typical applications

) BOSCH

INDUSTRIAL

Task lighting — Task lighting fo extend opening hours is the most predominant
use

Construction - Solar-powered applicationsinrural areas are limited by
standard construction practices

Carpeniry - Woodsaw applications are limited to larger scale mills running
from mini-grids

PHILIPS ...

mobisol *
COMMERCIAL : 1

= ~

BBOXX A
SELCO

M-KG) PAEEIIR

+ Retail refrigeration — oftensupplied for on-grid applications by drinks

producers, who could mov e off-grid

* Hairdressing- a range of solar charged hair clippers on the market —with

limitedscope to boost barberincomes

Texfiles- solar-powered sewing machines exist but are yet to displace
standard foot-powered machines

SOCIAL/PUBLIC WE CARE /OLAR

TRUE ENERGY

Medical - Applicationinmedicine are increasing, for example portable units
to power medical devicesremotelyorrefrigeration for vaccine distribution

Telecom-SHS providers are seeing solarmodems as a productive asset for
customerto boostincomes

Schools - Lights and other adapted household products

The fragmented nature of PULSE applications means there is no single sector of focus,
and therefore itis a difficult “space” to concentrate in

\;,) *. WORLD BANK GROUP 21
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Productive use is a critical requirement for agricultural
transformation

Agriculture is the single most dominant sector in rural economies, w here majority of off-grid
populations are living

Agricultural fransformation is high on government and donor agendas with afocus on value
addition, agro-processing, mechanization, reducing post-harvest losses, not justincreasing
production asin the past — this willrequire energy access

In the last three to five years, innovation in solar-adapted agricultural equipment has
increased but further domain knowledge is required to mov e the sector forward

PULSE in agriculture is an important growth segmentfor SHS/PAYG providers to expand market
and deepen customer relationships — 50-60% of their customers are smallholder farmers already
and they need them to grow theirrevenues

Agriculture has a unique set of impact mechanisms: creating multiplier effects on
incomes, consumer spending, and growthin the real economy — see next slide

\//) *. WORLD BANK GROUP 22
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For off-grid communities, which are overwhelmingly rural,
PULSE at the agricultural-energy nexus has unique potential for
impact

Improve food security: 26% of the SSA population above 15 years suffers fromfoodinsecurity. PULSE
solutions can help meet the growing demand for food through increasing production and productivityin
key value chains

Increase farm productivity: Most land in SSA is tilled, ploughed and weeded by human power (65%) and
animal power (25%). The use of machines could increase yields substantially by increasing efficiency up
to 5x or higher

® &

population. Additional opportunities can be created by facilitating access to energy, akey limiting

74 Create employment opportunities: Agriculture sustains the livelihood of more than 50% of the African
\ resource for productivity

Enhance resilience to shocks: PULSE products canreduce vulnerability to multiple shocks, by cushioning
farmers fromthe impact of climate change, fuel price v ariations, and fluctuations in market prices of
agricultural produce

Stimulate growth inreal economy: By increasing agricultural productivity, PULSE products stimulate socio-
economic dev elopment. UNEP estimates that, for every 10% increase in farmyield, there has been an
estimated 7% reductionin pov erty in Africa and more than 5% in Asia

N

Sources: FAO 2017; UN2015; UNEP 2012. . T
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If PULSE products for agriculture can be made widely available
and affordable, they can significantly increase yields and
farmer incomes

of crops are lost to weed infestation and

> .
30% poor land preparation Shifting from manual to mechanized? land

Expand 1.5 preparation could increase coverage and
to 8 ha. yields substantially — from 1.5 to 8 hectares

of Africa’s cultivated land isunder
6% imigation, leaving ~13 million irigable

hectares T . .
Drip imigation can increase farmer yields

Grow yields by 1x to 5x depending on crop and sail

Ix to 5x conditions
of produce is estimated to be wasted or
30-40% ost post-harvest in Sub-Saharan Africa,
representing US$ 1.2B — US$ 1.6B annually
Cutlosses Refrigeration in storage & fransportation
by 50% has potential to reduce total crop losses

. . o which currently go up to 50%
is the agriculture sector’s' contribution to

| 6% sub-Saharan Africa’s GDP, despite the
sector employing 50%+ of its population

Sources: FAO/UNIDO. 2008. “ Agricultural Mechanization in Africa”; Lianghzi, Ringler. 2010. International Food
Policy Research Institute. “Whatis the irigation potential for Africa2”; Best S..2014. “Growing Power: Exploring
energy needsin smallholder agriculture”; World Bank Dev elopment Indicators. 2018.

Note: 1) Includes agriculture, forestry, fishing. 2) Shift to using tractorpower
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7

STATE OF PLAY IN PULSE TODAY

SECTION THREE




Our study focuses on diverse PULSE use cases at

the agriculture-energy nexus

Production

(Near-farm)
processing

Storage and
tfransport

'cEs Sprayers (pesticide/fertilizer) Mills Freezers/Refrigerators
£
: g [rrigation pumps Driers |ce makers
=2
T>: 3 Tractors Cold rooms/coolers
g > . .
é Electric fences Siloes
)
Greenhouses
Animal feed mixer

» Eggincubators Butter makers Milk Chillers
@
-g 8 Cow milkers Maize threshers Fish freezers
c 0
3 5 Night fishing lights Cassava graters
oY
E 'g Fishing boats Coffee pulpers

o

(72

Sources: GIZ.2016. *Photovoltaics for productive use Applications”; World Bank. 2017. “The double dividend”; The Fish Site.
2014."Photovoltaic Applicationsin Aquaculture: APrimer”; Engineering for Change. 2017. “ A solar thermal aerator

Oil presses

profotype could improve aquaculfure in developing countries”; Vikaspedia. 2017. “Solar drying systems”.

Note: Cross v alue chain refers to products designed to work across sev eral agricultural crops/livestock groups.
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Within each product group, there is a diverse range of
technologies which have different system size

requirements
Irrigation Pumps Cooling/Drying Agro-processing
Surface water pumps Cooling systems Flour Milling
« Wattage: 75w -1.5kW + Wattage: 40-200W + Wattage: 500-750W
+ Suction head: <7m N + Capacity: Up to 45l + Capacity: 25-160kg/h
of milk/day
Refrigeration
Submersible pumps + Wattage: 40-400W Husking/Threshing/Hulling
+ Wattage: 0.45-22kW+ « Capacity: 50-400I

e Head:4-310m

+ Wattage: 100-375W &
* Rice Copoci’ry:35—70kg/k@

* Maize Capacity: 250kg/hi

Freezing/ice making
+ Wattage: 95W
« Capacity: 1.2kg/day

Grating
+ Wattage: 250W

Walk-in cooling units + Capacity: 100kg/hr

Other - Livestock - Wattage: 2kW+
== + Capacity: 9
tonnes+

Pouliry incubators
+ Wattage: 75w - 100W
« Capacity: 48-1000 egg:

Oil & nut presses
+ Wattage: 1.5kW
+ Capacity: 20kg/h &4

Fan cooling/drying
+ Wattage: <60W
+ Capacity: 25-100kg

Milk machines
+ Wattage: 1,1kW
* Head: 20 cows/day

Sources: GIZ.2016. *Photovoltaics for Productive Use Applications”; Dalberg analysisand inferviews. 2018.
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Some PULSE products relate to multiple agricultural value chains, while
others are specific to a single crop or animal

50W
Sprayers * 16— 200l
Siloes »2-6 tonnes
Driers * 10-100kgs

Freezers/Refrigerators

Cross-value chain products

Fan Cooling *25kg/day  Ice Makers

Capacity (Watts) 1.5kW+

IrrigationPumps  + 0 - 7m suction capacity
Mills/Threshers/Hullers = 25-160 kg/hr
» 40-60 horsepower Tractors

+ 501 - 400l + 10 -30 Miles Electric

Fences

+ 250 kg/day +1000L-23m?  Cold Rooms/Coolers

Egg Incubators *40-250 Eggs

Night Fishing Lights

Butter Makers * 15l

Value chain specific products

Maize Thresher 250 kg/hr

Coffee Pulpers *200-300 kg/hr +20kg/hr  Qil Presses

Cassava Grater * 100 kg/hr Cow Milkers * 10-25Cows

Fishing Boats

Key: The length of the boxes represents the powerrequirement for the
range of products in the relevant category

Sources: GIZ.2016. *Photovoltaics for productive use Applications”; World Bank. 2017. “The double dividend”; The Fish
Site. 2014. "Photovoltaic Applicationsin Aquaculture: APrimer”; Engineering for Change. 2017. “ Asolar thermal aerator
prototype could improve aquaculture in developing countries”; Vikaspedia.2017. *Solar drying systems”.
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We conducted a short survey of suppliers of productive use
appliances. Most firms have sold less than 10,000 PULSE units to
date

Companysize by units sold African countries in each firms’ top 5 by sales
(%), respondents = 49 Number of firms, respondents = 49
17
29%
|:| More than 100,000
13% [ 150,001 to 100,000 10 o
[ ]10,001 to 50,000 8
4%
[11.001 to 10,000 4 s
[ ]11to01,000
29% ‘
O O O O O O O
> = A =
25% c o 2 g ¢ B g
2 > o £ R S <
z (2 s C 2 c
) L O [a %4 oy
= )
O
Source:|IFC/Dalberg PULSE Survey 2018; Dalberg analysis «
Note: Participants= 150, respondents = 49, Response rate 33%; 43% international manufacturers, 10% specialist
solar distributors, 29% early stage PULSE firms, 18% solar home system firms. 40% CEQ/founders, 47% executive
team, 14% middle management B
" WORLD BANKGROUP 29
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As of today, PULSE suppliers are most focused on irrigation; in the future,
PULSE suppliers are looking at processing and cooling

Current PULSE productsin porifolio
Number of firms, respondents = 49

26 |:| PULSE as secondary business
|:| PULSE as core business
9 18
15 15
11 4 4 8 8 8
Y 11 11 —2 4 —2 > >
]
/ ¢ ] 1 e =1 Fo=2]
Solarwater Enterfainment Agro- Cooling / Heating Communications Small Liv estock Other
pumps processing refrigeration manufacturing related services
Planned PULSE productsin porifolio
Number of firms, respondents = 49
20 |:| PULSE as core business
16 15 14 [ ] PULSE as secondary business
10
12 1 11
11 . 7 g 8
10 8 8 4 4
7 _
5 4 4 3 3 4 =2
Communications Agro- Cooling / Small Heating Liv estock Solarwater Other Entertainment
processing refrigeration manufacturing related pumps services

Source: IFC/Dalberg PULSE Survey 2018; Dalberg analysis
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Despite growing activity and interest, only a few PULSE technologies are ready for
commercial scale in Africa and market maturity is limited

Irrigation Pumps ‘ Cooling & Agro-processing r
> 10 MT/day
. . . Typically applied as walk-in cooling, The mainexam ples that exist are
Large While technologies exists there are technologies are available at an mini-grid applications as like-for-like
limitedlarge scale applicationsin ;
ractice aggregated scgle, but uptake replacement of_gncl—bosed
P remains low processing
2-10 MT/day
Medi The m ajority of supplier distributors are Fewertechnologiesin this category The mainexam ples that exist are
edium targeting this scale and uptake is as providers are eitherlooking at mini-grid applications as like-for-like
reasonable depending on the large aggregatedsystemsorsmaller replacement of grid-based
geography individualsystems processing
1-2 MT/day
Small Technologies are well developed and Productive uses typical adapt Incum bent technologies exist but the
available but affordability and refrigerationintended for smallretail system size is prohibitive for
m arket development are barriers enterprise use, uptake islow standalone applications
<100L <1 MT/day
Very Recent product developm ent has . . -
small increased affordability, precedents Eroducﬁvg uses typical adapt There are llm_lfedsfcmdolone
L refrigerationintended for household technology choices and use cases
are emerginginsome markets and use and uptake islow are unproven
are starting toscale P P
Commercial readiness: High Mid - Low
Note: 1) MT - Metric Ton Gad WORLD BANK GROUP
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PULSE products face financial and operational barriers to converting customers
and switching away from incumbent technologies

Financial barriers

Affordability is the initial hurdle that
PULSE products face when
compared with incumbents

» Upfront costs — Across segments PULSE products are
(af least today) several times (1.5-4x) more expensive
than diesel/grid-powered incumbents. Smallholder
farmers have low disposable incomes, making them
more likely to favourless capital intensive optionsin
the short term

+ Access to finance - This is compounded by the limited
access to flexible and affordable credit to finance
PULSE products

Source: Dalberg analysis and interviews. 2018.

Operational barriers

Additional operational challenges
could further disincentivise switching to
PULSE products

Capacity/speed limitations — Lower peak processing
capacities may discourage investment as it
increases operational times and limitsrevenue
potential

Product availability — For some product types,
commercial players are only beginning to enter the
SSA market. As a result, availability of spare parts and
maintenance services is limited

Mobility — Batteries and solar panels can make
products less mobile compared to diesel products.
Often applicationsin agricultural value chains
require a product fo move to customers or market

Product confidence - Customers may lack
knowledge of solar appliances. Diesel products are
well known, and solar might be associated with
consumptive uses only
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PULSE products are being brought to market by a diverse
range of actors (1/2)

Use Case Distribution presence Firms State of play
Solar water pumps Xt SunCulturs
Kenva, Zimbabwe CRUNDED =S o Products are well establishedinthe SSA market
Cé’ré o’I’Ivoire Ni ério p———— J Typical products target smallholder farmers directly
Ghana Sierrc; gera . SRS an Suppliers frequently tie products with additional services e.g.
Leonné Tanzania ]W Solar business development support, and partner withactorsin
Molowi,’ BoTswom’], DAYLIFF the value chain . .
and majority African Yang{hun %’ﬁ Lkl);:iebg;(e)rg number of urban/ peri-urban independent
markets QFufure pump Operational capacities of solar matchincumbents
LORENTZ
Milling/ processing Solar Allcompanies in the market are new entrants, withonly one
Milling withset up operations
ﬁ\ Products have not been fully developedfor the SSA market
U1 ] ' Ken The current capacities of solar products vis avisincumbent
. 3 enya are toolow and not competitive
. T ] Current productsin the market are not mobile
P— Targeted at micro-processors and not smallholder farmers

directly

Pouliry incubators

Kenya, Zimbabwe,
South Africa,and
several others

Most incubatorsinSSA are grid or diesel-powered

A few suppliers are in the SSA market; distributors supply on
order

There are solutions designed for smallholder farmers , i.e. at
least ~100 eggs

Sources: Dalberg analysis and interviews. 2018; Company websites
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PULSE products are being brought to market by a diverse
range of actors (2/2)

Distribution q
Use Case presence Firms State of play
Milk chilling ) | There are a few established players targeting Smallholders
<y Suppliers mainly distribute products through aggregation,
. . e.g. dairy cooperatives; afew new entrants directly target
;/ncérrfeutssAfncon Smallholder farmers
SunDanzer Most quels inthe morke‘r are designed for higher
4 productionvolumesi.e., >50 L
Simply Solar Most modelsin the market are not mobile

Cold storage

Kenya, Rwanda,
Nigeria, South Africa

wakati
Services: business
development (aggregation
points), financing, leasing
space, joint ownership
models

There are a few new enfrantsinthe market

Supplierstendto operateintight and structured value
chains, e.g. horticulture for export

Products are designed to serve mid-tolarge-scale farmers
Target aggregators who serve smallholder farmers

Supplierstendto be heavilyinvolvedin providing support to
existing customers, e.g.demand aggregation

Various African
markets

4N
KASCADE

o

Services: Lease space out to
tradersinurban markets

54 SURIA INFINTI

Very few solutions dev eloped orlaunched in the SSA market

Productsin development are targeting small scale operators
inthe value chain e.g. ~200kg/ day

Sources: Dalberg analysis and interviews. 2018; Company websites
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There are a diverse range of actors bringing these products and services
to market, with varying levels of maturity

PULSE innovators

There are a bunch of
innov ating start-ups
lookingto scale. Either
at piloting stages or
withproven
technologiesinsingle
markets

A
A G S o L ImspiraFarms

Solar
Milling

RPFRESHE
Q Future pt ""T"' p
/) ENGOKHO

KUKUFARMER
:‘%ﬁ:
E 3

~akati

Sources: Dalberg analysis and interviews. 2018; Company websites

PULSE for Ag
multinationals

Established
international firms are
looking fo augment
exisfing product
ranges with PULSE
products targeting the
smaller use segments

LORENIZ"
oV

SN\
GRUNDFOS

embracon

SHS/PAYGO
leaders

SHS providers are
getftinginto PULSE
looking to adapt their
exisfing business
models fo PULSE while
strengthening farmer-
consumer incomes

M-KGD PAEEINNT

U BBOXX
4%
fenix intl
oEG
solar -
now

Not e: Portfolio distributors prov ide a range of products (product neutral)

Porifolio
distributors

Looking to distribute
PULSEto expand
ranges, but
quality/warranty is a
concern.The main
channel for Chinese
manufacturers
entering the segment

$ Simusolar

Phaesun

S &

/ 7.

lhe power to protect

G
LIGHTING_GLOBAL

Mini-grid
operators

Mini-grid firms are
actively promoting
productive use
appliances fo be
anchor users. Their
interestinDC provides
some synergieswith
PULSE

ergy

s S

e

. ll'
rafillk power
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Their unique characteristics means they are positioning in

different ways to provide PULSE solutions

Unique characteristics and PULSE positioning

. Some still require R&D and piloting support, while
PULSE others are ready toscale
innovators . Typically verticallyintegrated; oftensubsidized with

grant funding

Prime archetype example

AgSol s trying to build m arket for solar-
powered miling equipm ent, pilot testing
product and building awareness

. Could start moving to smaller scale PULSEapplications,
International but price point and quality are concerns

. Hav e the potential o scale quickly after market entry, if
manufacturers they can find the right distribution partners

Lorentzis planning tolaunch asmallerscale
solar water product and looking to partner
with SHS players in East Africa

. Can leverage their customer profiles and credit
SHS/PAYGO histories to target PULSEbuyers
leaders . Will needto adapt to longer term financing and more

complicatedtechnologies

FENIX International has the intentionto add
PULSE products, currently deciding whether
fo manufacture or buy to meet demand
from customers

. Have the best view of take-up vs non-solar
Porifolio alfernatives—up to 25% of salesin East Africa
distributors . Hav e traditionally focused on mid-size farms based

on limited affordability of Smallholder farmers

Davis & Shirtliffis an existing partner of PULSE
focused firms withsignificant distribution
networksready toleverage

. PULSEis incorporated at alargerscale, oftenas

Mini-grid anchor clients for mini-grids given consistency/level
operqi-ors of demand
. Ownership and operations can be tailored to boost

mini-grid operator incomes

Devergy'’s village scale mini-grids already
incorporate some water supply and milling
technologiesinto systems as anchor clients,
and are looking to bring prices down
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And based on their business models/core activities actors will face different
challenges when adapting to targeting small-scale PULSE

Business model Activities Implications for PULSE
Pre-sale Post-sale
Manufacture Financing Helping to build market and customer awareness
Assembly Installation Allow for better quality control, customer targeting
END-TO-END Distribution Customer service and support. The implications of poor product
INTEGRATION Customer acquisition Maintenance/repair use/malfunction are high
L But can create burdensome overhead costs that
Pre-sale support Control/monitoring . -
can reduce profitability
Sales/retail
Pre-sale Post-sale
Manufacture Financing Will have difficulty leveraging existing distribution
. without active agriculture sector partners
Assembly Installation i ]
HARDWARE Distribution Customer service Established players are looking to partner to
overcome customer awareness challenges
MANUFACTURER Customer acquisition Maintenance/repair . . . .
o Product design can be improved by working closely with
Pre-sale support Control/monitoring existingagriculturevaluechain actors
Sales/retail
Pre-sale Post-sale . . .. -
L - ; SHS providers are looking to join traditional
Manufacture Financing distributors in this PULSE sub-sector
DISTRIBUTION Assembly Installation The need for more hands-on customer service and
Distribution Customer service higher financing costs mean business models may
SPECIALIST Customer acquisition = Maintenance/repair need to adapt
Pre-sale support Control/monitoring May requireaddition collaboration with agriculture playersto
. ensure effective customer engagement
Sales/retail
Service provision: Full Partial =
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SunCulture is a pioneer in solar irrigation in Africa, with a vertically-integrated
model including R&D, finance, distribution, and after-sales

SunCulture is an innovative company that designs, manufactures, finances, and distributes solar

SunCulture

water pumps and micro-irrigation systems. They are growing rapidly from their HQ in East Africa

and are expanding to serve smallholder farmers across the region.

-l
La

Company Profile

Year founded: 2013
HQ location: Nairobi, Kenya

Markets Served:

* Has own distribution network in
Kenya

e Distribution partnerships in Uganda
and Zambia

* Aggressive plans for growth across
Africa

Employees: 76 full time employees +
54 field sales agents

Source: Dalberg analysis and interviews. 2018.

&,

Value Proposition

Leveraging renewable energy to enhance
agricultural productivity for smallholder
farmers:

Affordable solar-powered water pumps
and micro irrigation systems

First company in Africa to
commercialize solar irrigation

Farmers can achieve up to 200%
increase in yields with 80% less water

Productivity gains increase household
income, as well as time savings

Solar technology reduces CO2
emissions and limits usage of scarce
water resources

“ &
Products and Services

Provides end-to-end solutions to
smallholder farmers including soil and water
analysis, installation, and after-sales support.
Recently introduced Africa’s first Pay-as-you-
Grow model, to reduce upfront costs and
enable smallholder to purchase on credit.
Their Rainmaker2 with ClimateSmart
product is an all-in-one battery, charge
controller, and loT enabled control system
for productive use off-grid solar home
systems tailored to needs of SHF:

* 24V DC output to power high-efficiency
water pumps + 4 12V outputs + 2 5V DC
USB outputs

* 260W panel or 160W foldable panel

* 25.9V battery and controller

) *. WORLD BANKGROUP 38
HIGHTING SEQEAL

THE WORLD BANK  |EC



SunCulture’s initial years were focused on R&D and product testing; the launch of
its RainMaker product and Pay-as-you-Grow financing has now unlocked a larger
market

Company journey

* Began operations and * Research and development * RainMaker2 producttesting and
launched first prototype in * Prototyping launch (Jan 2019)
Kenya * In-field testing * Advanced its commercialization
* Grant/donor funding * Marketing and distribution testing strategy (including PAYG financing
® RainMaker 1 launchin 2017 options) & AgOptimized data

* Operations scaling across Africa
Experience bringing RainMaker to market

The RainMaker system is designed for off-grid rural households as a near-zero recurring cost replacement for diesel, electric, and manual water
pumps used for irrigation, livestock and household water supply. In bringing the product to market, SunCulture has invested sgnificantly in
distribution - both building its own network in Kenya and identifying key distribution partners across other markets

* RainMaker2 designed as a result of 2 years * Submersible pump with 70 meter (230) (i, RainMaker2
of intensive customer testing with feet) maximum pumping head e
smallholders * 50% peak wire-to-water efficiency

e Clear mar.ke.t need for a more affordable * Suitable for direct pumping to sprinkler
product fitting both agricultural and or drip irrigation systems

domestic needs * Upto 3,000 liters per hour with

* Eliminates costly recurring diesel fuel recommended SunCulture
costs for incumbent technology CimateSmartTM Solar Energy System
* PAYG model brings down upfront costs * 24V Brushless DC motor with 10-year
making product affordable to many lifetime
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SunCulture sees solar-powered irrigation as the first step for its customers on the
“productivity ladder”

* In Africa, there are approximately 70 million smallholder farms and
600 million people living in rural households
* SunCulture’s target farmers are small-scale (e.g. up to 5 hectares), Other productive
Target off-grid, and near an available water source assets
customers * RainMaker2 has a 70 meter maximum pumping head, so can
extract water at very low depths
* Irrigation is attractive for all crops, but farmers stand to benefit

most where crops are high value and water intensive Use water to increase
yield and incomes

Productivity ladder

. Irrigatiqn is one of the firsjc key stgps ina smaIIhoIde.ris Moving water
productivity toolkit alongside quality seeds and fertilizers

* While productive asset used for farming, some customers use
Customer the RainMaker2 for domestic use as well (e.g. washing)
needs * Customers require (i) simple plug-and-play product with limited
scope for malfunction / misuse (ii) adaptable, modular product
for different terrains and farm sizes and (jii) flexible and
affordable payment terms

An assessment of RainMaker2’s impact
indicates:
* Increase in productivity & income generation:
- 75% of customers said that their
productivity had increased since using
RainMaker2
- 23% net income increase (from a petrol

* Retail price of c.$970 is cheaper than alternative solutions (e.g., generator to RainMaker2)

diesel pumps) - however, many smallholders still cannot afford the - Produ'ction increases by 2-5x
upfront cost * Decrease in spend on water:

- Prior to purchasing RainMaker2, users
spent an average $6.62 average a week
acquiring water, now they spend $0.57
(91% decrease)

Financing * SunCulture provides flexible a financing structure for SHFs via the
Pay-As-You-Grow model
* The PAYG platform gives farmers access to affordable financing
and incremental payments

Source: Dalberg analysisand interviews. 2018.
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SunCulture has developed an end-to-end service model to respond to

market challenges and serve a rural customer base

Key challenges & solutions

CHALLENGES

* Sourcing quality inputs for portable

SOLUTIONS

To address sourcing constraints,
SunCulture switched to flatter and
lighter materials

Efficient supply chain logistics and
reliable partners in China

Remote monitoring

Increasedinvestment in R&D resulted
in more affordable product

Sales and Services Centers set upto
increase efficiency

GPS guided technicians in motorcycles
to optimize routes and reach customers
faster

Extensive training and education for
agents and farmers

Weather-forecasts senttofarmers to
help them increase efficiency

..g products
g- * Highlead times, managing cross-
- border duties efficiently
- * Reduce cost
é * Being closer to the customers
o
S
o
* Hightransportation costs for
installations and technical support
% * Low awareness of product and high
=~ dependency on farmers trusting the
< roduct
s p
* Initially tested loan pilot with local
ot bank
% * However, limited uptake as bank not
IE set up to finance these assets and

low awareness by officers

Source: Dalberganalysis and interviews. 2018.

Ran own consumer financing portfolio
to test product terms and refine
offering

Partnering with specialist lenders with
better understanding of market

Success Factors

Product innovation

v
v

Product testing and rapid prototyping

R&D hubin the field in close proximity to
farmers)

Focus on the smallholder farmer

v

v

v
v

Affordable pricing / Pay-as-you-Grow
financing

Sales agents from local area with farming
experience

Training at point of installation

After-sale service centers close to point of
use

Partnerships

v

v

Financingi.e. to provide asset finance
solutions for customers

Distribution partners with strong rural
networks e.g, agro-vets, hardware stores,
etc.

Technology e.g. SunCulture has partnered
with Microsoft for internet of things
functionality
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SunDanzer is a specialist solar refrigerator/freezer manufacturer; African Energy
is a pan-African distributor that sells their products

The two companies have been working in partnership for about a decade and have
together provided an estimated 3,000 solar products across 10 African countries

SunDanzer

HQ location & year founded: Nevada, USA, 1999

Markets Served: Products in 35-40 countries, Africa (45%),
North America (35%) and Latin America (>20%)

Estimated annual revenue: $10-15M (depending on project
cycles, projects represent 60-70% of sales)

Employees: 15-35in US, 1 in Ching, 1 in Kenya

HQ location & year founded: Arizona, USA, 2002

Markets Served: Presence in 40 countries and depoftsin 10
African countries

Estimated annual revenue: $10-12 Million

Employees: 7 in US, plus numerous independent in depots
across SSA

Product (%*) Specification Applications Product Specification Manufacturers

Walkin 40’ unit, « Household, Panels 85-335W, 12V Suntech

ERRIEs ] REUSAlEs); ’ Mgr?icol, Charge 6-100A; 12-48V Morningstar + others
* Miitary, . Controller

DC Fridges 50-225L, 114-198w,  * Commercial

(23%) 34-64kg (Micro-enterprises, Batteries 100-300A; 12V Deka, Surette/Rolls;

Farms, Medical

Clinics, Remote Inverters 20A, 0.4-1.2kW;

Imeon, Kisae,

DC Freezers 50-390L, 280-800W, Stores) Magnum,
(70%) 34-107kg
Lighting 0.5W; 12V Little Sun, Magnaray,
Milk chiller 105L (S10W @ 43C Fridges 50-225 L; SunDanzer
(5%) —no batteries)
SWP 0.7-1.2kW Grundfos, Sunpumps

*. WORLD BANK GROUP
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Founded by NASA's
Advanced
Technology
Refrigeration’s
project leader

NASA technology translated
into the world’s first battery-
free solar-powered
refrigerator, designed for
smalll, off-grid consumers

Product development - Initially SunDanzer did not target

SSA markets. Then starfing in 2010 SunDanzer supported
several donor funded projects to adapt it’'s fechnology
to SSA use cases. Notably in vaccine refrigeration and

more recently in milk chillers

Installation & transferable expertise - During previous
projects have gained delivery expertise including
training technicians, including the installation of over
1200 vaccine fridges in Tanzania. This has helped to
strengthening connections into regional technical
partner organizations

Staying targeted - Noting the potential of their products
to enable economic development, SunDanzer wish to
focus more on emerging markets and potentially
diversify product ranges through current projects and
collaboration with SHS suppliers

Sources: Dalberg analysis and interviews. 2018; Sundanzer website. 2018.

Continued to
develophigh
efficiency DC fridges
mainly for the north
American market

SunDanzer has spent the past eighteen years developing its range and testing
small-scale productive use applications for its products

In 2010, workedwiththe
Gates Foundation fo
develop abatteryfree
technologyfor vaccine
refrigerators, being 1/3 of
totalsalesby 2013

Following a partnership
with USAIDto develop
milk chillersand in 2017
won two Global LEAP
innov ation awards

Distribution experience with African Energy

In addition to it's donor-project contracts, SunDanzer maintains
relationships with several distributors in SSA.

African Energy has been a steady buyer for 10 years, a key
success factors is their open commercial terms, but reliable
payment and a strong dealer network. Credit is usually only
offered on major purchases, otherwise distributors self-finance.

Milk Chillers in Kenya with USAID

SunDanzer developed a small-scale portable chilling system
tailored for use in the Kenyan dairy market.

Several design innovations were used: bespoke sizing to
accommodate 5-10L milk cans, using thermal energy storage
to avoid the need for batteries and using brine water bags
used to rapidly chill the milk and limit bacteria growth

() " WORLD BANK GROUP
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African Energy is one of the largest solar distributorsin Africa — it has a growing PULSE
portfolio with cooling, freezing, and irrigation products

Africa Energy’s business model

* Product selection — African Energy (AE) distribute solar
products through a network of 600 dealers. A majorrole
for AE is the selection of quality products, using their
network to identify specific customer needs

» Dealer selection - Dealers are typically individual
entrepreneurs with pofential o grow into enterprises

» Dealer fraining — To recruit and train dealers AE runs up to
8 events each year with 40-60 participants. These cover
technical skills, manufacturer product displays, basic
marketing and financial training. About 50% of trainees
become dealers

+ Distribution & stock management - AE have 10 country
depots serving domestic and regional markets. Typically
a local agent anchors these establishments, assisting with
set up and inventory management. Each depot has on
average $250,000 of stock, allowing for quick response
tfimes, even for larger donor contracts

* Working capital —-All stock is self financed, since starting AE
have invested profits back into the company to grow. In
addition, AE have up to $1M of goodsin transit with
dealers, with 30-60 day payment ferms

» Customer sales & support— Dealers are responsible for
sourcing customers and all post-sales support

Sources: Dalberganalysis and interviews. 2018; Sundanzer welbsite. 2018.

PULSE product sales are increasing, in part due to falling
prices. But AE don't target the small-scale farmers, client
acquisition and customer finance is harder

Instead dealers typically target village groups, co-
operatives or NGO/public sector clients on a project basis.
Village-scale applications have been preferred as
boreholes/pumps tend to be shared by a community

However, this client mix can make demand volatile, AE’s
largest market was Nigeria, but recently donor spending has
increased in East Africa

AE have a hands-off approach to post-sale support, it is
more cost-effective for manufacturers to provide spare
component than warranties, repair services

Initially shipping costs were not affordable, but higher
volumes have allowed AE to freight by sea not air

Products are usually used for consumptive activities, with
productive opportunities being at a larger scale. AE is
working with SunDanzer to develop village level solutions,
including walk-in cold storage.

AE see the potential of targeting SunDanzer products to
farmers that have already purchased irrigation pumps,
higher productivity creating incentives to reduce loss

) ¥ WORLD BANKGROUP
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To scale, SunDanzer must adapt products further and diversify its relationships; African
Energy has wide reach but requires working capital

Manufacturer side: What are key constraints for
SunDanzer to take its products to scale?

1. Market readiness - solar refrigeration in dairy,
horticulture, fish cold chains is not well known. The
market is immature with little incumbency

2. Product development - there is a need to further
tailor products for new value chain applications.
SunDanzer is currently working with IFAD on a R&D
project in dairy, fisheries and horticulture

3. Flexibility - combine different uses in one product,
e.g. adding USB chargers to meet customer needs

4, Field serviceability — simple products needed, with
limited moving parts to make repairs easier for in-
country partners in remote supply-chains

5. Channel diversification — Outside project and
distributor sales channels, the firm wants to connect
with other actors e.g. SHS players. Have recruited
staff to get closer to Kenyan market

6. Product cost — To help optimize costs, SunDanzer
have already adjusted their supply chain with more
component sourcing/assembly in Europe & East
Africa,. But a significant driver of landed costsis the
tfax-freatment of productive-use appliances

Sources: Dalberg analysis and interviews. 2018; Sundanzer website. 2018.

Distributor side: What are key constraints for African
Energy to scale upits portfolio of PULSE productse

Few commercially-driven farmers - Many
smallholders are still in transitional stages from
subsistence to commercial farming. Demand is
mainly from donor-funded products, otherwise it is
difficult to find viable customers ready to purchase

Limited commercial viability - In addition tfo product
affordability, for many farmers the underlying
commercial viabilityis a challenge

Inconsistent taxation - PULSE products do not benefit
from fiscal incentives, despite being key agricultural
inputs. Import duties and VAT can reach up to 45%
while other ag equipment doesn’t

Working capital -In some places their $250k of stock
isnot enough but bank charges are too high local
bank interest rates are typically 18% or more. This is
becoming a constraint to AE's growth

Distributor financing - Also, AE have an average
annual debt (receivables) of $1-2 million. Default
rates are low, but despite this, affordable financing is
not available. AE only lend to dealers, not end-users,
this manages risks but does not solve for affordability
and consumer financing
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SUB-SAHARAN AFRICA: OPPORTUNITIES AND
CHALLENGES FOR PULSE

SECTION FOUR




Market sizing must account for smallholder farmer dynamics, grid access, and
affordability to reach the serviceable market

Market sizing approach

Smallholder Market structure Rural .gr.id A Serw:eqbl
farmer number or or physical electricity S
productionlevels constraints access

Market forecasts out to 2030 also factor in: production growth, commercialization, rural
electrificationrate,income increases, and anticipated product costs decreases

(@) . WORLD BANK GROUP
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We estimate the total SSA market for micro-PULSE to be $734M factoring in
affordability / ability to pay?!, and up to $11.3B without

2018 Sub-Saharan Africa market i 1
Micro-PULSE . .
applications Units Unit price Market value
é 5,398K $3,509 M Key:
$6507
Solar water pumps Addressable
(without
9 941K $1,529 M affordabllity)
$1,6253
Agro-processing
4 6,480 K $6,250 M
Cooling & $8254
refrigeration
$11,288M
Total

Source: Dalberg analysis. 2018.

Note: 1) Affordability here means ability of prospectiv e customerto pay on credit - further details on credit ferms are
set out onsslide 58. If assumption of access to credit is remov ed, only those who can afford upfront cost of product
would beincluded, therebyreducing market size significantly.2) Market leader price. 3) Av erage across smalkscale
processor types. 4) Av erage across 100L refrigerator prices.
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Across selected markets, there is a modest opportunity today, but more attractive

if affordability constraints are addressed

2018 country markets - - i
Micro-PULSE
applications KEN Market ZIM Market CIV Market
‘ $157 M $115M $56 M Key:
Solar irrigafion
pumps Addressable
------------------------------------------------------------------------------------- (without
9 $68 M $15M $65M affordability)
Agro-processing
i $125M $53 M $96 M
Cooling &
Refrigeration
$350M $183 $217 M
Total

Source: Dalberg analysis. 2018.
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Solar-powered irrigation: Irrigation presents a large market, but limited water

access and affordability are key constraints (1/2)

Sub-Saharan Africa market assumptions (2018)

a Rural Smallholder Non-subsistence
5 households households SHF
121M 95M 38M
Serviceable market waterfall
0 Smallholder farmers (millions)
g 37.99M  13.69M
s \
<
©
=
< 18.90M
- O e \
e
O
€
@
Q
S 4.70M
o T \
% 0.70M
¢ Total Grid No water Can't Afford  Serviceable
subsistence connected access market
100% -36% -50% -12% 2%

Source: Dalberganalysis. 2018.
Note: MT-Metric Tons of produce

Taking rural households as a starting point,
only 78% of these are engaged in small
holder farming, and of these 60% only grow
subsistence produce. This leaves a target
38M non-subsistence SHF

Access to arenewable water source is a
critical consideration when targeting
smallholder farmers with solar water pumps,
many will not have access to either 1)
localized year-round surface water or 2)
shallow accessible ground water. IFPRI
estimates this to be only 16% of total numbers

After affordability considerations, the total
serviceable share of smallholder farmers is
limited to 0.70M
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Solar-powered irrigation: Irrigation presents a large market, but limited water

access and affordability are key constraints (2/2)

Sub-Saharan Africa market size (2018-2030)

Serviceable market projection (2018-2030)

Pot ential number of units

32 K

701K
2018 2030
Productcost $650 -11% $577
(% whoé:ﬁ;?f'glrg 10% 51%
No. of customers = 0.70M 2.83M
Marketsize (§) $456M $1,633M

Source: Dalberg analysis. 2018.
Note: Market size v alues based on current prices.

The potential market for micro-PULSE
irrigation pumps could increase by up to
12.3% year on year given population
and demographic frends

There has already been considerable
effort toreduce product prices therefore
a conservative 11% reductionin product
cost has been assumed, which coupled
with increasing income willincrease
affordability
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Solar agro-processing: Affordability will limit the serviceable market, while larger
processors already aggregate other produce (1/2)

Crops

Serviceable market

Sub-Saharan Africa market assumptions (2018)

Cereals Total Smallholder
Pulses production production
Roots/Tubers 401M MT 120M MT
Serviceable market waterfall
MT of produce
120.45M  50.59M
,,,,,,,,,,,, ‘
18.32M
,,,,,,,,,,,, ‘
77777777777 48.60M
77777777777 2.95M
Total Large Grid Can't afford  Serviceable
processers connected Market
100% -42% -15% -40% 3%

Source: Dalberg analysis. 2018.
Note: MT-Metric Tons of produce.

Across crop types most relevant for agro-
processing over a quarter isin smallholder
farmer production systems. Both
producers or tfraders could be targeted
with PULSE products

A large proportion of produce s sold
directly to large-scale processors where
micro-PULSE interventions are not required

Due to the high current prices of agro-
processing equipment they are not
affordable to smallholder farmers or
micro-enterprises
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Solar agro-processing: Affordability will limit the serviceable market, while larger
processors already aggregate other produce (2/2)

Sub-Saharan Africa market size (2018-2030)

Serviceable market projection (2018-2030)
Potential number of units

@ Assumes a single unit can process on
257K average 55MT/year, based on typical
manufacturer specifications and use case
analyses
54 K
2018 2030

Prices of agro-processing equipment are

likely to come down if suppliers were able
to increase their scale and there is further
innov atfion in DC processing technologies

Productcost = $1425 -35% $1056

Affordability
(% who can afford) e 25%

Customers are mostly cooperatives and

No. of customers 54K 257K micro-enterprises - the products willremain
outside the affordable price range of most
smallholders

Marketsize ($) $87M $417M

Sourcte: Dolbe_rgonolyms. 2018. . \’/) * WORLD BANKGROUP
Note: Market size v alues based on current prices. LIGHTING GLOBAL THE woRD BAN JEC
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Cooling & refrigeration: Increasingly viable across a range of use cases but
product costs limit potential market size today

Key SSA market assumptions (2018)

a Dairy Total SHF SHF small-scale
() Fisheries Production production traders*
O Horticulture 160M MT 51M MT 21M
Serviceable market waterfall
Small-scale traders (Millions)
21.57M  11.48M
- \
()}
v
[
O
€
9 3.60M
.g ”””””” \
o 6.26M
(%) \
5
n 0.23M
Total Non-stored Grid Can't afford Serviceable
produce connected Market
100% -53% -17% -29% 1%

Source: Dalberg analysis. 2018.

Across produce types most relevant for
refrigeration and cold storage over a third is
traded through small-scale trade where
micro-PULSE solutions could be provided

A proportion of traders do not need direct
storage and produce is traded immediately,
across diary, fisheries and horticulture we find
this to be approximately 50% of their produce
reducing demand for units

Affordability again remains a constraint, for
this reason horticulture cold storage accounts
for 0% unit demand currently. The smallest
units targeting only larger aggregated
suppliers above the micro-PULSE scale

Note: MT-Metric Tons of produce; * 21M small-scale traders are involvedin trading the produce of smallholders. LIGHTING\’G LOBAL ) :ZSELLD?MBKA:‘;GROUP
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As incomes rise and costs decline, refrigeration solutions will become
viable for growing number of small-scale farmers

Sub-Saharan Africa market size (2018-2030)

Serviceable market projection (2018-2030)

Potential number of units
@ 1,550 K

225K
2018 2030
Product cost $825 -10% $743
Affordability
(% who can afford) 5% 0%
No. of customers 225K 1,550K
Market size (S) $191M $1,318M

Source: Dalberg analysis. 2018.
Note: Market size v alues based on current prices.

The micro-PULSE cooling and refrigeration
market will continue to be driven by
refrigerators rather than walk-in cold
storage sales out to 2030

The costs of units s likely to come down,
largely driven by technology
improvements, economies of scale and
supply chain efficiencies

Rising incomes will sharply increase the
number of smallholders who can afford
refrigerators
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Three main levers could reduce product costs: a) technology and efficiency improvements
b) increased economies of scale c) reductionin duties / tariffs

Component costs will
continue to reduce, and
system sizes optimized

Rapid decline in product costs was alarge driverin the uptake of solar home systems and LED
lighting solutions

For PULSE products, companies like SunCulture and FuturePump have already been able to
bring entry-level pump prices down from $1,000+ to under $600 with donor support

But the rate and extent of cost reduction will be limited by non-solar balance of system
components that have more static cost projections. Taking SunDanzer as an example,
refrigerator shells and compressors are relatively mature components

A fuller review of the drivers of price and costs of goods could identify more specific
opportunities here, but could vary significantly by PULSE product segment

Increasing distribution
scale will make supply
more efficient

Sales volumes are low across product segments and no segments yet benefit from fuller
economies of scale

Distributors rely on small scale purchasing from manufacturers, sometimes relying on air shipment
over seas shipment, or partial container shipments

Suppliers also struggle to find working capital to stock larger volumes

Component sourcing and supply chains can still be optimized for SSA markets

Rationalization of import
duties could bring down
end-consumer prices

Source: Dalberg analysis. 2018.

Finally, PULSE asset often don’t qualify for either solar fiscal incentives or agricultural fiscal
incentives, or fit in grey areas that are not evenly applied between jurisdictions or inspectors

While local manufacturing is possible and increasing, in the short term PULSE products and
components will continue to be imported

In some jurisdictions import duties are as high as 25%, for example Tanzania. A rationalization of
taxes could directly impact prices of productive use products
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Many target users cannot afford to purchase products upfront, for market sizing we have
made several assumptions on financing terms

15% perannum

» For consistency, an annual
interest rate of 15% is adopted
as standard across markets,
noting the potential for
significant v ariation even within
countries

“From experienceitisimportant that customers see
positive returns within 1-2 years, we might be
optimistic but this would make us confidentin
bringing in PULSE products” — Regional SHS player

Financing assumptions

36 months repayment

The availability of patient
capitalis limited, however

sev eral financiers said that
should PULSE products become
more commonplace within
proven commercialreturns, they
couldlend out to three years

For use cases we take amore
aggressive view that repayment
is needed withinan two year
period

15% of monthly incomes

We have used a 15% threshold
for the proportion of monthly
household income av ailable to
service debt

Post-inv estment this threshold
might increase given
incrementalincome from PULSE
use

Based on current product prices,
and typical financing
arrangements, a SWP requires
$28 monthinloanrepayments

“Typically foragricultural inputs we would expect
repayment under a year, if collateralis provided the
maximum we would lend to would be 3years” —
Zimbabwean Financial Service Provider

Incremental income is an additional consideration, tied to yield uplift and produce
type, which enhances anindividuals ability to repay after product purchase

Source: Dalberg analysis. 2018.
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Across SSA several constraints to scaling PULSE across exist, they are likely to need
a range of energy and agricultural expertise to unlock

Constraints that may need energy Constraints that may. need ag".CU"U’e
sector expertise to solve sector expertise to solve
5
= C Lack of precedents
Q
o o
D ‘Insuff|C|en’r.|r.1\{es’rmen’r‘ Capacity building of
in R&D activities/ quality of ‘ Distribution challenges F SHF/rural
% products microenterprises
ey G Limited tailored product
o design in PULSE use cases
5’, | Poormarket
H Limited post-sales support linkages for SHF
Lack of policy support
(o)) targeting PULSE
c
= Lack of co-ordination at
Q L. . . Country-level L. . .
O Limited financing for local PULSE Limited financing for
LE innovators users especially SHF
Severity of constraint: - High Medium Low

Note:SHFrefers to Smallholder farmers; VC refers to Value chain
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The most severe of these challenges are potential focus areas for interventions
and many require agriculture sector expertise (1/3)

Description & Gap Ease to unlock
Upfront investiment costs Althoughthere are downward frendsin solar
+  PULSEproducts are out of the affordability range of most SHF/rural microenterprises costs they might not be as sharp for PULSE

product, due to more established parts such
as pump impellors. Focusing on distribution
channel efficiency, tax/fiscal policies and
financing costs will be important

+ Evenwithinnovative funding models, payback periods for some use cases are long (more
than two years) making investment alow value propositionfor customers toinvestincases
where income benefit is only marginal

Focus: Agriculture Severity: _ Difficulty:

Limited financing for users, especially SHF Requires partnerships betweensuppliers,
+ SHFfinancing needs are dictated by existing obligations:school/education fees, milestone financialinstitutions, and in some cases value
life events (weddings), and purchases of other agricultural inputs chain actors, e.g. off-takers to de-risk farmers.

Some models, e.g. with SunCulture in Kenyaq,

+ Aswithagricultural equipment, there is a gap forlarger, longer life PULSE products which have shown promise and can be replicated

require largerloansizes, term lengths, and lower interest rates

« Existingfinancial service providers do not fully appraise the potential for significant
incrementalincome creation.In addition, asset-backed financing is not well established, in
part because confidence secondary/re-sale marketsislow

Focus: Both Agriand Energy Severity: _ Difficulty:

Disfribution challenges While thereis agap in connecting value
- Logistics chainsinmany places are not developed and demand not aggregatedenough o ¢hain actors, suppliers, and distributors, thisis
make nodal manufacturing and investmentin distribution viable in part because demand forsolar products

have not reached a critical mass.
Collaborationisincreasing, but acfivities are
mostly limited to peri-urban customers

+ Severalsuppliers haven't identifiedin-country and v alue chain partners and business models
to facilitate efficient and cost effective last mile distributionincluding the necessary
fraining/technical support given alongside sales

Evaluation: - High Medium Low
f. WORLD BANKGROUP
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The most severe of these challenges are potential focus areas for interventions

and many require agriculture sector expertise (2/3)

Descripfion & Gap
Focus Energy Severity

Limited financing for local PULSE innovators
+ Limitedlocal equity capital;bank loans are the main form of local financing but difficult to
secure because of high collateral requirements (especially difficult for start-ups)

+ Somelocalfirms are wary of international investment given business or proprietaryrisk, this
limits scaling product frials and expanding once proven

Ease to unlock
Difficulty

There is a gap in PULSEspecific credit
guarantees to banks, and other funding
mechanisms backed by bothlocal and
international investors. Infernational players
are entering the market but in some countries
connections withlocal players are less easy
than others

Focus Agriculture Severity _

Value chain siructure & aggregation points

+ Severaluse cases’ viabilityrequires aggregation of SHF output to be viable but unstructured
value chains make it difficult to reach a crifical mass of farmers. Conversely, where
aggregationis already standard practice, it can push the PULSEuse case above a pico-
scale, withsystems likely needing mini-grids

* Insome cases aggregationdoesn’'t make sense for SHF due to market dynamics (e.g. SHF
preferences of where to sell produce, pricingin different markefts, etc.)

In some cases aggregationis occurring which
pushes capacity/processing speeds above
pico-PULSEproducts.In other cases where
aggregationis needed for viability, either the
supplier or a third party needs rely on
behavior change/incentivesto aggregate,
which infroduces mobilization costs

Focus Both Agri and Energy Severity

Lack of precedenis (litle incumbency)

» There are PULSE-enabled value chain activities, where existing technologies have high
operating costs or fuel-access makes activities prohibitive

* So,despite underlying commercial viability many use cases do not have incumbent
technologies or currentlyhave verylow uptake

» This presents potential untapped opportunities for PULSE providers, but awarenessraising
and market development are required alongside products

Difficulty

PULSEprovidersneedtoinvest to highlight
commercial opportunities and sometimes
create market linkages to ensure viability.In
addition, this also means there may be
broader knowledge and business skills gaps,
especially forentrepreneurs that need to
adapt

Evaluation: - High Medium Low

Source: Dalberg analysis. 2018.
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The most severe of these challenges are potential focus areas for interventions

and many require agriculture sector expertise (3/3)

Descripfion & Gap

Focus Energy Severity

Limited tfailored product design in PULSE use cases

* Insome cases, existing products hav e not targeted small or micro segments predominantly
due tothelimited affordability for SHF and cost of technology

» There isalso a mismatch on scale and value chain targetfing, e.g. value chain activity may
require higher mobility or higher performance than the product is built for

Ease to unlock
Difficulty

SHFtargetedinnovationisincreasing and
component costs arereducing. However,
product design needs more practical
consideration in terms of value chain realities,
but this has cost implications for suppliers

Focus Energy Severity

Insufficient investment into R&D funding (quality of products)

» Sectorgrowthcouldbe slowedby alack of incentives forlarge manufacturerstoinvestin
micro-scale products, givenperceived small market size compared to other opportunities,
higher returnproducts, and limited manufacturing capacity

* Asaresult R&D is being carried out in a fragmented way by smaller firms withless experience
in manufacturing at scale

Difficulty

Difficult toincentivize large firms to take on
cost of R&D due to them having other
profitable markets and the threat of
competition of cheaper generic products
from Asia. Such products are still at the start of
product quality curves which could damage
long term PULSEreputationif unaddressed

Focus Both Agriand Energy Severity

Lack of policy support targeting PULSE
» Limitedpolicysupport for PULSE v ersus traditional approaches or energy sources

+  Some markets have reducedimport tariffs and taxes for solar panels, but benefits do not
extend to all PULSE equipment

»  For example, itis hard to differentiate at port betweensolar and non-solar enabled products,
especiallyif not packaged with panels. This is especially frue where a DC pump looks very
similarto an AC grid/diesel pump

Difficulty

Involves abroad range of stakeholders, with
certainpolicies based onregional
harmonization,e.g. ECOW AS. There can be
problems with the enforcement and
awareness of incentives/waivers.

Medium Low

Evaluation: - High

Source: Dalberg analysis. 2018.
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Let ters correspond t o annot ation on slide 60

Constraints are largely similar across PULSE product segments, but there is some

variation in the severity and therefore importance

PULSE use cases / product groups

Severity of constraint:

Irrigation

Cold storage Agro-

processing

Refrigeration

A | Upfrontinvestment costs*

M | Limited financing for users especially SHF

E | Distribution challenges

K | Limited financing for local PULSE innovators

B | VC structure & aggregation points*

Lack of precedents*

C
G | Limited tailored product design in PULSE use cases*
D

Insufficient investment in R&D activities / quality

J Lack of policy support targeting PULSE

H | Limited post-sales support

| Poor market linkages for SHF

L | Lack of co-ordination at country level programming

F Capacity building of SHF/microenterprises*

- High Medium Low

Source: Dalberg analysis. 2018.

Note:*Challengesshowing v ariability across product types are described in more detailon the next page
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Aside from costs, aggregation limitations, lack of precedents and product design
are the challenges that vary widely across use cases

Upfront investment
costs

Value chain structure &
aggregation points

Lack
of precedents

Limited tailored product
designin PULSE use
cases

Capacity building of
smallholders and
microenterprises

Source: Dalberganalysis. 2018.

Solar water pump product costs (c.$650) are lower when compared to other PULSE products. Several
cheaper small-scale refrigeration/chilling solutions are increasingly available (<$1,000). For both
there isroom forimprovement in upfront costs, but still less critical than for agro-processing ($1,500+)
and cold storage ($5,000+)

Solar water pumps are less dependent on specifics of a given value chain, though smallholder
access fo market is critical for smallholders to reap benefits from irrigation

While aggregationis needed for agro-processing, business models used by incumbent technologies
(such as service /rental models) already overcome these challenges.

In irrigation and agro-processing, diesel and grid-powered precedents are common, reducing the
need for market development/behavior change activities

For both cold storage and refrigeration (milk, fish and horticulture), there are limited incumbent
technologies, so more market development and awareness-raising is needed

Solar pumps are increasingly being tailored for the SHF scale, but most refrigeration products are
adapted from consumption use applications and could be better adapted to value chain needs
(e.q. size and mobility)

Many PULSE agro-processing products are still at an R&D stage, for those that exist there can be a
mismatch with the product capacity and needs on the ground

For irrigation and chilling, activities will be limited to product use training as product use is for
individual purposes, and less so when incumbent technologies are being used

In agro-processing and cold storage, as activities are typically offered as a service, additional
training may be needed on best business practices for new entrepreneurs
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KENYA MARKET DEEP DIVE

SECTION FIVE




Kenya is not fully utilizing its irrigation potential, but there are plans
to expand coverage significantly through public and private projects

Contribution of irrigated land to value of production

2.9M ha $2.8B

Irigated e 18.0%

Not irigated 93% 72.0%

Land area under Value of marketed crop
agriculture produce

Projected evolution of imrigation capacity by scheme typology

2010 I 2030 projection = 300%
O,
3 340% 300% Q
o
5 330 300 340
0
()
£
S 75 75
o 10
Private Smallscale Largescale

govt.projects govt.projects

Irigation needs in Kenya

Increasing irrigation supply is critical for
maximizing v alue in the agriculture sector

The need forirrigationis increasing, with a
decrease inlong rains by more than
100mm since the 1970s and a shiftin
rainfall patterns and annual distribution

Small holders farmers are the least resilient
to these climatic shocks and are already
losing out on commercial returns due to
low productivity

To address these challenges, the
government plans to increase land under
irrigation to ~1M ha by 2030

Alongside the larger government planned
schemes, solar water pumps will likely be a
key opportunity for the private sector to

step up supply

Sources: Ministry of Water and Irrigation. 2017. 3 mediumterm plan”; FAO. 2015. “Kenya Irigation market

brief”; FAO. 2018. “The benefits and risks of solar-powered irigation - a global ov erview”; Ngigi. 2010.

“Review ofirigation dev elopmentin Kenya; USAID - A climate trend analysis of Kenya”.
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Irrigation has the potential to boost production across major crops, ‘
though yield potential and water requirements vary significantly

Comparison of annual production, potential for yield increase, and water requirements

» Crops highlighted are a combination of crops with the highest
production volumes and commonly irrigated crops in the country

o 3,339,000 . Figures on potential yield increase are obtained from various
3 studies/desk research sources (see footnote)
§ 5 + Waterrequirement figures for each crop are Kenya specific
=]
< -3 1,335,883 1,288,588
o 775,994 728,160
8 647.342 473000 410,033
3 8
0] X
99
8 G 4x 4.5% 4x 4x 4x
O ¢ 2X
= = 2X 2X 1.6
0
[- ]
9 8,319
S )
35 4779
o 4,061 '
= E 2,703
g= 191 545 218 218 206 1065
Maize Potatoes Bananas  Cabbages Beans Kales Tea Tomatoes Rice Capsicum

Both the potential for yield increase and the water requirement of crops are important considerations
underpinning the commercial viability of use cases, especially in small-scale applications

Sources: 1) FAOSTAT, 2)2030 W ater Resources Group. 2016. “Agricultural and irrigation opportunity in Kenya, 2016; Various desk —

research sources”; 3) Mekonnen, M.M. and Hoekstra, A.Y.2010. “The green, blue and grey w ater footprint of crops and derived ‘I\/‘) * WORLD BANK GROUP 66
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Diesel pumps are well established in the market for large
scale farms; uptake at micro level is low for both diesel and

solar
Mid-scale applications
o3
2
S >
T =
°8
=
g9
Q
2
- Grid/Diesel Solar
o
Q
A
o0
873 >5ha  2-5ha
« Limifted large scale applications for
solar at >5ha

>

R

o

k)

D

S

D2

Several suppliers are working to improve uptake inthe micro segment, e.g. through partnering with

Small-scale applications

1-2ha
Grid/Diesel Solar
High Medium

Technologies are available from a
range of suppliers, some are
innovating to provide both small
and micro product ranges

Solar sales are driven by distance
from grid and awareness of long-
term cost savings. Solar sales
account forup to 25% of pump
sales of leading suppliers

Very small-scale applications

Grid/Diesel

Suppliers operating at thislevel are
beginning to scale following improved
affordability. Scaling through distributors
or direct sales (>1000 unitsin the last

year)

Largely include surface pumps and
submersible shallow well pumps. Costs
are coming down rapidly, in part due to
innovationsin DC pump technology

financial institutions to lend to farmers, or providing credit themselves

Source: Dalberganalysisand interviews. 2018.
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Two innovators are already targeting the micro segment, while

two established players are moving downstream into the ‘

segment

Organization Stage PULSE products & services Outlook

Future Pump Product: Sunflower2, DC Surface Pump for | Partners with other solar distributors e.g.
farms less than 1 acre, ém head, $650 SolarNow to reduce operational costs of

Integrated supplying to multiple markets

Q Future pury Services: B2B with Davis and Shirtliff as
main distributor Focus on micro segment (<1ha)

Davis & Shirtliff : ;

i Moving heavily towards solar and
Product.. D|sTr|puTes arange of DC pump marketing strongly due fo large demand
D&S brands including FuturePump for solar products
Distributor

Serw.ces_: Cash sales only, remote Do not offer financing, unlikely to depart
moniforing of pumps from current model

suncultore Product: RainMaker, 100m head DC pum Developing a pump with higher capacity

. ! ’ PUMP | based on modularization. Are lower cost
o with, backup battery, $500 .
_ - Integrated than most competitors

sunculture
Services: Pay as You Go in-house credit Using PAYG fo enhance uptake

Lorentz .
Product: Developing a micro scale DC solar Con‘rmuqusly ho\(e new pr.od'ucfrs ood

could quickly build on their distribution

pump to target SHFs networks to expand

LORENTZ Manufacturer

Services: Have an accredited distributor
system, generally have a hands-off
approach

Increasing focus from R&D to installations
and sales, want to serve SHFs but wary of
repayment

Source: Dalberg analysis and inferviews. 2018; Company w ebsites

Not e: Size = annual turnover
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More broadly, Kenya has a range of suppliers providing solar

pumps, many of whom are increasingly serving farmers at a

smaller scale

solar
now

- p%// Ll
(- -
Solar \\-3/ =
product
distributors
(some offer non-
solar products

Provide several types of
solar products, including
SHS, business solutions and
irrigation pumps

IRRICO

TR T IR AT O AY .

Offers a range of solar
products including solar
pumps

Provides large and small scale
irrigation systems. Also offers a
broad range of agri-support

@ ELGON KENYA

Provides irrigation system
design and installation,
maintenance & consultancy
for both solar and diesel
pumps

Provides human-powered
(treadle) pumps, building a
solar prototype due to
demand from customers

In addition to pumps, supply

as well) services including input seed, Ogro—chemlpols, and
L packaging materials
supply, and training
g I " Supplies a range of solar-
. Provide pumps along wit powered solutions including
FlneTOllehlzl Comp”meﬂTOr)k/ equipmen‘r O puUMpPSs, ||gh‘[|ng, and solar-
e.g. water fanks, wind hybrid solutions
greenhouses efc. Suntech
Some distributors mentioned above and on the previous page are also manufacturers. In addition to Lorentz,
other manufacturers whose pumps are distributed in the market (through local partners) include:

Other A o ®
manufacturer > \ \ ) j iﬁ
brands in the KOHLERG _A, KOSHIN ()/\ < ”Ah GDO\G Jai\ﬁfrigamﬂsystems Ltd

market GRUNDFOS '

Small Ideas, Big Revolutions.®

<
E 4 ® BRIGGS&STRATTON |
~nesomgoie MARQUIST CS&™ DaiSun.

L

[i
Il
[

Source: Companywebsites
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LIGHTING GLOBAL

* WORLD BANK GROUP
R

69



Horticulture is already an active sector for these providers, with
potential to expand further and boost incomes for up to 2M ‘
farmers

Horticulture - Overview

M * Kenya's horticulture production is 8 million MT per

year, with 1.5% annual growth over 5 years, and
>720 ha under production

+ Total production fromthe sector was valued at
$3B in 2017, with exports at $1.1B

+ Kenyais a netexporter of horticultural produce,
80% exporting the bulk of it's produce to the EU.
Exporters mostly outsource from certified small-
scale out growers

* Leading crops for domestic market are potatoes,
tomatoes, kale, cabbages, bananas

*+ Frenchbeans, snow peas, avocadoes, sugar
snaps & mangoes dominate exports

e  Highmarketdemand locally and internationally
provides an opportunity to boostincomes and

production viairrigation

Sources: Match Maker Associates. 2017. "“Mapping of production of fruits and vegetables in Kenya”; Keny a National
Bureau of Standards. 2017.

Note: 1) MT-Metric Ton = ) _ awnovanonor
\& WORLD BANKGROUP
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In horticulture, various PULSE products could add value by increasing
production, enhancing quality, and reducing post harvest losses

Power capacity of
sample products

Current small

PULSE opportunity

scale activity

@ WATER PUMPS AND

0.45-22kW

Production

TRACTORS

Pumps toirrigate produce
Tractorstoincrease
efficiency by powering
planters, sprayers and
combine harvesters

30-45kW

SHFs use both labour and
land intensive practices

Grow a variety of crops
depending on season and
market prices

Women heavily involvedin
production & industrial
farms

Transportation &
Storage

@ COLD STORAGE

Cold storage facilities to
reduce spoilage at farm/
first collection point

Cold chain fransport to
reduce spoilage in transit

Spoilageis~10-30%
depending on value chain

1-10kW 1-5kW
May transport to
markets using public
tfransport, or produce is
collected at the
farmgate by brokers

Little use of cold
storage, where
availableit is facilitated
by off-takers

Sources: Dalberg inferviews. 2018’ GIZ. 2016. “Photovoltaics for productive use applications”;
Note: Women provide ~80% of the French bean industry labour

®

Transformation

DRIERS AND SMALL
PROCESSORS

» Drierstoconvert produce
into higher value dried forms

« Solar-poweredjuicing/
pulping processors

a»“’

100-200W

G
LIGHTING _GLOBAL

Distribution & Retail

{ “} REFRIGERATION

Commercial
refrigerationunitsto
allowvendorsinremote
areas tostock products
for longer periods

40-400W

Traders sell in local
markets, off-takers sell to
super-markets and some
export

3% of locally sold produce
is sold in supermarkets the
rest is through local
markets (mostly women)

WORLD BANKGROUP
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Irrigation has high potential to increase incomes and food security; ‘
however, water access and technical capacity could hinder uptake

What are the incentives to invest?

There are four interrelated incentives to invest:

* Increasing total incomes by having higher yields
and sales perhectare

» Providing flexibility to produce out of peak season
to capture higher market prices, boosting overall
yields and having higher volumes to sell

* Improving certainty of income and resilience to
cushion against climate fluctuations

» For those currently irrigating (a minority of SHFs),
reduce operational costs of diesel pumps or time-
burden of manual labour

“The pump allowed me to extend the growing
season so instead of just growing vegetables
when it rains| also plant when it's dry when | can
make more money" — horticulture farmer

Source: Stakeholder interviews

What constraints are there to uptake?

Upfront costs

Require access to
ground or surface
water

Technical
capacity

At ~$670, the cost of a solar pump
is 1.5x or higher than that of diesel.
Additionally, costs of additional
equipment

like pipes, water tanks, and
boreholes (regardless of pump
type) can increase upfront costs by
~$600 or more

A prerequisite of pump viability is
having a consistent supply of
source water, either close proximity
to surface water or groundwater at
areasonable depth

In order to encourage uptake,
there is a need for upfront market
creation (pre-sale and post-sale
support). Farmers need training to
understand the best irrigation
practices, how to operate the
system, etc.

\//) *. WORLD BANK GROUP 72
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To explore this further, four typical crops can be used to showcase ‘
the range of potential yield uplifts and motivations for irrigation

Yield uplifts and market value across crop varieties

Capsicum - less common,
exotic and higher value crop;
sell slower than more common
vegetables like tomatoes and
kales in local market, usually
grown by farmers who have
already secured a market with
a bulk trader

Maize - lower market value
but key for food security; in
drier regions where food
security is a major concern
maize is irigated to ensure
food availability. In these
areas, irigation facilitates
higher yields and production
during more than one season

Tomatoes — one of the most
common vegetables consumed
locally; offers guaranteed market
and high market value

Kales — one of the most common
vegetables consumed locally;
guaranteed market but lower
market value than tomatoes and a
higher percentage of production is
consumed at home

Market value ($/MT)
1,400 -
Capsicum
1,200 - \
1,000 -
800 7 Tomatoes
600 - E.
400 ___Maize
200 - ‘_.-‘\
Kales
O | | | | |
0.5

|
10 15 20 25 30 35 40 45 s50x Yield uplift

» All crops are sold locally and easy to market without having linkages to formal off-takers

* Value is higher inthe drier season due to scarcity*, there is strong incentive toirrigate at this time
* Yield uplifts vary, in Kenya farmers reported 200% or higher for vegetables and only 50% for maize.

Sources: 2030 W ater Resources Group. 2016. *Agricultural and irrigation opportunity in Kenya”; Dalberg analysis and

interviews. 2018.

() *. WORLD BANK GROUP
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Annual returns from irrigation are affected by crop value,

commercial sales vs domestic use, and price fluctuations in the dry ‘
season

Impact of imigation on annual revenue per acre by crop! (assumes each crop is grown on an acre)
Figures in $. Revenue figures assume two seasons for each crop peryear

+ $1100/MT
» Prices higherin dry
season by ~115%

Without irrigation With irrigation . $547/MT . 70% of production sold
Kales are lower value than maize but pay back faster due : sPengse;nhlt?yf]r (l)rz)gry gggros;)cepnblmy e
to higher yield uplift and higher percentage of crop sold 70% of production [ssold

1 (high susceptibility to

{ \ spoilage)
o $347/MT o $240/MT
» Prices higherin dry » Prices higherin dry

season by ~10%?2 season by ~20%
* 42% of production is * 70% of production issold +100.0%

sold, 58% is consumed the rest is consumed U/

‘ ! +100.0%
16,940
15,006
2,217
89 147 1,232
Maize Kales Tomatoes Capsicum

Note: even when conservative estimates for realized yield uplifts are used, irigation still significantly boosts income

Sources: FAOSTAT. 2018; FAO. 2015. "The economic lives of smallholder farmers”; Dalberg analysis and interview s. 2018.
Note: 1) FAO estimates the average land size by smallholders in Kenyato be 0.47 hectares (~1 acre) 2) Assumes tw o \ ) ¥ WORLD BANKGROUP 74
seasons as most farmers w ithincentive toirrigate are inareas that grow in2 seasons. 3) MT - Metric Ton LIGHTING GLOBAL THE WORLD BANK | EC



The upfront cost of a solar pump is 1.6x that of diesel-
powered alternatives, but can have lower whole life costs ‘
after a single year

Five-year cumuldative costs across a basket of crops produced on 1 acre!

Figuresin $
7,000 A
Solarcan break even against diesel
alternatives within a first two-season . .
6,000 1 year. Noting it could take several With diesel pump
seasons for farmers to reap the full
5,000 - benefits of irrigation as they adjust to

the technology and adjust irrigation
practices
4,000

With solar pump

3,000

2,000

1.000

O T T T T 1
Year 1 Year 2 Year 3 Year 4 Year 5

Key assumptions

Product costs: $670 for solar and $400 for diesel * Maintenance cost: $67/year (solar), $100/year (diesel)
« Additional costs i.e. shallow well, tank, and pipes: $620 » Fuel costs: Fuel costs:$1.2/L;2.5 L/day

Sources: FAOSTAT. 2018; Dalberg analysis and inferviews. 2018.
Note: 1) Basket of crops includes maize, kales, tomatoes and capsicum, and assumes 0.25 acres for each crop 2) Gaad
Maintenance costs for solar assumed to be 10% of upfront asset cost covering ad-hoc repair, systemcleaning etc. LIGHTI NG\\’G LOBAL
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Solar outstrips diesel across crop values, however for low value
crops or cases of high domestic consumption pumps payback more ‘

slowly

Most farmers grow a mix of crops depending on the season, for both consumption and sale. Solar is only marginally
more beneficial than diesel when high value crops are grown; the higher revenues cushion against fuel costs

Five-year cumulative free cash flows for solar and diesel across a basket of crops produced on 1 acre

Figuresin $

Maize* and kales (each on 2 an acre)

Maize (s acre), kales (Vs acre), tomatoes (/2 acre)

4,000 - . 40,000 - .
,With solar With solar
3,500 A . 35,000 - . .
Without With diesel
3,000 7 pump 30,000 A
2,500 1 25,000 -
2,000 - Without
20,000 - um
1,500 1 Withdiesel pump
1,000 - ’
500 A 10,000 1
0 +—= 5,000 4|
-500 J 0
Year 1 Year 2 Year 3 Year 4 Year 5 Year 1 Year 2 Year 3 Year 4 Year 5
PAYBACK Solar: 23 months Solar: 3 months
PERIOD Diesel: 52 months Diesel: 2 months
Key assumptfions:

* Product costs: $670 (solar) and $400 (diesel) with financing
of 18% per year over 2Y, and after 20% is paid upfront

» Additional costs i.e. shallow well, tank, and pipes: $620

Source: Dalberg analysis and interviews.2018.
Note: 1) MT - Metric Ton

Maintenance cost: $67/year (solar), $100/year (diesel)
Fuel costs: Fuel costs: $1.2/L; 2.5 L/day
Crop value: maize ($347) kales ($240/MT), tomatoes ($547/MT)

() * WORLD BANK GROUP 76
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The commercial viability and use cases of micro-irrigation
are clear, but further measures are needed to accelerate ‘
uptake

z
L
I
O w
Z<
ez O
5w Select farmers based on potential . Pre-sale support to help identify
9 E horticulture offtake Select suitable scale of water pump irrigation and technical needs
N
o O
O
[
(@)
<
(15
. Farmers suooling off-takers have + Farm assessments to determine
uoron’reelzlpn}/\crgke’r access CERRPACE PUIMP 1HRe e *  Workshops, trainings, and
2 SURMENT DEEE! on Imeinom demons’rFr)ol’rions TOgbLIJ”d roduct
+ They are therefore more likely to needs — this would help avoid P
. . X awareness and competency on
invest as income is assured unnecessary costs that could R R
increase bavback periods operational requirements have
% « Itis also easier for them to secure pay P proven beneficial in the market
- financing (through the off-taker + Some suppliers are starting to .
< ! > L . -~ . Pre-sale support by suppliers can
=z or financial institution) look info providing systems with .
yield stronger results when
< modular capabilities to enable : - .
< + For formers currently not starting small and expanding occqmpomgd by a financier to
& supplying to a guaranteed off- provide capital and an off-taker

land under irrigation — farmers
often start by irrigating a small
portion and gradually increase it
as their incomes grow

taker, suppliers may need to be
involved in helping farmers
secure market

to guarantee purchase of the
produce

Source: Dalberg analysis and interviews. 2018. —~
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KENYA MARKET DEEP DIVE

COOLING (DAIRY USE CASE)



Post-harvest losses cost the Kenyan economy $1.5 billion annually; a &
large proportion of this could be avoided with more cooling uptake

Cold storage needs in Kenya

* Post harvest losses are ~20% of production, a
large proportion due to lack of proper storage &
tfransportation

* Demand for cold storage is highest in certain
value chains:

o  Horticulture; e.g. ~10% losses in tomatoes ($
20M in 2017); 20-30% in potatoes ($ 197M in
2017)

o Dairy; 7-33% losses depending onlevel of
formalization in the value chain (~$ 120M lost
in2017)

o  Fish; 31% losses but often overlooked due to
lower contribution fo the economy (<0.3 GDP
contribution,. compared to e.g. 7% for dairy)

+ Demandis largely unmet as cold storage is
mostly limited to high value, export value chains,
and formal retail markets in urban centers who
use grid power

Existing models of cold storage supply for agriculture

Cold storage equipment supplier

Sells to aggregator

(dominant model)

Aggregator

Common model: aggregator
purchases produce and keeps it
cool before selling/processing

Common in horticulture, dairy
and fresh meat value chains

Emerging model: aggregator
purchases cold storage facility
and leases space out to the
farmer for a fee

Sells or leases to farmer

(nascent model)

Farmer/retailer

« Supplier owns facility and leases
space out to a retailer/farmer for
a fee

» Sales of standalone equipment
arerare due to cost, and in
horticulture, produce is too bulky
forsmall products

e In fish value chain, vendors sell
ice to fishermen/traders

Cold storage and refrigeration suppliers focus on aggregators and formal value chains, reflecting

the challenges of single ownership models for smallholder farmers

Sources: Kenya National Bureau of Standards. 2018; International Food Policy Research Institute. 2018. *Post Harvest losses in

fruits and vegetables”; Dalberg analysis and inferviews.2018.
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Incumbent grid solutions have limited uptake, and the range of
small and micro scale solar cooling solutions are still at pilot stage

Typical products &
capacity

Degree of
uptake

State of play

Grid

Medium

Co-ops and processors chill using
grid (& diesel backup)

Solar providers build customized
walk-in cold rooms and have done
so for some dairy customers in
Kenya, but their sales are largely in
horticulture

Others are conducting pilotfs with
aggregators, beginning sales in
2018

Source: Dalberg analysis and interviews. 2018.

201 - 2000 L

Grid Solar

Medium

Are usually standalone units as
opposed to cold storage walk-in
unifs that can hold numerous smaller
containers

New entrants are providing small-
scale grid-powered solutions for
smaller aggregation points and
transport

However, there is a gap in solar
options in the 200-1000L range

Grid

Medium

Some solar solutions are currently
being piloted in Kenya, several are
available for retail. Standalone DC
fridges are the most common of
these

On average the smallest solutions
hold ~50L; smallholders at the lower
end may need to aggregate for
financial viability

£)
\\/\) AL SANR OROUF
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Multiple actors distribute standalone solar cooling equipment;
those with larger walk-in cold rooms are mostly focused on grid

solutions

Standalone
fridges and
freezers

Go-solar
systems Ltd

TODAY'S RENEWAOLE ENERGY

CHIORIDE 2l :‘[‘.[Zl"‘fl%
EXIDE f
BARNTERY
@ N
i Solagean
= Pocern
g Suw' 7

WRBLLES

Distribute small- and micro-scale solar fridges and
freezers

Most common brand supplied is SunDanzer; others
include Minus 40, Beier, and Phocos

Common uses by clients are for home, small-scale retail,
and hospital use in rural areas

None of the suppliers focuses solely on cold storage, they
also provide a range of solar products, including backup
batteries, water heaters, charge controllers, and lighting
systems

Cold storage /
rooms

Source: Company w ebsites

g HOIST

SNOW DESERT (EA)
. LIMITED

THERM®TE

limit

Q

Hoist Refrigeration provide Non-solar, standalone milk
ATMs and dispensing machines that keep milk chilled.
They also provide installation of grid-powered cold rooms

Provides installation and maintenance services for
domestic, commercial, industrial air conditioning and
refrigeration solutions (chillers, cold rooms)

Currently provide grid solutions but have capability to do
solar installations upon request

Thermoteq also provides ice block and ice cube making
machines

T. WORLD BANKGROUP
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However, several solar cooling suppliers are working with
aggregators and are gaining traction quickly, targeting horticulture

and dairy

Organization Size Stage PULSE products & services Outlook
InspiraFarms Product: Cold storage walk-in units, 30 Target aggregators in horticulture, de-
up to 1600 m3, $ varies considerably prioritized dairy (as Kenya lacks
S];;nl‘rs Integrated with size premium quality payments)
Services: Custom facility design and Addressing financing challenges for
development customers by lending directly
SunDanzer >10K Increasingly working with development
Units Product: Freezers/fridges, <200L, ~$700+ partners to support smallholder farmers
sold/ Manufacturer and fraders
ear Services: Sell household, medical,
Y commercial & military products Piloted solar milk coolerin Kenya with
USAID and GIZ
FreshBox Product: Cold storage walk in units, 9 Looking to move to rural areas as losses
- ~ 3 i .
éir;” in Integrated (Pilof) m3 - 90 m3, ~$4500-$13000 are higher here
Services: Lease space oufto fradersin  Currently using grid solution and
urban markets piloting a solar version for rural areas
Solar Freeze ) . ) )
Product: Mobile cold room (walk-in Using a full supply chain approach to
1 unitin units), 26m3, ~$15,000, in testing phase help traders get produce to market
ilot Infegrated
P E.g. to support milk dispensing ATMs for

Services: Lease space out to
farmers/traders

storage and sales

Sources: Dalberg analysis and interviews.2018; Company w ebsites. 2018.
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At micro scale, certain demand and supply side factors g
currently make dairy use cases more compelling than

horticulture

Supply side considerations

. Cold storage for horticulture is currently focused on
aggregators — suppliers design equipment for
horticulture cold storage at a scale that largely targets
off-takers

. This equipment ranges from between $20,000 and
$30,000, well beyond the income of smallholders

. Additionally, the powerrequired of existing equipment
in the market ranges from 4K to 10kW +. This is above the
1,000W threshold in consideration for products suitable
for smallholder farmers in this study

Demand side considerations

Fruits and vegetables at farmer level require a high
volume product at once (right after harvest), whereas
milk and fish are produced and traded in small daily
volumes, all year round

In horticulture, a small fidge may make sense for a smaill-
scale trader operating at small volumes daily, but traders
have less incentive to invest as they buy and sell daily,
and can conftrol spoilage based on ripeness of produce
they buy

Overall, the value proposition for cold storage for
horticulture is higher for a farmer than a trader - the
farmer is more susceptible to price fluctuations, usually
hasless bargaining power, and incurs higher losses in
case of weather issues as they hold produce in the
highest volumes

Current cold storage equipment designed for individual and micro-/small-scale use is unsuitable for
horticulture farmers as their produce is bulky and it all requires to be stored at once

Sources: Dalberg analysis and interviews.2018.
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PULSE products could impact 1M dairy smallholders and g
boost rural incomes, support domestic production, and
reduce spoilage

Dairy - Overview

4.3M Number of dairy cattle
+ Domestic demandisstrong, with 122liters
consumed per capita annually
*  National milk productionis 3.43 billion liters with 90%
800K -1M Number of smallholders sourced from smallholderfarmers
*  Making dairy a major income earner for rural
communities
+  Consumption is brokenin formal (13%), informal
6-8% Contribution to national GDP (39%) and self household consumption (48%)
« These systems hav e varying degrees of cold storage
with implications for quality and spoilage
+ Spoilage canreach 25-50% in informal markets,
25 - compared to 6-7% in formal market

50% Level of spoilage at small-scale

Sources: Odero-W aitituh J A. 2017. “Smallholder dairy production in Kenya”; USAID. 2014. *Keny a Agricultural Value Chain
Enterprises dairy value chain analysis”.
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For dairy, solar energy could play a role across the value
chain, but overall use at a micro-scale (even of incumbent
solutions) is low

Power capacity of

Current small
scale activity

Sources: Dalberg analysis and interviews.2018; GIZ. 2016. “Photovoltaics for productive use applications”

PULSE opportunity

sample products

Production

WATER PUMPS AND
MILK EXRACTORS

Pumps to increase
access to ground water
forlivestock

Milk extractors to reduce
time and labor costs of
milking

Collection & Storage

MILK CHILLERS AND
COLD TRANSPORT

Milk chillers to reduce
spoilage at
farm/collection point
Cold chain transport fo
reduce spoilage in
fransit

®

Transformation

SOLAR-POWERED PLANTS &
SMALL PROCESSORS

Opportunityin e.g. solar-
powered mini-grids

Butter makers for value
addition

W

R
F e o

Distribution & Retail
“ REFRIGERATION

+ Household to
commercial fridge
units to allow vendors
inremote areas to
stock milk products
forlonger periods

0.45-22kW

550W

Few farmers use pumps to
draw water. Milking is
usually done by hand

Women provide much of
the production labour,
but men usually own the
cows and confrolincome

40-200W

1-5kW

Farmers transport in
plastic containers by foot
or motorbike

Cooperatives collect in
non-refrigerated pick-up
trucks

4

150-250W

Little processing at micro-
scale; few co-ops produce
yoghurt and other
processed output

In some areas, evening milk

is culturally considered the
woman's milk, she controls
distribution & sale

G
LIGHTING _GLOBAL

40-400W

» Traders who are off-
grid buy milk daily,
only those with grid
access buy for
overnight storage
and chill af point of
sale

WORLD BANKGROUP
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Milk chillers have high potential to improve farmer
incomes by reducing milk loss to spoilage, but market &

access is a challenge

What are the incentives to invest?

+ There are two farmer profiles, those producing 1-
8L/day and those producing 8 or more L/day

» Refrigeration increases the volume of milk sold by
reducing spoilage (spoilage can reach 25-50% in
informal markets, compared to 6-7% in formal supply-
chains)

+ Both segments sell either to co-ops at $0.3-0.35/L, or
informally for $0.45-0.6/L

* While the bulk of sales are done informally, co-
ops/processors may offer $0.01/L more for chilled milk

+ Chilling also provides flexibility to sell milk to different
markets at a higher price

*  While preserving milk for sale at times when demand is
higher

“With a cooler | can keep the milk fresh so | can sell it the
next morning. Especially in January and December, milk
can even spoil daily because it is very hot.” — dairy farmer

Note: Assumes $0.3/L price for co-ops, and $ 0.6/L for informal market, w ith 10L sold daily for 30 days

Transportation

Lack of incentives

What are the constraints to uptake?

At entry price of ~$800, affordability is
a barrier e.g. for a farmer earning
~$36-72/month* from selling 4L/day.
Making limited access to finance a
barrier to uptake for smaller farmers

Upfront costs

Most solutions are not mobile and do
not address spoilage that occurs
during transport; thisis anissue for
farmers who reside far from co-
ops/markets

In Kenya there is no incentive for
quality milk asin other markets.
Though the Kenya Diary Board has
been considering the introduction of
a premium for quality

for quality

For smaller cattle owners, dairy may
not be the primary farming activity,
so while an important source of
household income they do not
immediately approach it as business

Commercial
interest

Gaad *. WORLD BANK GROUP
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Revenue increase from selling chilled milk varies based on &
the difference in spoilage rates, and prices offered by
different markets

Annualrevenue selling chilled vs. unchilled milk
(annual revenuesin $)

Unchilled

+236
With chilling (39%) * %revenue increase varies based on extent of

reductionin spoilage - in this case from 33%
losses common in the informal v alue chainto 7%
+141 844 observedin the formal channels

(39%)

* Asthereis no premium for chilled / quality milk in
608 Kenya, the value from milk cooling solutionsisin
their ability to boost the total volume of
marketable milk

506
365

+ Those selling to the informal market would
realize higher revenues due to better prices
($0.5/L vs $0.3/L offered by co-ops)

* While the analysis shows a farmer selling 6L/day
(~10% of farmers), the majority of SHF (87%) sell
1-4L a day; they produce enough milk for
household consumption and some surplus for
sale

Sold to the Sold to the
formal market informal market

% of SHF 25% 75%

Liters sold /day 6 3

Sources: Njonge F. 2017. “Challenges faced by smallholder dairy farmers in Kiriny aga county”; Dalberg analysis and interviews.2018.
Note: Farmers sell at $ 0.3/L to cooperatives, and 0.5/L to the informal market.
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However, solar chillers do not appear viable for the majority of
SHFs; positive ROl for these chillers are only achieved at 15L g
daily sales

Minimum volume sold to achieve positive ROl over 2 year period

~ 150 -

&

— For higher producing farmers, ROI

< only turmns positive at approx. a

s 100 4 minimum of 15L milk stored/sold

. For 96% of SHFswho sell 1-8L per per day)

g day, itis impossible to achieve

Z positive ROl in two years

Z 50 1

° \

4

o [ |

E O T T | T T T 1

o 0 5 10 15 20 25 30 35

<C

LLl .

> -50 A VOLUME OF MILK SOLD DAILY

g (LITRES) Capacity (L) 50

B ]OO Wattage 45W
Price ($) 699

Aggregation (cost sharing) between only 2-8 smallholder farmers is required for positive returns
on investment, depending on farmer productivity

Source: Dalberg analysis and interviews. 2018.
() ¥ WORLD BANKGROUP 88
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Even if solar chiller price reduces by 40%, SHFs selling 5L/day would &
only be able to pay back the assetin ~4 years

Two-year net operating income by product price*

X-axis = Volumes sold. %; Y-axis: operatingincome in US dollars ($) Bl Negativerol
Positive ROl and payback period <= 2 years

Current price 20% drop in price 40% drop in price
348 559 770
208 419
68
-143
-494 -283
paily ~1:056 -845 -634
‘(’L‘;'”me 0 ) 10 15 20 0 5 10 15 20 0 5 10 15 20
Y |
: Sa 72 months 58 months 43 months :
| 20 @5L/day @5L/day @5L/day "
Iz 36 months 29 months 22 months :
: o @ 10L/day @ 10L/day @ 10L/day |
e o o o e e e e o e e e e o e e e e o e e e e o e e e e o e e e o e e e e o e e mm e e o e e mm e e e e = e = |

Source: Dalberg analysis and interviews. 2018. e s
Not e: Product price w ithout financing = $804. Financing costs are 18% compound interest over 24 months. The economic o WORLD BANK GROUP
analysis assumes 25% sales to a fo-operative and 75% sales to the informal market. Inreality, those selling to co-operatives LIGHTIN Ga.,,,,,g.,L,‘,Q,B,,,AJ; THEWORLDBANK JFC | oz
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Factors which could reduce payback periods include: aggregation,
premium pricing for quality, and targeting farmers in hot regions

FACTORS TO STRENGTHEN

EPXLANATION

BUSINESS CASE

Promote farmer aggregation — with

a caveat

Farmers with low daily
production (e.g., 5L per day)
could pool together to
purchase a small cooler at
current prices — and pay back
their share of the product costs
within 1 year

However, aggregation is likely
easier through cooperatives,
which pay a lower price per
liter for the milk. Co-op prices
would need to increase for this
case to be attractive to farmers

Source: Dalberg analysis and interviews. 2018.

Help boost milk quality and
infroduce premium pricing

W hile Kenyan farmers do not
access a premium today,
better quality milk can help
keep the rejection rates low
(critical to the investment case)

This is particularly the case for
farmers who sell to
cooperatives, which are more
selective about product quality

Initiatives to secure a premium
for chilled milk would also
incentivize investment by
farmers supplying to formal
channels

Target dairy farmers
in hot regions

Farmers in hot regions are more
susceplible to milk spoilage

The value proposition for
chilling would be particularly
compelling to these farmers, as
the percentage increase in
revenue from chilling would be
higher

However, productivity is largely
determined by feed quality.

The cost of feed and availability

of pastures is an exogenous
barrier to increased production

£ )
LIGHTING_GLOBAL
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KENYA MARKET DEEP DIVE

AGRO-PROCESSING (MAIZEUSE CASE)



Agro-processing in Kenya typically occurs after aggregation in on-grid &
systems; PULSE could help reduce minimum viable scales of products ~7

Characteristics of the domestic agro-processing market

« Agro-processing in Kenyais a $3.258 * Ownership: run by private entities and in some cases
market with 85% of it focused on the parastatals may have an ownership stake

mestic market .
domestic marke » Business model: purchase produce from farmers

+ Agro-processing in the export market is (aggregate), process and sell higher value finished

dominated by fruits and vegetables plrr:g:lz::icr’rlg product
(’rfh;;ugh Ibev.ils orre still IO\;\/,'\DM;rhronly 16% + Opportunity for solar: using solar to feed into overall
Zx oer.;,)e eing processed betore powersupply asopposed to standalone solar
P processors due high powerrequirements
* Inthe local market the leading value
chainsin agro-processing activity are
maize, sugarcane, and wheat .
« Ownership: owned by an entrepreneur, usually a
+ Activities are concentrated at an wealthier person in the locality serving a few hundred
industrial level for most value chains, households
?.XC;EQCP)Z n%cﬁllzri,c\;\gﬂsel;hre émﬂgiﬁilg Small and » Business model: offer processing as a service and
cgmmerciol maize flour mo%ke’r micro scale charge a per kg fee. In peri-urban/low-income urban
processing areas may sell finished product

+ Opportunity for solar: solar technologies could enable
decentralized services to more remote populations, by
reducing transport and operational costs

Both solar and non-solar small-scale innovations could increase viability of agro-processing
closer to the farm, and facilitate extra income through value addition

Source: World Bank. 2015. *Agriculture and food processing in Kenya”
Not e: "Posho” mill refers to the artisanal maize mills

@ *. WORLD BANK GROUP
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Small- and micro-scale grid and diesel machines are commonin small
towns / market centers; solar options are only present in a few pilots

Degree of Typical products &

State of play

capacity

uptake

Medium-scale applications

No solar
products in
Kenyan market
operating at
>5MT/day

>2 MT/day

Grid/DieSG' Solar

Largely in use inindustrial
applications where high volumes
are processed to meet demand in
the formal retail market

There are no solar products in
Kenyan market operating at
>5MT/day

Source: Dalberg analysis and interviews. 2018.
Not e: The range of agro-processing machines includes maize mills, threshers, sugarcane processors, oil presses, rice hullers

nut processors, coffee processing machines, chaff cutters, etc.

Note: 1) MT- Metric Ton

Small-scale applications

No solar
products in
Kenyan market
operating at
2-5MT/day

1-2 MT/day

Grid/Diesel Solar

Current grid- and diesel-powered
solutions are based in small towns
and large market centers where
demand is high

There are no solar products in
Kenyan market operating at 2-
SMT/day

Very small-scale applications

<1 MT/day

Grid/Diesel Solar

Grid- and diesel-powered solutions
are common in small market
centers where demand islower
than in small fowns

Some solar solutions are currently

being piloted in Kenya. These are 5-

6x less efficient than the smallest
diesel/grid competitors

b )
LIGHTING GLOBAL
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There may be opportunity for solar suppliers to access the market by
partnering with distributors already providing incumbent products ~7

Suppliers of grid- and diesel-powered products

Current suppliers consist of a mix of those manufacturing equipmentin-country and those importing assembled products
to on-sell. Some focus on agricultural equipment while others have a wide range of equipment outside of agriculture. A
few examples are highlighted below:

S UHARATA Have a focus on agricultural equipment and manufacture locally. Supply maize mills, shellers, hullers,
Agr Machinery polishers, nut processors, slage choppers, mixers, and chaff cutters

Supply arange of agricultural and small-scale industrial equipment. Supply maize mills, chaff cutters,
concrete mixers, generators, and wood work and welding machines

TuBHATT

‘@mm,mmmmm §upp|y arange of qgri‘culturcﬂ apd indysirial machinery, e.g. maize shellers, mills, destoning machines,
juicers, coffee processing machines, oil extractors, water pumps, harvesters, and tractors

RIFT VALLEY Supply agricultural and construction machinery. Productsinclude maize mills, forage choppers, fodder
MACHINERYSERVICES srocessors, hay balers, bale shredders, maize shellers. milking machines, pumps, and ploughs

Supply coffee and grains machinery including pulpers, dehuskers, hullers, polishers and driers

Suppliers of solar products

Organization Size Stage PULSE products & services Outlook
Agsol >200 units Product: Maize mill, 50kg/h, Working with SHS companies with strong
in ofher $1800 retail networks & customer base
markefs, Manufacturer Not aiming to replace diesel mills but to
o pilofin Services: B2B sales of mill (to reduce distance to mills for smaller villages
o Kenya other solar companies) (300-500 HH)'

Sources: Dalberg analysis and interviews.2018. Company w ebsites * WORLD BANK GROUP
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Many suppliers provide processing products for the maize sector, an
important staple, that involves ~98% of Kenya’s 3.5 million SHFs

3.5M

70%

90kg

58%

Number of smallholders

Average acreage under maize for a
smallholder

Annual per capita consumption

% of maize produced by SHFs consumed at
home

Maize - Overview

Productionis 3.3M tons annually, 70% produced by
SHFs who grow on an average of 0.8ha

Yield is around the SSA average (1.8MT/ha), but the
country imports maize from neighboring countries
almost annually to meet consumption

Most maize is milled at a consumer level by local
“posho” mills; industrial mills produce sifted flour for
formal retail markets

At $ 685M, the posho mill market is 67% of the maize
milling market and 21% of Kenya's agro-processing
market

78% of rural households consume posho meal, only
22% consume sifted flour; opportunity for solar mills if
they can provide time or cost savings toincumbent
diesel mills

Sources: International Maize and W heat Improvement Center. 2015. “Drought tolerant maize for Africa”; Kamau. 2017.
“Maize value chain development for poverty reductioninBungoma county, Kenya”; Dalberg analysis and interviews. 2018.

£
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The maize sector offers significant opportunity for PULSE products to oo
boost yields, reduce losses, and provide alternative processing options 7
Production Storage & preservation

> IRRIGATION PUMPS AND @ DRIERS AND SILOES {“} THRESHERS, MILLS AND DRIERS

g TRACTORS

-3 * Pumps toirigate maize in dry + Diriers to reduce high moisture » Threshers to remove maize grains

8_ seasons corﬁenTwhich usually leads to from cobs

& + Tractors to increase efficiency spoilage « Driers to furtherreduce water

,2, by powering planters, + Siloes to preserve/keep grain dry content after threshing

2 sprayers and combine for extended time periods « Mills to produce flour, or animall

harvesters feeds

L et

Power capacity of
sample products

0.45-22kW 30-45kW 100-200W Vo”essizgisgd on 100W 0.75-2.4kW
to~350Kw

=> * Most farmers grow maize * Dryingis done under direct
O3 once a year, planting during sunlight. Short rains season occurs
g, S the long rainy season. In drier during harvest or drying, causing
"qE, z areas some farmers irrigate spoilage
53T maize + Brokers offer lower prices when
08 + Women account for~61% of moisture content is high, as they

smallholder production have to incur additional drying

costs

Sources: Dalberg analysis and interviews.2018; GIZ. 2016. "Photovoltaics for productive use applications”

Not e: Solar-pow ered trucks are intesting, w ith benefits including pow ering air conditioning, refrigeration, liftgate operations, ' ) e —

and less in providing fuel savings. \& WORLD BANKGROUP
T ° LIGHTING _GLOBAL .



Solar milling provides an opportunity for entrepreneurs to address
a large market, and provide time and cost savings for customers

Target buyer is a wealthier individual in the village, whose
mill would serve smallholders

There is strong demand for milling & threshing. Threshers
are deprioritized as existing solutions are mobile and
provide the convenience of on-farm services that diesel
mills currently do not

Farmers typically walk to market centers to mill, fravel
distance is ~500m to 3km and can go up fo 5km. The
target users are off-grid communities greater than 2km
from the nearest diesel mill’

Milling is done by women or children, for whom time costs
could be reduced by having a solar mill closer to home

In very remote areas, solar mills would alsoreduce
transport costs. Bicycles and motor-cycles are often used,
and costs could go up to $ 2.5 per round trip?

“If the solar mill was close to home that would be easier
for me when the children are in school, | wouldn’t have
to go far — maize farmer

Source: Dalberg analysis and interviews. 2018.
Note: Agsol's fieldresearch identified that 2km is the distance at w hichw alking becomes a pain point for customers. MT — Metric Ton

Upfront costs

Efficiency of solar

Low farmer
aggregation

.

Solar mills are ~2x or more the cost of
diesel mills. Minimum price of a solar
mill is $1,800 and could go up to
$3,300

Solar mills have lower performance
than diesel ones in ferms of 1) peak
processing capacity (8-10x lower than
the smallest diesel mills), and 2)
efficiency in cloudy & rainy weather.
A small diesel mill can do ~1100 MT
annually at 8h/day, but solar can
only do ~110MT

Solar mills could be targeted at
farmer groups or co-operatives, but
the maize value chain in Kenya lacks
co-operatives or strong farmer
aggregation dynamics

@) *. WORLD BANK GROUP
LIGHTING,_GLOBAL
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A solar mill may be the more attractive option for remote
customers, and become cheaper than a diesel mill after two years ‘J

Five year cumulative annual product + operating costs for solar vs. diesel

Figuresin USD dollars ($)

10,000 7
9,000 -
8,000 A
7,000 A
6,000 A
5,000 ~
4,000 A
3,000 A
2,000 A
1,000 -

9.405

7.050

Solar-powered
- Diesel-powered

0
Year ]

Key assumptions

Year?2 Year3 Year4 Year 5

» Productcosts: $ 3,250 (solar); 1,350 (diesel), with financing of 18% per year over2Y, and after 20% is paid upfront

* Revenue/MT: $ 50 (~$0.05 per kg market price for milling as a service inKenya)

« Annual operating days: 310 for solar, 365 for dieseli.e. boththe solar and diesel mill operate for 6h/day, but solar mill only operates at 40%
effectiveness for 4 of the year (translatingto 310 6h days or annual utilization of 85%)

+ Quantity milled: 83MT per year i.e. annual capacity of a solar mill based on 75% utilization (75% of annual days)

While these long-term economics of a solar-powered mill look favorable, due to capacity limitations solar
millers will likely serve a more localized market for more remote villages

Source: Dalberg analysis and interviews. 2018.
Note: 1) MT- Metric Ton

\;,) * WORLD BANK GROUP
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Solar products could bring services closer to home; convenience, affordability,

and quality can affect customer willingness to pay

Annual milling costs ($)

Milling costs  Travelcosts  Total$ costs

15kg weekly @ 52 trips (weekly)  Per kg spend:
$0.05/kg @ $0.7/trip! $75/780kg =

Annual time costs (hours) 0.097/kg

Note: walking to millsis common so a solar product is
likely to save more time than money

Travel time Waiting Total time cost
time at mill
52 trips @ 52 trips @
~45min/trip ~30min/trip

Source: Dalberg analysis and inferviews. 2018.

Note: 1) Spend per trip varies greatly depending on distance from mill, $ 0.7 is used as an approximation, and average
distance travelledranges from 500m to Skm. Inreality, many people w alk to mills and time costs are a bigger factor than

travel costs.

Charge more — customers may be willing to pay for
convenience of shorter fravel distances. Diesel mills
have a catchment of 3-5km and walking distances
of >2km are a pain point. Round-trip time perkmis
~1 hour (foot) and 30 min (bike) or up to KES 250,
excluding waiting time (~30 min on average)

Charge the same — customers may be insistent on
current market pricing. The target user segment is
extremely price sensitive and may not be willing to
pay more, particularly if fime costs are not
considered a significant loss

Charge less — customers may be unsure about
quality of solar equipment. Fineness of the maize
flour is valued, if the quality of the solar mill is not at
parwith that of alternatives, users may want to pay
less

) WORLD BANK GROUP
LIGHTING GLOBAL | @) mrmie wemer
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Seasonal capacity and customer catchment will limit utilization,
should 60% (66MT) be achieved a solar mill can payback in 2 6
years

Two-year ROl and payback periods at different utilization points
X-axis: Utilization: Y-axis: Two-year ROl in %. Current service fees = $50 per MT

... additionally utilization is further
limited by the number of customers
within a given catchment area (rural Bl More than 2 years
population density) and the relative
proximity of a diesel mill

Weather conditions are one Payback period:
factor that limits full year-round
utilization, 80% utilization is a
reasonable estimate of

maximum viable usage ...

Between2 and 1 year

150 - 1 year of less
100 4 90%
65%
50 - 40%
15%
0
-50
-60%

100 A -85%
Utilization 90% 80% 70% 60% 50% 40% 30% 20%
Payback 13 15 18 21 27 38 61

months months months months months months months i

Higher service fees above $50/MT might be paid due to added convenience of nearby mills;
however the target population is exiremely price sensitive

Source: Dalberg analysis and interviews. 2018.
Note: 1) Milling is offered as a service. Hou'seholds pay per kg fqr the crop§ milled. Anolyswgssumes financing costs of 18% <\/') : waaﬂuﬁ'BANKGROUP 100
per year. 2) For cost and revenue assumptions refer to the previous tw o slides 3) MT— Metric Ton LIGHTING GLOBAL THE WORLD BANK |



A solar mill needs to serve 104 households to reach 85%

utilization (94MT/year), which requires population dense areas to

be viable

Number of households served per mill required
for 85% utilization

.

Ideal regions to market a solar mill

94 MT volume/year!

0.9 MT/farmer? (average yield of 1.6MT per year of
which 58% is consumed at home)

104 households/year or 470 people/year

Sources: FAO and W orld Bank population estimates. 2018. Dalberg analysis and interview s. 2018.

South Sudan

Average annual
maize production
(MT)

[ ] <5000

<5001-25,000
<25,001-50,000

B <50001

Eastern North Eastern
10% %

United Republic of Tanzania

W hile average rural population density provides a view on
minimum area required for commercial viability, in reality a
solar mill will be most viable in regions where maize production
(and consumption of posho meal)is highest

Western Kenya and the Rift Valley regions have the highest
maize production. They also have high population density, and
are therefore ideal target regions

Note: 1) Volume that a solar mill can process in a year at 85% utilization (ex pected maximum utilization in a year) 2) MT-

Metric Ton

G f. WORLD BANKGROUP
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KENYA MARKET DEEP DIVE

POLICY ENVIRONMENT



The tax regime favors solar and PULSE products, but costs will rise gﬂ
if the recent proposal to re-introduce VAT on solar products is —
approved

* VAT on all solar products wasremoved in 2014 to reduce
cost to consumers

* In 2018 the Treasury filed a motion to reintroduce VAT on
solar products; following a unified decision with other East
African countries

* The moveis partially informed by the governments view that
not all suppliers have been passing benefits of the VAT
exemption to consumers in their pricing

» Kenya does not provide any other incentives or subsidies for
solar PV systems

* Irrigation equipment is exempt from customs duties and
VAT, spare parts are subject to 16% VAT

» Other incentives for irrigation include capital deductions
and investment allowances

Energy & solar

» Rising costs of alternative energy sources: The government
has infroduced 8% VAT on petroleum in 2018, with plans to
increase thisto 16% by 2020. A 43% excise duty on
kerosene has also been introduced. This offers a platform
to push for solar solutions in certain industries, to reduce
operational costs

» Costs of compliance: Complexity, bureaucracy, and costs
of getting certificate of conformity for bringing new or
sample products into the country are prohibitive for smaller
companies, particularly those supplying multiple products
and conducting pilots of different prototypes

Agriculture
* Local manufacturing vs imports: Local manufacturers pay

Parameter Solar Diesel/Grid Agriculture VAT on materials, importers of assembled equipment do
Products Products Equipment not, making local manufacturers less competitive. This may
Import Duty 0% ~25%, 0 (1) 25%(L)! hinder long-term local manufacturing
VAT 0% e Ol Nerai » PULSE products in agriculture intersect the jurisdictions of
Other levies 2.25% (IDF) 2 2.25% (IDF) 2.25% (IDF) different government actors in energy, agriculture, & water
Subsidies No No No « A coordinated approach fto policy is therefore needed to
realize the most comprehensive and impactful results
Incentives No No No

Sources: Kenya Climate Innovation Centre. 2018. “Keny a Solar PV Market Assessment”; USAID. 2016. “Drip irrigationin Gaad
smallholder markets”; KenyaRevenue Authority. 2018.; Dalberg analysis and interviews. 2018. LIGHTI NG\JG LOBAL
Note: 0% forimports but 16% (exempt) for local manufacturers. 2. IDF = Import Declaration Fee. SR e e
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ZIMBABWE MARKET DEEP DIVE

SECTION SIX




ZIMBABWE MARKET DEEP DIVE

IRRIGATION (HORTICULTURE USE CASE)



Land reforms and a changing agricultural landscape has opened up

smallholder production opportunities in Zimbabwe, which solar irrigation

could help tofill

Land reforms disrupted agricultural

production in the country ...

The launch of the Fast Track
Land Reform Programme
(FTLRP) in 2000 disrupted the
country’'s agricultural
production. E.g., between 2000
and 2002, the production of
cereals in the country dropped
by 36%

Over 10M Ha of large
commercial farms land was
distributed into A1 (150,000
households, 4.2M Ha) and A2
(20,000, 2.7M Ha) farms

This infroduced many small-
scale farmers into production
systems, often unsupported by
institutions such as co-
operatives and farmer unions

...and left existing irrigation

infrastructure largely unsuitable ...

In recent years private and
public organizations have
supported SHFs, and
productivity isrising. E.g., in
2016, Al and A2 farmers
increased their maize
production by ~300%.

However, many farms are still
undercapitalized with low levels
of production, and low
utilization of land

<50% of existing irrigation
systems on resettled land are
suitable for small-scale
activities. After land reforms,
about 72,000 Ha of developed
irigated land collapsed and its
existingirmgation equipment is
now neglected

... which could be addressed
through small-scale irrigation

There are still significant
productivity challenges on the
resettled areas. Given a
willingness of government to
push forward SHF farming
development, investmentin
imigation for this target
demographicis opportune

Smaller scale pumping
solutions, integrated with
existing solutions or new
alternatives, can help boost
productivity

Despite the relatively large land
size, expanding SHF irrigation
will likely begin at smaller
scales (.5 - 1 Ha) within existing
plots, in part due to the limited
finance available to SHFs

é

Sources: World Bank. 2018; Zimbabw eland. 2018; The Herald. 2017; Dalberg analysis and intferviews.2018.
Note: Al and Al land designations are typicalland categories in Zimbabw e follow ing land reform policies (A1 —small-scale
settlements, A2 - Small farms)
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Smallholder irrigation in Zimbabwe s very limited, despite the
availability of water across key agricultural regions ‘

Irrigated land in Zimbabwe by scheme typology

20% 30% 28%
Large scole Communal

Irigated - Not irrigated

Types of irrigation practiced in Zimbabwe

—_

Drip” 7%

8% Flood and sprinkler irrigation
are dominant, but
considered inefficient in
water management and
achieving maximum yield
output for farmers

Surface/flood /

Sprinkler 75%

Irrigation needs in Zimbabwe

Zimbabwe has sub-tropical climatic conditions and
only one rainy season between November and
March. Only 37% of the country receives rainfall
adequate for agriculture

However, the country holds 60% of all the dammed
water in southern Africa, including Kariba dam, the
world’'s largest dam based on water capacity. Internal
renewable surface waterresources are estimated at
11,260 million m3/year and renewable groundwater
resources at around 6,000 million m3/year

Less than 50% of the area equipped for irrigation in
Zimbabwe is currently under irrigation, this unutilized
infrastructure requires rehabilitation. Also, 3% of SHFs
produce using irrigation

Prior to the land reforms, irrigated crops contributed to
half of the crops marketed in the country with different
cropping systems and economic models prior to land
redistribution

There is a lot of potential in the country to bring more arable land under irrigation, as well as to
switch to more efficient irrigation systems, an opportunity which solar pumps can address

Sources: International Centre for Tropical Agriculture. 2010. “Livelihoods after land reform in Zimbabw e"; Poulton et al. 2002.
“Areview of Zimbabw e’s agricultural economic policies”; FAO. 2015; AQUASTAT. 2016; The Fish Site. 2018; Masiiw a. 2004.

“Post independence land reform in Zimbabw e"
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Efficient irrigation has the potential to significantly increase the ‘
production of the main crops grown in Zimbabwe

Comparison of annual production, potential for yield increase, and water requirements

» Crops highlighted are crops with the highest productionvolumesinthe country

—_ 3.483.000 * Figureson potential yieldincrease are obtained from v arious studies/desk
E St researchsources (see footnote)
S e / 852,909 «  Waterrequirement figures for each crop are Zimbabwe specific
S5 0
E -§ / / 110,000 104,032
°
o 70000 65017 64,127
o 43,294
24,863
o 3,569 462
]
= 4
[ 4x 4x 4x 4.5x
g o
O g
T 2X 2X 2X 2X 2X
K 1.5x
°
o 6,242
g5 4,260
o & 2,555 2,391
5 £
Lo 1,173
g 41 232 250 423 353 496
Sugarcane  Maize Cotton Bananas Soyabeans Sorghum  Potatoes Wheat  Tomatoes Onions  Cabbages

Both the potential for yield increase and the water requirement of crops are important
considerations underpinning the commercial viability of use cases, especially at a micro-scale

Sources: FAOSTAT. 2016; Mekonnen, M.M. and Hoekstra, A.Y. 2010. “The green, blue and grey w ater footprint of crops and b )
derived crop products™; Various desk research sources; Dalberg analysis and interviews.2018. LIGHTI NG\»/G LOBAL
Note: 1) MT-Metric Ton Costaing maiets o madom o g oey
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Awareness on solar products is growing but still under-penetrated;
incumbent technologies have much wider reach ‘

o3 Medium-scale applications
2
S 2
T =
S8
Q g_ 9
IS
o
Q
i
Y . .
S Grid/Diesel Solar
0 v
oo .
>a Medium
Q
S » Large-scale diesel machines are
S commonly found around
f_" communal farms and resettled
g irigation schemes
:§ + There are limited large-scale
23

applications for solarin the market.
Primarily, thisis the segment of
pumps that are neglected and are
in need ofreplacement or
adaptation

Source: Dalberg analysis and interviews. 2018.

Small-scale applications

1-2ha

Grid/Diesel Solar

High Medium

Both diesel and solar applications
forsmall-scale farmers are readily
available with an increasing

number of suppliers in the market

There are a few key solar suppliers in
the market who largely serve peri-
urban players

Very small-scale applications

<lha

Grid/Diesel Solar

High Medium

There are a number of established
diesel suppliers in the market

There are some solar equipment
suppliers who provide small-scale
farmers with flexible payments and
technical assistance. Solar suppliers
have multiple branches across the
country in order to capture more rural
markets

WORLD BANKGROUP
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Zimbabwe has a number of solar pump importers and
distributors in the market (1/2)

é

Organization Type PULSE products & services Outlook
Samansco Product: Lorentz pumps, Suntec and Trina panels, Initially focused onrural areas but
Deco batteries, Morningstar controllers, Schneider looking at urban areas as well
- Distributor lanterns (African Energy ) up to Thp .
9 Samansco Have 200 dealers in the country and
Services: provide 90-day credit to customers looking to expand.
Solarpro Product: Shurflo 9325-043-101 Submersible DC Pump | Have been in operation for 3 years
A Services: provide delivery across Zimbabwe, Import directly from manufacturers
accept online payment as well as evaluation and mainly target the urban marke
I Importer t onli t Il luati d inly t t th b ket
olarpre : ym . .
design and monitoring services and smaller pump sizes.
Solar shack Products: varying sizes of panels, water heaters Operating for ~10 years
and water pumps (Magnum, Genus, Su-kam,
African Energy, Grundfos, Power bank, Shurflo), Partnering with bigger companies to
~400W distribute in remote areas
shack Importer
Service: provide training sessions to dealers Partnering with MFIs to offer credit for
solar pumps, in order to address this
financing gap.
Vondex Solar Products: Lorenfz controllers and pumps 180-750W, | Target market is rural customers, are
includes pumps and cables interested in the tobacco value chain
< Importer

Services: provide installation services, design and
support

Source: Dalberg analysis and interviews. 2018.
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Zimbabwe has a number of solar pump importers and

distributors in the market (2/2)

Organization Type PULSE products & services Outlook
Clamore Product: Sunkam panels, vitroninverters and Operating for>10 years
Sunpump and Greenforce pumps, both AC Focus on medium to large scale customers
and DC (.75-3 hp) forhome and industrial use
o Provide financing through the salary service
S e Distributor Service: distribution and installation bureau (SSB).
Practical Energy Solutions (maintenance fee is covered in the product
price for the first 6 months)
Cool Solar Products: JS3/1.8/100270 W pump Target the peri-urban market.
00‘0'{‘ Distributor Services: provide two year warranty and Have a network of distributors and installers
- ‘2% technical training to their hired installers in Harare e.g. Clamore, Solartech.
Forrester irrigation Products: Locally manufactured pumps .5hp Operating for>30 years. Manufactures,
- 75hp supplies and installs solar pumps.
Integrated S . . . . . L L . .
FORSTER ervices: provide technical assistance and Specialize in drip irrigation. looking to grow
IRRIGATION conduct feasibility studies their rural customer base and increase set
up ofirrigation schemes.
Zonful Providing opportunities to test commercial
Products: Lorentz pumps, SW viability among potential customers by
Importer and providing them with market linkages to pay
Distributor Services: PAYG, installation and maintenance

service inclusive of cost

off pump costs.

Sources: Company w ebsites. 2018; Dalberg analysis and inferviews. 2018.
Not e: List is not ex haustive, other companies that sell solar products but not solar pumps: Solar City, Solar Tech Africa,
Pow erite, Solar Tech Systems, Genking
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PULSE products have the potential to increase smallholder
farmers participation in the horticulture value chain and grow

the sector

~90k Number of people
employed in the
sector

% of horticultural
70% produce channeled
through informal markets

7% % of agricultural
exports that are
horticulture

Horticulture - Overview

Zimbabwe produced 645,000 MT of
horticultural productsin2016. The value
chain has an annual growthrate of 1.6%
overthelast 5 years.

Zimbabwe's horticultural exports
amountedto S 96 millionin 2015, which
was a ~100% increase from 2014 values,
but still half of the country’s peak output
as at the year 2000.

The bulk of Zimbabwe's horticultural
produces are exported to the EU, with
the largest crops being: citrus peas,
dried legumes, v egetables, and berries

Sources: Proctor et al. 2000. “Facilitating the effective productionand marketing of processed food products by small-scale

producers in Zimbabw e”; UNCTAD. 2000. “The grow thand development of the horticulture sectorin Zimbabw e”; SNV. 2010. ¢

“RARP Commercializing smallholder farming”.
Note: 1) MT-Metric Ton
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PULSE opportunity

Power capacity of
sample products

Current small
scale activity

Sufficient energy is required to source water for production. Then most losses are ‘
due to poor handlingratherthan a lack of cold storage

Transportation & Distribution &

Production Transformation .
Storage Reftail
PUMPED WATER AND @ COLD STORAGE { “ } DRIERS AND SMALL { “ } REFRIGERATION
TRACTORS PROCESSORS .
+ Pumps to irrigate + Cold storage facilities « Driersto convert + Commercial
produce to reduce spoilage at produce info higher refrigeration unifs to
. Tractors to increase farmy/first collection value dried forms allow vendorsin
efficiency by powering point + Solar-powered remote areas fo
. o . stock products for
planters, sprayers and » Cold chain transport to juicing/pulping longer period
combine harvesters reduce spoilage in pProcessors ONger perods
transit
) < |
, average

0.45-22kW 30-45kW 1-10kW 1-5kW 100-200W 40-400W

« Smallholders use + Off-takers tfransport « Some basic processing « Farmers/traders sell
labour-intensive produce to markets is done, particularly sun in local markets, off-
practises to till land using pick-up trucks drying of produce at takers sell to

« Grow avarietyof crops  « Little use of cold point of production fo supermarkets and
in a year as part of storage, and where minimize spoilage some export
good soilmanagement available, it is run by
practises off-takers for the export

market
LIGHTIN&%&Q?A& WeRIDMNkoRowP 113
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Irrigation pumps could help improve farmer yields and subsequently ‘
incomes, however the cost of the product could limit uptake

What are the incentives to invest? What constraints are there to uptake?

* Increase farmer income through yield uplifts and

subsequently revenue gained through farming

“With the pump | can plant crops Cost

throughout the year. I'm always
guaranteed a market” —small-scale
horticultural farmer

Expand markets by targeting different markets,
both urban and rural, with extra and more
produce. Additionally, with storage facilities,
farmers could participate in the export market

Solar product
reputation

Reduce operational costs by eliminating the cost
of fuel for farmers

Technical
support

Improve water management practices, if at the
same fime switching to efficient irigation methods
using solar products

Improve resilience to rainfall seasonality and
climate shocks, and providing more resilience to

major drought, such as that experienced in 2016 Familiarity

Sources: Mutambara. 2017. “W ater supply system and the sustainability of smallholder irrigation in Zimbabw e”;
Dalberg analysis and interview s. 2018;

The cost of a solar pump is almost 4
times that of a diesel machine,
whichis a key barrier to entry. Also,
the costs of additional equipment
such as pipes, installing water tanks
and boreholes where there were
none increase upfront costs. ~77% of
SHFs have limited access to water

There is an influx of low quality
imported pumps and panels which
can negatively skew the experience
of first-time solar pump users

Most small-scale farmers have
limited understanding of best
irrigation practices, norhave
incumbent diesel pumps to know
about pumping systems (solar or
diesel)

There is limited knowledge on the
long-term cost-benefits of solar
pumps vs diesel pumps

Caod) WORLD BANK GROUP
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Based on current farmer activity, three crops can be used to showcase the range of ‘
potential yield uplifts and motivationsfor irrigation

Yield uplifts and market value across crop variefies

Market value 700

($/MT) 4 |
600
550
Onions— 500
commonly o
produced crop
with a ready +J0
market. Can be
grownallyear 350
round under
varying soil 300
conditions 250
200
150

Tomatoes

¢ Tomatoes— a common
crop among
smallholder farmers,
particularly inirrigation
systems. In high
demand throughout the

4 year and offers aready
market for farmers

: * /. —
| Onions

e .

: Cabbages

0.4 OI.8 1I.2 1I.6

2.0 2.8 3.2x Yield uplift

Cabbages - highly produced crop with high
consumption within households; part of the staple
diet. Has a guaranteed market at a fairly high price

Sources: 2030 W ater Resources Group. 2016. "Agricultural and irrigation opportunity in Kenya, 2016; Various desk

research sources”; Dalberg analysis and interviews. 2018,

Note: 1) MT-Metric Ton
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Using conservative estimates for yield uplifts, irrigation still boosts income ‘
significantly, enough to pay back the solar pump in one year

Impact of imigation on annual revenue per acres by crop (assumes each crop is grown on an acre) Figures in $. Revenue
figures assume two seasons foreach crop per year

Without irrigation With irrigation
+ $500/MT +  $330/MT +  $500/MT
*  Assuming 40% of production is +  Assuming 50% of production is +  Assuming 50% of production sold
sold (reminder is spoilage and sold (reminder is spoilage and (reminder is spoilage and domestic
domestic consumption) domestic consumption) consumption)
+100.0%
8,000

T +100.0%
+ .
.° 4,000

3,696
2,852

1,848
1,141

Tomatoes Cabbages Onions
Note: even when conservative eslimates for realized yield uplifts are used, irrigation still significanfly boosts income

Source: FAOSTAT. 2018; Dalberg analysis and interview s. 2018.
Not e: SHFs in Zimbabw e typically farmon 0.5 - 1 Ha; 0.4 Ha= 1 acre. MT— Metric Ton P o
‘\/') . WORLD BANKGROUP 116
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Upfront cost of solar is higher; however solar becomes more
attractive than diesel within first year of operations ‘

Three-year cumulative costs across a basket of crops produced on 1 acre

Figures in $
2,000 - With « Solarimigation is a more
i _ diesel pum attractive option; it
8,000 While the upfront cost pump increases production
7 000 A of the diesel isless Thon yield while eliminating
’ solar, the cost over fime fuel costs, which further
6,000 A rises, whereas solar stays boosts farmer income
5000 A eI + However, it could take
! several seasons for
4,000 - farmers to reap the full
With benefits of imigation as it
3,000 o solar pump may take time to adjust
to the technology and
2,000 A improve skills in best
utilizingirrigation systems
1,000 - 919
0
Year O Year 1 Year 2 Year 3

Key assumptions:
« Product costs: $1700 for solar and $500 for diesel with financing ofe  Fuel costs: $1.32/L;~4 L/day

24% per year over 2Y, and after 20% is paid upfront + Crop basket: Onions (33%), Tomatoes (33%), Cabbage (33%)
* Additional costs: i.e. shallow well, tank, pipes, $550 +  Crop value: Onions ($500/MT), Tomatoes ($500/MT), Cabbage
* Maintenance cost: $30/year (solar), $50/year (diesel) ($330/MT)

Source: FAOSTAT. 2018; Dalberg analysis and interview s. 2018. —~

Not e: SHFs in Zimbabw e typically farmon 0.5 — 1 Ha; 0.4 Ha= 1 acre. MT— Metric Ton LIGHTI NG'\JELOBAL I, WORLD BANK GROUP 117
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Irrigation pays back for either technology within 1-2 years; the relative benefit of ‘

solar over diesel pumps can be higher at smaller scales

Three-year cumulative net income with solar and diesel across a basket of crops*

Figures in US dollars ($)

0.4 Ha irrigated land 1 Ha irrigated land
12,000 1 45,000 -
¥ 40,000 - k ;
10,000 -
35,000 1
8,000 H 30,000 A
25,000 A
6,000 1
20,000 A
4,000 A 15,000 A
10,000 1
2,000 1
5,000 H
0 0
Year 1 Year 2 Year 3 Year 1 Year 2 Year 3

Without With solar — With diesel

Solar Diesel
Payback 2 seasons >2 seasons Payback
Two year ROI 22% -9%
Two-year ROI

Source: Dalberg analysis and interviews. 2018.
Not e: Crops: tomatoes ($500/MT), cabbages (330/MT), onions ($500/MT), Split of land: 1/3 for each
Assuming a full season is approximately 6 months. MT - Metric Ton

Solar Diesel
] 1 Season
Season
166% 106%

G f. WORLD BANKGROUP
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Small-scale farmers demand for solar pumps can vastly increase

with additional support

Market linkages with
guaranteed off-takers

FACTORS TO STRENGTHEN
BUSINESS CASE

* A guaranteed market provides
a consistentsource ofincome
for farmers, which will help
increase their access to the
product

+ Additionally, a formal off-taker
agreement assists farmers to
accessfinancing fo fund
purchase of the product and
otherrelevant equipment

EPXLANATION

Source: Dalberg analysis and interviews. 2018.

Tailored financing opfions
for potential customers

The high upfront cost, which
starts at $1,700 is out of reach
for the majority of small-scale
farmers

Current financing opfions are
out ofreach for the target
market

Potential financing options will
need to consider SHF's
economic situation, i.e. target
farmers earn <$50 per month,
and currentinterestrates are
~24% pa.

Pre- and post-sales
support

+ SHFs are largely unaware about
how to operate solar pumps

» Suppliers can try to increase
their market by providing pre-
and after-sales services, as well
as demonstrations to build
consumer confidence and
product such as Zonful

o) WORLD BANK GROUP
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ZIMBABWE MARKET DEEP DIVE

COOLING (DAIRY USE CASE)



40% of Zimbabwe's agricultural produce is lost post-harvest, additional cooling

supply could reduce this by as much as half

Post-harvest losses in the agriculture sector are due to poor
storage practises, including a lack of cooling. Appropriate
storage is limited in value chains as follows:

Horticulture

* Inthe vegetable value chain alone, Zimbabwe has average
annual losses of 20-30% due to lack of cold storage

+ Cold storage solutions are expensive and limited to grid-
powered products and catered for commercial processors,
particularly for the export market

Dairy

» The value chain is characterized by spoilage of up to 50%,
particularly at fransit to aggregation points

» Refrigerators are designed for large scale producers, the
majority powered on the grid, not for small-scale off grid

Livestock

» There isa demand for cold storage in Zimbabwe for
livestock products such as fish, processed meat and poultry.
However, commercial supply chains are limited, e.g. in
poultry only 25-30% of produce is commercially processed

Example of uptake of cooling products across
different value chainsin Zimbabwe

Horticulture
(Tomatoes)

407

of losses due to
spoilage

~77%

of commercial

produce passes

through cooling
facilities

Dairy

507

of losses due to
spoilage

32%

of milk sold
passes through

Livestock
(Fisheries
and Pouliry)

10%

of losses due to
spoilagein
fisheries

~30%

of poultryis

fransportedin

chilling facilities cooling systems

Cold storage and refrigeration applications, target more commercialized and large-scale
farmers, highlighting a gap in the marketfor smallholder use

Sources: Dalberg research and interviews.2018; Matekeny a. 2016. “Large Scale Diary Value Chain in Zimbabw e™;
Macheka. 2018. “Postharvest losses inZimbabw ean supply chain”; SNV.2012. “Zimbabw e’s dairy subsector study”;

FAO. 1995. “Recent developmentsin the fisheries of Lake Kariba”

LIGHTING_GLOBAL
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Uptake of both incumbent technology and solar products is low, DC
solar refrigerators are slowly entering the market for household use

Typical products &
capacity

uptake

Degree of

State of play

N/A

>2000 L

Grid Solar

+ Large refrigeration solutions are

usually grid-powered and used by
industrial processors

Grid walk-in cold room solutions
are increasingly being used in
horticulture by large aggregators
and exporters

+ There are currently no solar

solutions that meet large- scale
demand for cooling

Source: Dalberg analysis and interviews. 2018.

—

201-20001L

Grid Solar

There are few small-scale grid
applications, operated by
aggregated small-scale
producers in community projects

The maijority of the grid products
are tailored for retail and
household use

There are only limited small-scale
solar products utilized in the
market

L

<200L

Grid Solar

I s

Few solar solutions in the market
targeted to micro-scale
applications

The smallest solar productshave a
capacity of 50L to 165L targeting
peri-urban customers, but uptake
remains low

G
LIGHTING_GLOBAL
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Distribution of solar cooling products in Zimbabwe is limited to only a
few suppliers, most focused on growing consumptive use sales

Solar Shack Product: Sundanzer freezers/ Serve peri-urban clientele, and are
fridges, 75W, 1651, $2,700 looking to focus on expanding
Sll-IS/ZAYG Sistibutors theirurban consumptive market
shack eaaers v Services: provides flexible
payment terms, warranty and W ant to work with more MFIs to
maintenance support to farmers reach rural customers
_ Nongerai Product: Pro solar chest freezer, Focused on increasing supply in
S . AC/DC, 95 W, 190L, $814 urban and on-grid customers
S  NONGERAI Portfolio
& | distributors Distributors | services: provides warranty and | Could potentially stock coolers of
technical advice frominhouse 73-110 L depending on demand
experts
Solar Tech Products: branded (SolarTech) Targeting rural customers, at both
M PULSE solar fridge and cooler a household and retail level; not
SOUARTECH innovators Integrated considered going info agriculfure
Services: provides warranty and yet
installation
Capri . . Continue to manufacture and
Products: Capri grid refrigerators upgrade models for the urban
T ngSd chest fridges, 68 —340 L, $295 - market in Zimbabwe
O Manufacturer Integrated

Services: backup service and local
warranty support

Currently focused on serving grid
connected consumers only

Source: Dalberg analysis and interviews. 2018; Company w ebsites. 2018.

(:/.) f. WORLD BANKGROUP
LIGHTI NGmMg_LﬁQMB”’é_E

THE WORLD BANK  |EC

123



Suppliers are yet to explore the dairy sector, where off-grid cooling
could reduce spoilage while helping to meet government targets

Number of dairy cattle*

Number of smallholders*

Contribution to agriculture
GDP**

Level of spoilage at smaill-
scale

Sources: Dalberg analysis and interviews.2018;SNV. 2012. “Zimbabw e's dairy subsector study"; Marecha. 2013.
“Zimbabw e dairy industry case study; GAIN. 2015. "“Zimbabw e agricultural economic fact sheet”

Note: 1) Includes those both in the formal and informal sector;2) Agriculture sector GDP is 10% of national GDP

Zimbabwe's dairy sector has a supply deficit,
importing up to 50% of its dairy products, with
only 65 million liters produced locally

Land reforms caused a large reduction in herd
sizes and participation in the dairy sector. The
national milk output has fallen drastically from
a peak of 260 million litersin 1991

Torevitalize local production, the government
has putin place various importreskictions
(e.g. 40% duty on milkimports) and tried to
engage small-scale dairy farmers

With support from USAID, the government
established 35 Milk Collection Centres (MCCs)
to channel smallholder produce tolarge scale
processors; of these, only 10 are currently
operational and on the grid

Currently, only ~5% of the formal dairy sector
is served by small-scale farmers and out of
the potential 300,000 smallholder dairy farmers
only 1,743 farmers are utilising MCCs

£
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PULSE products can be used across the value chain, but a strong opportunity lies
in initial collection and storage to avoid spoilage

>\
= MILK EXRACTORS
-g * Water pumps to provide
8_ constant drinking water for
o dairy cows
uc: « Milk extractors to increase
Q9 output and reduce labor
> time
a.

B

>0

.a -g

S o

235

O

0O

S g

o0 3 0.45-22kW 550W

a.

*  Most farmers use boreholes

and surface water as a
supply

+  Milking is carried out by
hand

producers

Current small
scale activity

Sources: Dalberg analysis and interviews.2018; GIZ. 2016. *

Center for Biotechnology Information. 2018.

« Women make up ~30% of .

WATER PUMPS AND @ MILK CHILLERS

Chillers reduce spoilage
and contamination. Rate
of contamination
increases by 10% daily for
unchilled milk

40-200W

Farmers store and
tfransport milk in small
plastic containers and
deliver to MCCs (~10km
away)

Aggregators have storage
equipment on the grid

Photovoltaics for productive use applications”; National

yoghurt, sour milk, efc.

@SMALLPROCESSORS @ REFRIGERATION

» Processors provide value » Fridges allow small-scale
addition to the value retailers to store fresh
chain, e.g. production of milk products for longer

150-250W 40-400W
* A few on-grid processors + On-grid retailers will have
produce yoghurt household size fridges
» There are a handful of and off-grid retailers will
small-scale traditional purchase on a daily basis
processors who make or boil the milk to
sour milk by exposing it to preserve it

ambient temperature

G
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Milk chillers can help drive local dairy production by reducing

milk loss and improving milk quality, both which increase farmer &
incomes
+ Use of chillers can help increase farmer incomes by The smallest product in the market
reducing spoilage and making more milk available at $694 is expensive for the typical
for commercial use smallholder dairy farmer who
Product cost currently has a monthlyrevenue of
+ Improve quality so they can access a price ~$115/month* from selling é6.4L/day

premium from processors. Preservation by chilling at
an optimum temperature helps limit bacteria

growfh The majority of smallholder farmers

» Chilling also provides farmers with an opportunity to are located away from MCCs. This

sell milk to both formal and informal markets Distance m::-cesslta'res moplle solutions, Wh'.Ch
will address spoilage that occurs in
. t it
* Small-scale cooling can help smallholderfarmers ransi
better linkinto MCCs. A few smallholder dairy
farmers are Iocq’red nearan MCCs which are a Smallholders produce ~8L/cow/day,
good aggregation point. The average MCC serves X nearly half of commercial farmers'’
~50 farmers Production production. Farmers cannot fully
volume utilize the smallest chillers (50 L)
“Most farmers live too far fom MCCs and don't without aggregating

produce enough (milk) to justify purchasing a
cooler. There needs to be mobile cooling solutions
targeting aggregated farmers and serving them at
their point of production” — Red Dane, dairy
producers

As SHF commercialize their
production costfs increase, including
Production improved feeds and animal health,
cost which comes up to 70% of
revenues. This hinders smallholder
partficipation

Sources: Dalberg analysis and interviews.2018; SNV. 2012. “Zimbabw e's dairy subsector study”
Note: 1) Assumes farmer sells 6.4L/ day @ $ 0.6/ L for 30 days; assumes farmer sells 80% of milk produced
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By chilling their milk, farmers can increase their annual revenue
by up to 60% due to increased sales volumes and premium pricing

Annualrevenue selling chilled vs. unchilled milk — across farmer profiles

(Annual revenues in $)

Unchilled  With chilling

+ Chilling solutions help
maximize the benefits

from spoilage reduction
and access to premium

pricing*

Even if no premium is

possible, farmers can still

earn up to 40% more
revenue based on the
additional quantity sold

19.800

Up to 10% additional quantity sold 18.000

(chilling can help reduce the milk @ ’

loss/spoilage rate from 35% down

to 5%)
13,200
12,000
4,500 4950

ﬁp Liters/day 30 80 120
IQ‘ Farmermode Smallholder Smallholder Plus Aggregation
™ 4 of cows 3 8 12
(J Liters/cow 10! 10 10

Source: Dalberg analysis and interviews. 2018.

Note: 1) Volumes are up to figures presented:; 2) Assumes at least 50% access to premium market
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However, solar products on the market today only begin to make
financial sense for farmers at the top end of the smallholder category

Minimum capacity level to achieve positive two-year ROI

250 ~
- 200 ~ To achieve higher returns
S Chillers start to have from investment, utilization
g 150 4 positive two-year returns needs to increase. This
E for farmers storing at means either more
s least 7.5L milk per day productive farmers or
E, 100 A aggregation
>
=
=z 50 -
o
=
E O T T T T T T T T T 1
L 00 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
“ 50 -
E VOLUME OF MILK SOLD
O _100 - DAILY (LITRES)
= Capacity 50
L
150 - )
Wattage 75W
-200 - Price (S) 699

Based on current products and market prices, farmers marketing less than 7.5L per day will not earn
enough fo afford the smallest chiller in the market. However, farmers may be successful in aggregating

Source: Dalberg analysis and interviews. 2018.

to make jointinvestment to be worthwhile

Note: 1. All chiller costs include financing costs over 24 months, at 24% compound interest.

@ * WORLD BANK GROUP
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Even if product price reduces by 40% SHFs selling 5L/day would not be
able to pay back the product within 2 years

Two-year net operating income by product price: (X-axis = Capacity util. %; Y-axis: operatingincomein $)

Product price (including batteries) without financing = $804. Financing costs are 24% compound interest over 24 months

Current price

O
4
g
<Zt 628
= 35
=
557
Daily
volume -1,150
(t) o 5 10 15
47 months
Sa @ 5L/day
<O
@
gE 24 months
@ 10L/day

Source: Dalberg analysis and interviews. 2018.

- Negative ROI

years

20% drop in price
1,450

858

265

327

-920
0 5 10 15 20

38 months
@ 5L/day

19 months
@ 10L/day

Note: ROl is calculated from price of small solar chiller w ith financing, but assumes change in initial cost of product; no

change to battery costs.

I:I Positive ROl and payback period <= 2

40% drop in price
1,680

1,088

495

-97

-690
0 5 10 15 20

28 months
@ 5L/day

14 months
@ 10L/day

@
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Three levers could help strengthen the solar chiller product
design and enhance the investment case for smallholders &

25% boost to the additional
revenue

* Improved cow productivity can boost
both the overall volume of milk sold
and its quality

« On quality, farmers can access
premium pricing for milk with: (a) high
fat content, (b) low bacterial count.
Chilling helps only with the latter

* Improving fat content can add an
additional 25% to the revenue boost
already identified in this analysis

Source: Dalberg analysis and interviews. 2018.

Note: 1) Without financing 2) Smallest solar chiller capacity inthe market

Investment case for
farmers at <10L

Farmers with production below
50** L/day (which account for
majority of small-scale farmer
profiles) are shut out of current
chilling solutions — unless they
aggregate

Such farmers would be able to
break even within 23 months on
an investment for a small-scale
solar chiller, costing no more than
S 699. The case still stands even
with added financing costs

More consistent access to
processing centers

The investment case rests in large
part on the abilityto sustainability
access large-scale processors
through larger volumes. Smallholder
farmers can also access premium
prices by selling high quality milk to
Processors

Smallholder farmers require support
to aggregate and revitalize existing
MCCs. Industry players can also offer
technical support and incentives to
improve milk production quality

) *. WORLD BANK GROUP
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ZIMBABWE MARKET DEEP DIVE

AGRO-PROCESSING (MAIZEUSE CASE)



Cereals make up the majority of the country’s agro-processing demands,
particularly maize and sorghum which are staple foods 6

Characteristics of the small- and micro-
scale agro-processing market

State of play

Agro-processing in Zimbabwe is dominated by large scale

processors asshown in the following value chains: . .
+ Owned by mid-scale farmers in
Cereals (maize, wheat, sorghum, barley, efc.) the locality who have > 10ha

* Most cereals consumed go through the process of husking, and process ~15 fonne/day

threshing, and milling. In rural areas, >50% of processing is
carried out by hand

Ownership

structure Very minimal ownership by

small-scale farmers, because
current technologies are

» Millingis carried out by larger processors while, threshing and expensive

husking are mainly carried out by small- to mid-range

rocessors
P + Offer processing as a service
Tubers (potatoes, cassava, efc. o
(b J * Due to currency restrictions in the

* Processing of tubers is still a nascent industry in the country Business country, payment for services,
especially in rural areas, is usually
inkind, i.e. goodsin exchange
for a service

« Processing is mainly carried out by two companies, i.e. Selby model
and Interfresh. Producers tend to be smallholderfarmers who
sell their produce to larger wholesalers and sometimes

processors
Oilseed crops (soya, cotton etc.) + Offer a cheape.r alternative to
. current processing
» Almost all oilseed crops are processed in country. 95% of all Opportunity .
soya for example is processed to produce animal feed and oll for solar * Increase market for processing
by driving entrepreneurship at
» Processing is capital-intensive, requiring specialized micro level

technology, and is dominated by Iarge scale processors (97%)

Agro-processing applications are commercially geared and more developed within the cereals value chain

Source: Dalberg analysis and interviews. 2018. L/‘) ‘ WbﬁLB'BANKGRoup 132
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Across crops, large scale grid processing applications are
widespread, while solar solutions are currently not available

Typical products &
capacity

uptake

Degree of

State of play

Medium-scale applications

PBESEE
e
>2 MT/day
Grid Solar
High None

e Threshers and huskers are mobile
and tend to be diesel-powered
combine harv esters

+ Mills, grinders, and pressers are
grid- or diesel-powered

« There are no solar productsfor
large-scale processing in the
market

Source: Dalberg analysis and interviews. 2018;
Note: 1) MT- Metric Ton

Small-scale applications

N/A
1-2 MT/day
Grid Solar
Medium None

« For oilseed processing, small-
and mid-scale processors
frequently use screw presses

» Thereis some uptake of small-
scale threshers and mills,
predominantly in cereal value
chains, these are either imported
or locally manufactured

.

Very small-scale applicafions

.

A w i
| l;,!@’z ;\X N/A
<1 MT/day
Grid Solar

+ There are currently no solar

solutions for micro-scale
processorsin the market

There are a few micro-scale screw
presses in the market

There are almost no grinders,
millers, and threshers at a micro-
scale

&
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The biggest suppliers in the market only provide grid and

diesel-powered processing solutions, interest in solar is limited

.

Organization Stage PULSE products & services Outlook
Farmec Product: brand combined harvesters of ~40-60 Target large-scale producers as well
such OS.MOSSG Ferauson. Falcon as those inrural areas; have multiple
Distributor 4 9 ' branches across the country
Services: provide warranty and maintenance
Bain Target large-scale farmers and
Bain Product: combined hOrVeSTer, millers |Ooking to grow distribution across the
% Integrated country
EW HOLLAN Services: provide maintenance support
Agricon Serve large-scale commercial
Products: harvesters, shellers, fractors producers
A CON Integrated Services: have moin‘renolnce contract and Integrating technology solutions into
exT_endled Worronfy: Prow_dg a ongl‘ry program their equipment
whichincludes on site fraining, visits from
equipment specialist
Appropriate Also provide some solar products,
Technology Africa o o ] e.g. solar pumps, hence would be
Products: Vegetable oil mills, g:ereol grinding mills, | interested in exploring other PULSE
Integrated dehullers, manual and motorised peanut butter products

A

mills, motorised juice extractor

Sources: Dalberg analysis and interviews.2018; Company w ebsites. 2018.
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Maize offers a large market for agro-processing — it is farmed by
80% of smallholder farmers, with significant small-scale processing 9

needs

2.2M
MT

807

9%

Annual production, 2017

% of smallholders engaged
in maize farming

Contributionto
agricultural GDP

Maize - Overview

Maize is a staple crop in Zimbabwe and 80% of the

maize produced is for consumption, while therest is
processed into maize meal and other by- products
e.g. stock-feed. Maize contributesup to 43% of the
dietary energy supply in Zimbabwe

There was a 300% increase in maize production
from 2016-2017 (up to 2.2. million MT). Thisis
attributed tothe ‘Command Programme’, which
began in 2016 and was aimed at making
Zimbabwe self-sufficient in production

Maijority of the maize produced passes through the
formal value chain. ~40,554 (50%) SHFs are
contractedtosell directly tothe Grain Marketing
Board, who offer the highest prices in Southern
Africa, at $ 390/MT

Most farmers thresh their maize on the farm and
thensell the processed crop to large-scale off-
takers and millers. Threshing is a labor-intensive
activity, requiring >2-3 people per machine to feed
cobs into the processor

Sources: Tinashe et al. 2010. “The grain industry value chain in Zimbabw e"; GAIN. 2017. “Grain and feed annual report”;

Reserve Bank of Zimbabw e. 2017. “Quarterly economic review "; GAIN. 2015. “Zimbabw e Agriculfural Economic Fact =

Sheet”; Dalberg analysis and intferviews.2018.
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PULSE products can address gaps at production and processing, specifically
saving costs and time in on-farm transformation 9

Power capacity of

Current small

PULSE opportunity

sample products

scale activity

+ Pumps toincrease yield
and allow farmers to
plant multiple cereal
crops in a year

0.45-22kW

+ A few mid-scale farmers
use diesel pumps, while
most small-scale farmers
rely on rain-fed farming
for one season of maize

* Land is tilled manually

Source: Dalberg analysis and interviews. 2018;

Collection &

Sun-dryersto cut down
on time spent drying

Dryers and silos to retain
appropriate moisture
content more efficiently
and prevent
contamination

10 kW

Most farmers sun-dry their
maize, a process which
takes ~2 weeks

Famers store their
produce in bags and
keep them in reusable
sacks

Threshers to reduce fime
spent manually threshing
prior to milling and save
on fuel cost

Solarmillers to save fuel
and transportation costs
to large processors

1.2 kW

Threshing is mainly carried
out mainly manually. Some
farmers pay for threshing via
combined harvester or
diesel processor

Maize grain is sold to large-
scale processors for milling

G
LIGHTING_GLOBAL

Production Transformation Dlsinbuh9n =
Storage Reftail
@ WATER PUMPS @ DRYERS AND SILOS ( ) THRESHERS AND MILLERS (ﬂ) N/A

» No real opportunity in
transportation as
spoilage largely
occurs during
storage*

—

» Collection of maize
grain by brokers is
usually done using
trucks
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Solar threshers could be a cheaper solution than diesel incumbents,
and open up more efficient threshing services to remote producers 6

What are the incentives to invesit?

For smallholder farmers threshing is typically
delivered as a service at or near farm

Smallholder farmers either thresh their maize using
a large-scale combined harvesters (~35%), mid-
scale diesel-powered threshers (~15%) or by
manual farm labor (50%)

Alternative solar-powered products could both: a)
reduce costs of mid-scale threshing when
compared with diesel alternatives, b) increase the
efficiency and quality of processing when
compared with manual threshing, which could
help SHF to access downstream commercial mills

“Isometimes spend at least 25 dollars a day on
fuel when | use my diesel thresher — maize farmer
and micro-processor

Source: Dalberg analysis and interviews. 2018.
Note: 1) MT-Metric Ton

What are the constraints to uptake?

Limited
incumbency

Seasonality

Mobility

Currently 50% of farmers thresh by
hand, therefore technologies will
need to reach customers with no
incumbent fechnology

Threshing is a seasonal activity and
within the maize value chain, a
bespoke threshing product would
only be operational fora 3 month
period

SHFs typically rely on near-farm or
on-farm threshing, but available
solar solutions are not yet mobile.
Transporting unthreshed cobs in bulk
is expensive, costing around
$0.38/MT per km travelled to a
processor

Caod) WORLD BANK GROUP
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A solar threshing solution will need to show commercial viability
compared with both manual and diesel-powered incumbents

Manual - Incumbent

Local labourers use manual

Diesel - Incumbent

Typically owned by a mid-scale
farmer with (10 ha+), who then
threshes for neighboring farms

Solar - Alternative

One of the smallest solar threshers
(T00W) in the market, targeted at
MiCro-processors

The smallest products available
process up to TMT/hour, but
seldom reach full capacity, 960MT

Can process a maximum of
0.25MT/hour, with a typical annual
output of 240MT

Summary techniques such as beating
. Two labourers typically thresh a
Capacity volume of 50kg tonnes/day
Mobile - labour is either from the
Mobility household or paid workers from

the nearby village

Partially mobile - such machines
tend to be mobile, being both
pulled and powered by a tractor

Not mobile - current models in the
market are not mobile, a
recognised disadvantage from
manufacturers

Product Cost -

$ 420

$ 950

Typically family labour or $15/MT
for hired labour which can be
paid in bags of maize ($20/MT)

Charge Rate

Typically $10/MT

$7-10/MT

(depending on distance)

Available solar solutions have lower capacity than diesel and are also not mobile.
Prices will need to be adjusted to account for costs of transport

Source: Dalberg analysis and interviews. 2018.
Note: 1) MT- Metric Ton
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Between 120-240MT (max capacity) solar threshers have lower costs than o
diesel, but the unit economics shift towards diesel after 325MT ~7

Unit cost analysis of solar vs. diesel (averaged over 5 years of operation) The economics of solar vs. diesel
In $/MT, for a typical current price of § 10/MT

+ To match the processing capacity of

18 - a solar mill of 240MT a diesel solution
. . only needs to utilize 25% capacity
16 - Both solar and diesel solutions Solar (given overall capacity of 960MT)
breakeven at 110MT of Diesel
14 A processing, driven by fixed « Based on current prices a solar
— upfront and labor costs product appears viable where
s 12 1 utilization is greater than 50%
= |
o T e A dieselfhreshermusf =~~~ . A’rI these sc;nles, ’rhe'solor soTIuhodn has
o g operate at over 325MTto 8 oxlive:cfum”?rc;'ceTsmng C(f)s an Tpoys
S_) achieve lower unit costs ack arterine st year ot operation
:C) 6 than solar * But when processors can reach more
____________________________________________________________________ customers, increasing processing
4 A throughput above 325MT/annum,
Solarremains cost competitive they have incentives to invest in
2 up foit’'s maximum capacity of higher-rate diesel-powered products
240MT
O T T T T 1
0 100 200 300 400 500
Maize processed (MT)
Key assumptions
* Product price: $ 950 (solar); 420 (diesel) « Operating costs: Solar (battery, labor, maintenance) $ 690;
« Financing: 24% per annum over 2Y, after 20% upfront Diesel (fuel, labor, maintenance) $ 1,136
+ Annual operating days: 120 days for single purpose use * Revenue/MT:$ 10

Source: Dalberg analysis and interviews. 2018.
Note: 1) Maximum sunlight days in Zimbabw e

\;,) * WORLD BANK GROUP
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To be profitable a solar thresher must reach at least 44 households, but

transporting maize will reduce potential charge rates -7
How many households need to be serviced? Over If a static off-farm solution, how could travel costs affect
what catchment area? customer willingness to pay?

Processing capacity, 110 - 240 MT of maize/season Service fee when threshed on farm, $10/MT
2.5 MT/ household/season Typical travel based on catchment : 2.2 -3.5 km

44 - 96 households serviced per year Approximate travel costs, 0.38 $/km/MT

10 households/km?2 Additional total cost of travel: $1 — 1.5/MT

Typical catchment area: 4.4 - 9.6km2 Potentially need to offer remote rates of $8.5 — 9/MT

Static solar solutions will need to offer a lower price to compensate customers for their travel
costs to be more atfractive than mobile diesel ($10/MT) and manual processing

Sources: Dalberg analysis and interviews.2018; Zimstat Census. 2012.
Note: 1) Population density, 42 people per sq km, 2) Household size 4.2 ppl/hh 3) Ty pical tfravel distance assumed to be half Gad
of the catchment radius 4) Avghousehold production of 0.6MT, Assuming $ 12/MT/32 Km = $ .38 per km. LIGHTI NG\/G LOBAL
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A processor needs to maintain more than 50% utilization to see
positive ROl within the first 2 years 9

Two-year ROI and payback periods at different utilization points

X-axis: Utilization: Y-axis: Two-year ROIlin %. Service fees = $8.5 per MT

150 1
Payback period:
100 - I More than 2 years 89%
Between 2 and 1 year 59%
50 - 1 year ofless 299%
O .
-1%
50 -31%
-61%
-100 = 91%
Utilization 20% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0%
months months months months months months months

The ROI assumes operations of 8h/day and 240 kg per hour for 120 days in a year. However, due to
competition from mobile diesel threshers, utilizationis likely tovary. A processor can charge $8.50, below
the current market rate of $10, toundercut competition from mobile diesel processors

Source: Dalberg analysis and interviews. 2018.
Note: 1) Analysis assumes financing costs of 24%over a 2 year period w ith 20% paid upfront.2) Assuming each smallholder
produces approximately 1.6MT.

141
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FACTORS TO STRENGTHEN
BUSINESS CASE

EPXLANATION

Provide mobile solar threshing
services to match current
alternatives and ensure catchment

Smallholder farmsin Zimbabwe are sparsely
distributed

Compared with diesel solutions, solar threshers
have better cost effectiveness at lower volumes
which could make remote applications more
viable

However, as solutions are currently not mobile,
any enterprise willneed to carefully consider its
position and viable catchment

The development of mobile solar threshers would
reduce the transactions costs associated with
reaching remote smallholders

Inthe mean time, processors might need to
include bulk transport of maize in their services,
along with the associated costs

Source: Dalberg analysis and interviews. 2018.

Two levers could help strengthen the product design and hence the
investment case for smallholder farmers

.

Utilize multi-purpose products
(which include threshing) to
maximize year-round PV utilization

Solar threshers would only be operational for 3
months of the year, as Zimbabw e has one maize
season per annum. Threshing, and processing, takes
place after harv esting. However, most smallholder
farmers rotate production of maize with other crops
(e.g. soya, wheat) throughout the year

Customizing the thresher to process a minimum of 3
crops by providing modular spare parts to process
specific crop. Solar threshers with customized heads
can process arange of pulse and cereals e.g.
Agsol’'s multipurpose equipment

A multi-purpose thresher could friple the ROl of the
machine. With fuller year+ound utilization, a
threshing device could double annualrevenues and
half the repayment period

-
LIGHTING_GLOBAL
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ZIMBABWE MARKET DEEP DIVE

POLICY ENVIRONMENT



The government reduced taxes on solar products which could N
increase PULSE uptake, however, existing policy limits growth of the _Q
sector

» Excise duty of 40% was removed on all imports of solar
products, however, VAT is still applicable

Energy & Solar

* The government is soon going to approve a Renewable
Energy policy fo establish market oriented measures
and define regulatory instruments to promote the use
of renewable energy aswell as establish a Renewable
Energy Fund

» Due to inconsistent classification of solar products,
some items (e.g. batteries, chillers) are not includedin
tax exemptions

« Aside from tax exemptions, there are no other

incentives and subsidies on solar products + ZESA’'s immediate priority is to electrify urban areas,

which presents an opportunity to develop alternative
energy for rural communities; < 20% of the rural
population has access to electricity

+ The government developed, butis yet to implement
the renewable energy feed in tariff (REFIT) scheme
which mandates ZERA to buy power from renewable

energy sources (up to 1T0MW) at a pre-determined Agriculture
price + Strong government push to increase agricultural
production: all agricultural equipment is exempt of
excise duty, VAI, surtax, and farmers can access low-
interest financing through the state-owned Agribank
Parameter Solar Diesel/Grid Agriculture
Products Products Equipment Co-ordination/Cross-sector
* PULSE product use is overseen by multiple players:
Ii2ely DULY O 5% O various ministries (Energy, Agriculture, W aterand
VAT 15% 15% No Environment), Electrification agencies (ZERA), non-
government players (REA), and private sector
Surtax No 25% No + Inter-stakeholder coordination is limited, e.g. policy on
Subsidies No No No classification and regulation of renewable energy is
required to unlock opportunities around solar energy
Incentives No No No

Sources: ZIMRA. 2018; ZERA. 2016. "Energy Regulation in Zimbabw e"; Dalberg analysis and interview s. 2018.

Note: VAT- Value Added Tax ; Ex cise duty — paid at customs; Surtax — tax levied ontop of another tax LIGHTI NG\JELOBAL Py WORLD BANKCROUE 144
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COTE D’ IVOIRE MARKET DEEP DIVE

SECTION SEVEN




COTE D’ IVOIRE MARKET DEEP DIVE

AGRO-PROCESSING (WITH CASSAVA USECASE)



The government aims to increase local value addition, providing

an opportunity for off-grid agro-processing across multiple value {,
chains
State of play Characteristics of the domestic agro-processing market
* Agro-processing accounts for 6.5% of GDP, « Ownership: run by large scale private
31% of the industrial sector in Coéte d’'lvoire "
entities
« High processing activityis concentrated Induskial « Business model: purchase produce from
within a few value chains, including, processing commercial farmers or SHF cooperatives;
cassava, rice, cocoaq, cashew, and palm process and sell higher v alue finished
seeds product (often export crops)

» Processing for exporisis low overall, (e.g.
31% in cocoa and 6.5% for cashew, two of

the leading cash crops in the country) + Ownership: run by a SHF association or
N . _ semi cooperative
* Recognizing the opportunity to increase SHF indushrial . Business model: buy produce, process

incomes and retain value locally, the
government aims to increase agro-
processing particularly in cocoa and cashew
(aiming to process 50% of produce locally
by 2020)

processing and sell finished proQuc’r. May offer
processing as a service and on-sell the
product on behalf of the farmer

» Ownership:run by a small cooperative or

« Agro-processing is divided into industrial, an entrepreneur

semi-industrial and small-scale processing
Small scale + Business model: process produce
processing charging a processing fee or against
payment in kind. May also purchase
produce and sell the finished product

Source: CIV.2017. “PNIA11"; CIV. 2018. "Cashew : The Ivorian government aims to process 50% of production by 2020* ; Ve R
AbidjanNet. 2016. "Agro-processing, a vitalleverto becoming an emerging economy "; W B National Accounts. 2018; & " WORLD BANKGROUP 147
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Across scales, incumbent technologies are well established while uptake
of solar is low, despite a growing interest

Typical products &

Degree of
uptake

State of play

Large-scale applications

7 No solar
b products
J operating at
| L >2MT/day
>2 MT/day
Grid/Diesel Solar

Common at the industrial level
where high volumes are processed
to meet demand in the export
market and the formal retail market

There are no solar products in the
market operating at >5MT/day, but
alternative energy plants, e.g.
biomass are under development

Small-scale applications

No solar
products
operating aft
1-2MT/day
1-2 MT/day
Grid/Diesel Solar

» Current grid/diesel-powered
solutions are based in cities, towns,
and peri-urban areas where
demand is high

» There are no solar products in
market operating at 2-5MT/day, but
there isinterest in using solar energy
to power processors to reduce
operational costs

Sources: Jeune Afrique. 2018.; RTl. 2018.; Dalberg analysis and interview s. 2018.

Micro-scale applications

Grid/Diesel Solar

Grid- and diesel-powered solutions
are common in small towns and
villages where demand is lower than
insmall fowns

Market-ready solar products are rare
on the market, though a few suppliers
have some in pilot

G
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Yandalux is an early mover while other existing equipment providers o
are yet to start supplying solar products ~7

Suppliers of solar products

Organization Operating model PULSE products & services Outlook
Yandalux Infegrated Product: Cassava mill; 50kg/h, Targeting women's groups whose main
(Manufacturer + price TBD after testing economic activity is processing cassava
distributor)
YANDALUX &= Services: Direct sales towomen'’s  Looking to move into other products, e.g. rice
) groups/co-ops hullers

Suppliers of grid and diesel-powered products

« Solar processing equipment israrely used on the Ivorian market despite significant agro-processing activity

» Suppliers of grid-/diesel-powered equipment may be interested in supplying solar equipment, but market demand and
affordability of solar equipment needs to be demonstrated to generate buy-in

+ Examples of othersuppliers are highlighted below:

Imports and sells a range of agro-processing Imports and supplies processing

equipment, e.q. oil presses, maize andrice su Ic equipment for cashew
mills, coffee grinders, etc.

Local artisans manufacture small scale

equipment, which are usually cheaper than
imports

Supplies equipment for processors of export \'N'IM
BOUCHARD ©OP* "
EXPORT ]

Sources: Company w ebsites. 2018; Dalberg analysis and inferviews. 2018. )
() T. WORLD BANKGROUP
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Cassava s a key market for agro-processing actors, as it is one of the 6
main staples in CIV supporting the livelihoods of 1.7M smallholders

1.7M Smallholder farmers

3.IM  Annual production in tons

5-year average
5.9%  annual production
growth rate

Cassava - Overview

At productionlevels of 3.1 million MTper annum,
Cote d'lvaireis self-sufficientin cassava
production

Smallholders produce over 90% of this, typically
grownon 0.5ha of land or less

Over 55% of cassava productionis processed,
with attiéké - fermented, granulated cassava —
being the most common one

Cassava is mostly transformed by small-scale
processors; 70% (~1 million) are fraditional
village units (family or informal associations), 25%
are semi-industrial (~357 140), and 5% industrial
(~71 430)

The high small-scale processing activity provides
opportunity for solar products to compete with
incumbents

Source: FAOSTAT. 2018; FHB University & CIRAD. 2018. "La chaine de valeur du manioc en Céte d'lvoire, 2017; Dalberg

analysis and interviews. 2018."
Note: 1) Consumptions varies based on different sources; CIV refers to Céte d'lvoire

@ T, WORLDBANKGROUP
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Transformation is the most energy-demanding process in the cassava
value chain; a few solar processing options are available in the market

Production Transport
> (i) IRRIGATION AND ( ) CHILLED TRANSPORT O
s MECHANIZATION
13 » lrrigation to increase Chilled storage to keep
8_ production/yields raw, unprocessed
2 « Solar fractors to improve cassava fresher forlonger
w efficiency of production - thisis uncommoniin .
) Coted’'lvoire
—]
: L]
a
Y
O
23
5 2
S o
S
(o]
0O
g
5 S 0.45-22kW 30-45kW 1-5kW
» Cassava is drought tolerant  « Mini vans and trucks are .
= > and is rain-fed, so irrigation used for transportation;
g S is uncommon transporters are mainly .
& -'3 * Production usually done by hired by collectors/traders
€0 women who are given a + Traders often get together
(K share of farmland by their to negotiate a transport .
S 8 husbands cost
O a

Transformation

GRINDERS, PRESSERS,
GRANULATORS, STOVES

Grinders to turmnit into paste —
grinding is a pre-requisite for
all other processes

Pressers to remove water and
granulators convert into grains

Dryers to further remove water

450W 11-15 W

Mostly tfransformed by
traditional village units
Grinders use diesel/grid.
Pressing and granulating are
done manually

Processing is dominated by
women, and often done in
groups/co-operatives

Sources: YesFoodCan. 2014. “Producteurs de manioc livrant I'unité DADTCO; Espaceagro. 2018; FHB University & CIRAD.
2017 "La chaine de valeur du manioc en Cote d'lvoire”; Dalberg analysis and interviews.2018.

G
LIGHTING_GLOBAL

Distribution &
Reftail

(§) DRYERs

» Dryers to dehydrate
the granules/ground
cassava to prolong
shelf life

100-200W

« Traders sell fresh attiéké
or other processed
products that are
bought for same-day
consumption or frozen
forlater use (due to
high spoilage)

WORLD BANKGROUP
R e e

\
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Grinding could provide an opportunity for entrepreneurs to address a large 6
market, while minimizing their operational costs

What are the incentives to invest? What are the constraints to uptake?

+ Cassava needs to be fransformed or consumed
almostimmediately post-harvest to avoid
spoilage, and demand for processed forms is high

At a cost of ~$1,750, solar grinders
are double the cost of diesel ones
Upfront costs (~$890), posing an affordability

« Grindingis usually provided as a service, and barrier
costs $10.7/MT

* Inrural areas, mobile diesel-run grinders are

common, they process ~2.5T/week and use 1L of % Mobile solar-powered grinders
diesel ($1.1) for ~150-500kg of cassava £ Limited battery use a battery that can run for 4
End users, offen women/women's groups in % running fime g?i:giEg:;ir\]/%rigijl:gTy?grefore
remote areas who use ground cassava to make = fotal revenues
attiéké or placali for sale and for consumption '8
Solar could provide benefits to customers by = o .
enabling more accessible services, with lower Mobile diesel-run grinders are
time and transport costs _ commoninrural areas, so
[ Mobility stationary solar grinders may
'g struggle to be competitivein
“We spend a lot of money on electricity. We o remote areas
could save a lot if we are able to cut that out of -
our costs” — Leader of cassava processing co- 2 Stationary grinders could increase
operdtive 2 Hiah operational costs for the service
k] 9 .er providerif customers expect them
g operational to collect/deliver produce to
costs compete with the mobile diesel

Source: FHB University & CIRAD. 2017 "La chaine de valeur du manioc en Coéte d’lvoire"; Dalberg analysis and interview s. 2018.
Note: 1) Assumes that most people inrural areas are in the low est quintile (20%)

grinders

@) ¥ WORLD BANKGROUP
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Solar grinders have lower capacity & revenue potential than diesel, P
output for mobile grinders is further constrained by battery run ~7

time

Annualrevenue from solar vs diesel (both mobile)

(annual revenuesin $)

+ The mobile solar grinder could also operate
as a stationary device, but islimited to
4h/day when mobile due to battery life

+ With a second battery, the mobile grinder
could match revenues of the stationary one,
or surpass them as mobility allows it fo
capture additional market

1,564
32
Max capacity
(MT/year) 59 146
Producttype  Mobile solar Mobile diesel
grinder grinder

Hourly capacity  50kg/h 50kg/h
Hours/day 4 8

Annualrevenue from solar vs diesel both stationary

(annual revenuesin $) 4,692

» The stationary solar grinder
has the same capacity as the
mobile solar grinder (50kg/h)

+ Capacity of the stationary

diesel grinder ranges from %
150kg/h up to 400kg/h @@

1264

118 438

Stationary Stationary
solar grinder diesel grinder
50kg/h 150kg/h
8 8

Note: subsequent analyses use the mobile solar grinder and factorin the
cost of a second battery for maximum utilization

Source: Dalberg analysis and interviews. 2018.
Not e: Charges for grinding are $10.71/MT

) *. WORLD BANK GROUP
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CUMULATIVE COSITS $

The upfront cost of solar is twice that of diesel, but solar becomes slightly 6
cheaper than diesel within approximately 3 years

Cumulative annual expenses over five years: solar vs. diesel (mobile)
US dollars ($)

Solar-powerea— Diesel-powered 2,566
2,600 A
2,400 ~
2,200 - 2,110
2000 - Diesel remains cheaper
’ for the first three years
1,800 -
1,600 ~
1,400 A
1.200 Cost of solar increases after
1’000 every third year due to
' Solar would break-even with a battery replacement costs
800 diesel alternative close to year
600 A 3 due to fuel costs for diesel
400
200
0
Year 1 Year 2 Year 3 Year 4 Year 5
Key assumptions:
Mobile solar-powered grinder Mobile diesel-powered grinder:
« Capacity: 50kg/h + Capacity: 50kg/h
« Product cost: $ 1,750 (2,366 if incl. financing) » Product cost: $ 893, (1,029 ifincl. financing)
+ Maintenance: $ 360 every three years* e Fuel costs: $ 1.1 per liter; 1 liter per 0.5T
* Annual operating days: 294 * Annual operating days: 365
 Utilization: 80%  Utilization: 80%

Source: Dalberg analysis and interviews. 2018. — e
Note: Assumes use of tw o batteriesto be able to operate at maximum capacity. . WORLD BANKGROUP 154
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Utilization rate is key for returns, the cost of a solar grinder would 6
need to drop ~40% to achieve two-year payback at 50% utilization

Two-year netoperatingincome by demand (MT/year):

X-axis =MT/year %; Y-axis: operating income in US dollars

Current product price 20% drop in price 40% drop in price

- Negative Positive ROl and payback period <= 2
ROI years

100% utilization = 762 1,235 1,708
146MT/year (8h/day for
365 annual days)

297 770
80% utilization (118MT/year) is
more likely to be achieved given
lower efficiency in rainy and
cloudy weather conditions
-1,740 -1,267 -794
Utilization

%) 20 30 40 50 60 70 80 90 100 20 30 40 50 60 70 80 90 100 20 30 40 50 60 70 80 20 100
19 months 15 months 11 months

5 a @ 100% utilization @ 100% utilization @ 100% utilization

<O

9 37 months 30 months 22 months

= o @ 50% utilization @ 50% utilization @ 50% utilization

WORLDBANKGROUP | {55

Source: Dalberg analysis and interviews. 2018. = \)
Not e: Product price ($1750, w ithout financing, $2366 w ith financing). Assumes the current/initial total cost of the grinder LIGHTI NG\\JGLOBAL ML i o
Catalyzing mockets for modem off 9nd enecgy . P

(including panel and battery) is $1750




Achieving a high but realistic utilization of 80% (118 MT/year) would
require serving 284 households (approximately an area of 4.5 sqg. km) 6

Minimum number of householdsto serve per year Coverage (area)required for commercial viability
118 MT of cassava/year 1,632 people/year
0.077MT/ person/year! 339 people/sg. km3
1,632 people/year ~4.5 sgq km

The coverage area could further be reduced if
the grinder serves an area with a high
5.4 people/household2 concenfration of women's co-operatives
involved in processing cassava - that can
provide high demand within a short radius

284 households

Note: 1) Annual per capita consumption is 140kg, of w hich at least 55% is processed forms. 2) Average household size in Cote
D'lvoire (ArcGlS). 3) Rural population density per sg. km of arable land (ArcGlIS). Gad * WORLD BANK GROUP
Source: FHB University & CIRAD. 2017 "La chaine de valeur du manioc en Cbte d'lvoire"; Dalberg analysis and interview s. 2018. LIGHTI NG\\’G LOBAL THE WORLD BANK | EC 156



Aside from lowering price, uptake can be boosted by targeting
mobile grinders to entrepreneurs & stationary ones to small 6

women’s co-ops

4
Ll
T
O w
z <
a2 O
%2
e
9 n
oz
Ooa
(3] Maximize daily revenue
W generating capacity
» Currently, the mobile grinder is limited in
processing capacity due to the short
discharge time of the battery
zZ
®) * Improving battery life would increase the
- q
< amount of revenue that can be earned daily,
<zt making it more economically viable
—
% + It would furtherreduce the need to buy an

additional battery, considering that product
cost may already be a barrier to purchase

Sources: USAID Investment Support Programme. 2017. “Cassava Value Chain Financing Analysis in Céte D'lvoire”; Dalberg

analysis and interviews. 2018.

High processing activity and
demand for grinders

Women's groups process up to 300-600 MT of
cassava/year, (3-5xthe maximum capacity of
asolar grinder 118MT/per year)

Smaller groups in more remote areas with lower
market access likely process smaller volumes,
and may be willing to invest in stationary
grinders (some groups already own diesel/grid-
run grinders)

Solar mobile grinders can be used by micro-
entrepreneurs to serve individuals or multiple
dispersed women's groups

\/,) *. WORLD BANK GROUP
LIGHTING _GLOBAL WO [EC
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COTE D’ IVOIRE MARKET DEEP DIVE

AGRO-PROCESSING (WITHRICE USECASE)



Rice is an important crop for the agro-processing market — it makes
up more than 60% of cereal production and 4% of agro-processing 6
GDP

Rice - Overview

2M Rice farmers
 Riceisthe most consumed cereal, and the 39 most

consumed food crop after yams and cassava

* Local production does not meet demand; annual
importstotal 1.2 MT to coverthe deficit

» Rice production consists of 80% rain-fed rice, 15%
1.9M Annual production in MT irrigatedrice, and 5% deepw aterrice

*  Maqjority of rice productionis processed by mills with
capacities of at most 1MT/hour:

Mill capacity/h # of mills % of rice milled
= 500k 1,672 47.9%
3 5-year average annual SRS &
% . 500kg - 1T 380 35.6%
production growth rate
1T - 8T 98 16.3%
5T 2 0.2%

+ Inanefforttoimprov e rice processing and marketing,
the government has installed 12 high capacity
processors (5T/h), with 18 to be added

«  Small-scale solar hullers/mills can bring processing
activities closer to farmers inremote areas

64% Share of rice in total
cereal production

Sources: FAOSTAT. 2018; Dalberg analysis and interviews. 2018; National Rice Office. 2018; Presse Coéte d'lvoire 2018. "Rice

Self-sufficiency: 30 industrial rice processing plants w ill be used”

Not e: Determined by the value of rice milling services recorded by mills over the value of agro-processing as a share of G

GDP (6.5% of GDP) @ - WORLD BANK GROUP
o ' LIGHTING GLOBAL oz G
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There are opportunities for increased mechanization across the

value chain, with transformation being the most energy intensive

stage

Production

{H) IRRIGATION PUMPS

Source: Dalberg analysis and interviews. 2018; CAPEC. 2009. "Evolution of Rice Production and Importsin CIV from 1965 to 2008".

>
= . . .
c * Irrigation to increase
2 production - due to
o communal irrigation using
& dams and high volumes of
o water used, pumps would
a need high power capacity
=
a ) |
T
>0
.a %
0 o
Qs S AN
S v iy
E E P L .,
3 € 0.45-22kW  30-45kW
o0
a “ . Gravity-fed irrigation s the
most common system used
= > for i -
C = orirrigated rice
§ E + lIrrigatedrice has the
g highest yields, but it is at
qc, ) least 2 times more
'§ o expensive to grow than
S rain-fed rice

Harvesting and
Transport

THRESHERS AND

®
DRYERS

Thresher to removerice .
from stalks cleanly and
efficiently

Dryers to reduce moisture
content before milling

100-200W

Non-mechanised methods
are used in threshing,
causing losses from rice
falling to the ground and
mixing with dirt

Rice is laid out and dried
directly under the sun .

Transformation

HULLING AND
POLISHING MILL

Mills to hull and whitenrice
with minimal to no breakage
and impurities

250-375W

Grid-powered mills are used
in peri-urban and urban

areas while diesel-powered
ones with capacities of 250-

400 kg/hour are used in areas
with limited access to the grid

Manual labour may be used
to de-husk, but thisis rare

®

G
LIGHTING_GLOBAL

Distribution &
Retail

N/A

* No strong PULSE
opportunityin
distribution

—

N/A

* Mills either buy paddy
(unmilled) or white (milled)
rice from famers and on
sell milledrice to
wholesalers, retailers or
consumers

+ Sale ofrice in the local
markets (outside of mills) is
dominated by women

WORLD BANKGROUP
THE WORLD BANK JEC e

S
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What are the incentives to invest?

Rice needs to be transformed or consumed
almostimmediately post-harvest before it
ferments and spoils

Demand for processing services is high — 95-98% of
farmers take theirrice to a mill for processing and
travel 2-7km to access a mill. A minority hull it
manually but thisisrare due to the tediousness of
the process

In some cases a co-op will fransport the rice and
charge the farmer $9-12/MT for transport
(average farmer yield is 0.5-17)

Entrepreneursin remote, off-grid areas can
acquire solar mills and generate revenue by
offering processing services closer to home
(market rate for milling is ~$ 53/MT)

Mills also earn money from selling whiterice (a
role played by many rice processors)

W hile not the direct investorin a mill, farmers
would benefit from reduced transport and time
costs

Solar mills can bring processing services closer to rice
farmers who would normally travel 2-7 km to mill their

.

What are the constraints to uptake?

Upfront costs

Milling capacity

Perceptions of
quality of rice
from small mills

Sources: Dalberg analysis and interviews. 2018; Aloko-Nguessan J. 2015. "The informal commercialisation of local rice in Gagnoa".

High cost of solar mills presents a significant
barrier. At $2,000-3,000, solar mills are ~4-6
times more costly than small diesel mills

Solar mills (40-70 kg/h) are slower than the
small diesel ones (200-400kg/h), As a result,
less revenue can be generated daily, and
waiting times will be longer and could
result in loss of customers, e.g. a farmer with
0.5T would wait 7-12h

Small diesel mills produce rice with high
debris/stone content as they lack the
cleaning compartment that larger mills
have. Due to their small size, solar mills may
be perceived as low quality, and need to
produce rice of similar quality to that of
small diesel mills to be competitive

@ * WORLD BANK GROUP
LIGHTING,_GLOBAL ‘
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Mills have two revenue sources, subsequent analysis anchors on

milling as a service as this is where discrepancies with alternatives

arise

Revenue source

Operational dynamics

Business implications for a solar product

S

Milling as a
service

Sale of
milled rice

The processor mills the farmer’s rice at
$53.5/MT

If the farmer doesn’t have the money to
pay for the service, the processor keeps
a share of the milled rice as payment

The farmer sells ~85-90% of the
processed rice to the mill and takes the
rest home for consumption, and may sell
some on the local market

The processor sells the milled rice to
wholesalers and retailers, making a
margin of ~$180/MT

Buyers may come to the mills, or mills
may transport rice to neighbouring
towns/clients

Source: Dalberg analysis and interviews. 2018.

A solar mill's main value proposition for
the customer (farmer) would be shorter
travel distance and lower transport
costs

If the mill is closer to the farmers, it can
capture some market share from diesel
mills, but would be further from
wholesalers and retailers, increasing the
cost of reaching better priced markets

While the mill makes a higher margin
per MT from selling rice than hulling,
subsequent analyses on commercial
viability focus on the provision of
hulling as a service as operational costs
when compared with diesel largely
arise out of the hulling services

£ )
LIGHTING_GLOBAL
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Solar hullers have lower revenue potential than diesel ones due
to lower processing capacity

Annualrevenue using a solar huller vs diesel

(annual revenues in $)
Current hullers have ~90%

| ition to having | K ; utilization, suggesting they
n addition to having lower peak processing are well sized for the market

capacity, the solar huller is only operational 31286
for 188 days and é6h/day compared to 243 !
days and 8h/day for diesel

Maximum annual
processing capacity 15,643
3,643
Solar huller Smallest diesel/grid 400kg/h
(60kg/h) huller (200kg/h) diesel/grid huller
Maximum MT/year 68 292 584
Maximum farmers served annually 75 294 648

* Moximum capacity is based on 8 month operations (humber of months when hulling activity is high)

+ Hulling is usually done a few days or weeks after harvest as hulled rice has low er spoilage rates when stored; high
processing performance is important after harvest when demand is high

Source: Dalberg analysis and interviews. 2018. =1 _ aiwouamon or
Not e: *Annual demand for small mills = % of market share mills of <500kg/h (47.9%*1.87M1) divided by number of mills w ith LIGHTIN G\%ELOB AL )ﬁ‘::t?ﬁ‘\:“'ésmup 163
capacity of <500kg/h (1672mills). Number of farmers is based on average yield of 0.9T/farmer. Conyain ks o modr o g ey



Even if the diesel huller serves the same demand as solar (68MT/year), solar oL
only breaks even with diesel at ~year 5

Cumulative expenses over five years: Solar vs. diesel

($, both machines operating at capacity of 68MT/year, Revenue/MT: $ 53.57 (market price)

4,000 1
Solar-powered 3,577
3,500 A — Diesel-powered
3,360
3,000 ~
2,500 +
2,000 A Solar only achieves break-even
with diesel close to year 5
1,500 ~
1,000 A
500 +
0
Year 1 Year 2 Year 3 Year 4 Year 5
Key assumptions:
Solar huller Diesel huller
*  Maximum annual capacity = 68MT *  Maximum annual capacity = 584MT
+ Product cost: $3,000 (4,056 with financing) +  Product cost:$536, (724 with financing)
«  Maintenance: $360 everythree years* » Fuel costs:$1.1 per liter; 1 liter per 0.13T
* Annual operating days: 188 * Annual operating days: 243

Source: Dalberg analysis and interviews. 2018. b

Not e: Maintenance cost is due to battery replacement LIGHTI NG\/ELOBAL I\, WORLD BANKGROUP 164
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A solar huller would need to increase annual processing capacity
from 68MT to 140MT to match viability of a diesel machine over 6
five years

Unit cost analysis of solar vs. diesel (averaged over 5 years)
$/MT, for a typical current price of $ 53.5/MT
3

°7

» Unit costs for solar are higher than those

five years would match those of diesel

» Currently, operating at this volume
would require 3 solar hullers
10 A

o5 | i for dieseleven at similar processing Solar
S : capacities — Diesel
! * Afdemandgreaterthan 68MT/ year, a
! second solar m achine is needed
20 4
| » If asolar huling enterprise could
15 | process ~140MT/year, unit costs over

Unit Costs ($/MT)

5 —
0 . . . . . . 1 Rice processed (MT)
50 100 150 200 250 300 350 400
Key assumptions:
Solar huller Diesel huller
e Maximum annual capacity= 68MT *  Maximum annual capacity= 584MT
« Product cost: $3,000 (4,056 with financing) «  Product cost:$536, (724 with financing)
« Maintenance: $360 everythree years* * Fuel costs:$1.1 per liter; 1 liter per0.13T
* Annual operating days: 188 * Annual operating days: 243

Source: Dalberg analysis and interviews. 2018. v WORLD BANKGROUP 165
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However, at current product costs, solar hullers operating at
50% utilization would still be able to pay back the product in

two years

Two-year net operating income by demand (MT/year):

(X-axis = MT/year %; Y-axis: operatingincomein $). Product price ($3000, without financing costs)

Current product price

- Negative ROI

5,318

100% utilization =87 MT/year
based on an 8-month hulling

period annually(243 days)
Utilization 2181

(%) 20 30 40 50 60 70 80 90 100

11 months
@ 100% utilization

21 months
@ 50% utilization

PAYBACK
PERIOD

Source: Dalberg analysis and interviews. 2018.

20% drop in price

40% drop in price

I:l Positive ROl and payback period <= 2 years

6,129

3.317

-1,370
20 30 40 50 60 70 80 90 100

10 months
@ 100% utilization

17 months
@ 50% utilization

Note: Assumes the current/initial total cost of the grinder (including panel and battery) is $3000

6,940

-559
20 30 40 50 60 70 80 90 100

7 months
@ 100% utilization

13 months
@ 50% utilization

@
LIGHTING _GLOBAL
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Aside from lowering the cost of the product, improving performance

and quality of output could help increase uptake

FACTORS TO STRENGTHEN

BUSINESS CASE

Increase processing
capacity

Currently, revenues from the
solar huller are limited due to the
low peak processing capacity

Increasing capacity would
increase the amount of revenue
that can be earned daily,
making it more economically
viable

It would also reduce loss of
customers who may choose to
travel further for faster services,
especially if they would have to
process theirrice over multiple
days at a solar processor

Source: Dalberg analysis and interviews.2018.

Target rice co-
operatives to support
distribufion

The government aims to
increase commercialization
of rice to meet the high and
growing national demand

This includes increasing
processing capacity and
improving farmer mobilization
through co-operatives

These co-ops could play a
key role in aggregating
farmers to support product
roll-out, but improving
processing capacity is crucial
for buy-in

.

O,

N

Refined product to ensure

high quality rice

Small mills usually lack the
cleaning compartment that
removes impurities —
incorporating thisinto a solar
product would help boost the
reputation of solar mills

Since mills are directly
involved in marketing rice, a
processor that provides
higher quality would have
better market access and
prices

Higher quality is also more
likely to incentivize support
from co-operatives

WORLD BANKGROUP
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COTE D’ IVOIRE MARKET DEEP DIVE

COLD STORAGE (WITHFISHERIES USE CASE)



Post-harvest losses in Cote d’Ivoire are mainly due to lack of
adequate cold storage facilities/cold chain 1&1

Cold storage needs in Cote d’lvoire Current supply & coverage

An overview of cold storage across four value chains with highly
perishable produceis provided below:

* lackof adequate transport, storage, and « Players in the formal value chain use large scale
preservation facilities in production regions cold rooms and refrigeration facilities
are the main reason for post-harvest loss Fish

* Ininformal channels, vendors with ice machines
+ Coldstorage could help reduce losses in supply ice to fishermen & traders

fishery and horticulture where major post-
harvest losses are registered*:

» Fish: 30-50% of produce lost

+ High need, particularly for SHFs at farm level

' Horficulture + However, uptake islow, and some development
* Fruit: 20-40% of produce lost partners are starting to target small-scale actors with

+ Many formal and informal suppliers meet technologies on a shared basis

the urban household demand for cold

sforage, however agribusiness demand is « Raw cassava is processed quickly before it
met mainly for formal refailers, importers spoils, and processed forms are frozen in urban
and exporters Cassava households to prolong the shelf life and are

+ The majority of small-scale producers consumed immediately inrural households

serving local markets lack access to cold

storage facilities, particularly in rural areas
+ Spoilage is poorly quantified and likelyreceives

. little attention due to high imports (88% of milk is
Dairy imported) through formal channels (with cold
storage) & transformed

Source: CNRA. 2018. “Programme conservation et transformation des produits agricoles"; CTA and ISF. 2016. “Cassava
production and processing”; KoffiY. F. 2018. “Ananas: Alterations et Moyens de Lutte"; Dalberg analysis and interviews.2018. \ * WORLD BANK GROUP
Not e: These are overall losses. There is limited research on the ex act contribution of cold storage to losses LIGHTING GLOBAL THE WORLD BANK | EC
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Small- and micro-scale solar cold storage solutions
are gaining traction in rural areas, but costs remain
prohibitive

Typical products &
capacity

uptake

Degree of

State of play

Medium-scale applications

>2000 L

Grid Solar

Large-scale grid systems, such as
cold rooms, are in use, but are
limited to commercial fish and
meat importers and fruit exporters

Medium

There are no large-scale solar
players, but development partners
are exploring solar options for
agriculture VCs

Small-scale applications

201 - 2000 L

Solar

Commercial retailers and wholesalers
use small-scale grid solutions. In the fish
sector, bulk traders rent out freezer
space to smaller traders

Grid

Medium

There are a limited number of small-
scale, solar cold solution suppliers, they
largely target rural small-scale retailers &
households, though affordability is a
challenge

Sources: IFAD. 2017 “PADFA"; AMSCO. 2018; Dalberg analysis and interviews. 2018.

Very small-scale applications

<200 L

Grid Solar

Many formal and informal electronic
appliance suppliers offer household
fridges/freezers that are not
specifically designed for the
agriculture space

Medium

Solar household cold storage and
retail solutions have started to
penetrate the SHS market, with
suppliers offering arange of solar
products as opposed to specializing
in solar cold storage

WORLD BANK GROUP
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There are a growing number of suppliersin the market, often includingcooling

alongside other consumptive/productive use products

Organization

Yandalux

Operating model

PULSE products & services

Product: Fridges, <200L, ~$2,300

Outlook

Supplied small scale cold storage solutions
but halted imports after experiencing

Integrated uality challenges
(Manufacturer + Services: Sell household products, g Y 9
Distributor) Sﬁilngmr;g;Uncofls‘reshng market-relevant Also supply other solar products: pumps,
P grinders, and tricycles
Target rural communities to provide both
Product: Fridges, <200L, ~$4,800 household and retail fridges and freezers
Distributor Services: Sell and install household, retail, Also supply SHSS. oqd pUMPS, work with
and agriculture products farmers to provide input finance and
market access, so as to promote uptake of
puMps
HACH .
/HICOM Product: Freezers/ fridges, 50L — 500L,
Integrated ~$895 - 8950 .
(Manufacturer + Currently supporting government efforts
Distributor) Services: Sell household and business solar and seeking fo expand fo otherrenewable

Ficom

solutions; convert energy for households
and businesses from electricity to solar

energies

Other solar
players

APHELION

Provides household, business
and industrial solar solutions,
including household and

medical refrigeration STATION

Offers a range of household and
business products for remote, off-grid
populations. Solar solutions include
SHS, kiosks, pumps, cold storage

W, STATION-ENERGY.COM

Sources: Dalberg analysis and interviews.2018; Company w ebsites. 2018.
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The fishing sector is attractiveto suppliersdue to the high spoilage
rates (+30%) and potential consumer base (70,000 directly engaged)

82,800
MT

Annuallocal production

70 000 Number of people employed
directly

Share of population supported
27 by the fishing sector

Fisheries - Overview

Annual consumption is 388,700 MT (i.e. 17 kg per
capita), of which 12% is satisfied by local
production and 88% is imported

The 82,800 MT of annual local fish production
comyprises 73% artisanal fishing, 22% industrial
fishing, and 5% aquaculture. Inland and lagoon
fishers, and sea fishers contribute equally to the
national production

The sector directly employs 70 000 people, of
whom ~32,000 are fishermen and the rest are
fraders and processors

98% of domestic and imported fish are fraded
on the informal market; 39% of total fish is
consumed fresh

The sector has spoilage rates of 30-50%, largely
driven by alack of cold storage facilities;
smoking is the most common method of
preservation used toreduce losses

Sources: CIV & UEMOA. 2016. "Inland and Lagoon Fishing in Céte d'lvoire”; CIV & UEMOA. 2016. "Offshore Fishing in Cote
d'lvoire"; CIV. 2017. “Fishery Division"; FAO. 2008. "General Overview of Fishery Sectorin Céte d'lvoire"; Dalberg analysis and

interviews. 2018.
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While there is an array of opportunities for PULSE products across
the value chain, cooling addresses the most pressing challenges

Power capacity of

Current small
scale activity

PULSE opportunity

sample products

@ SOLAR AERATORS

Production
FISHING LIGHTS AND

« Fishing lights to increase y
visibility while at sea
» Solar aerators to tfransfer

and circulate oxygen in
fish ponds

0.8-1W 1.5-17W

+ Liftle night fishing, but fishers
may use torches

« Fish farmers use
electric/diesel aeratorsto
circulate airin ponds

« Fishing is dominated by
men, but their trips are at
times financed by bulk
traders (mostly women)

Source: Dalberg analysis and interviews. 2018.

(“) COLD TRANSPORT

Collection &
Transport

Cold chain transport to
reduce spoilage in
transit, e.g. when being
fransported from coastal
areas further inland

1-5kW

Commercial traders
have refrigerated trucks
to transport cross-country

Smaller bulk traders
distributing inland use
non-refrigerated vehicles
from major fowns to
more rural areas

Transformation

@ OVENS

Ovens to smoke fish —
current approaches
use wood/charcoal to
heat, and a solar-
powered motorto
distribute heat evenly

100-200W

Traders smoke fish using
charcoal and firewood.
A few solar-coal hybrid
ovens are being tested
by a local supplier

Smoking is dominated by
women, and poses
serious health risks for
them

G
LIGHTING _GLOBAL
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Distribution & Retail

REFRIGERATION,
FREEZING, ICE MAKER
Freezers/fridges and
ice makers to allow
bulk tfraders and
market vendors to store
fresh and smoked fish

40-200W

Bulk traders of fresh fish
use old, non-functional
freezers, which they fill
with crushed ice

Smaller market traders
use coolers filled with
ice at trading points
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Cooling canincrease fish traders’ incomes by reducing quality losses &

and allowing them to capitalize on the demand for fresh fish

What are the incentives to invest?

« Fresh fish, once captured, spoils easily and needs to
be kept in cold storage until consumed or
processed

« Fishermen store their catch in boxes with ice while
out at sea and offload fish as soon as they land;
bulk traders are often located at coastal and
inland landing sites and have easier access to ice
than market vendors

+ Market vendors are prioritized as a target segment;
they have the fish the longest, and experience the
highest losses. Value add is:

* Increasing volume of fish available for sale by
eliminating spoilage

* Reducing proportion of fish sold at lower prices
due to fear of spoilage

» Decreasing operational costs of daily ice

» Serving latent/unmet demand for fresh fish

What are the constraints to uptake?

Upfront costs

Product
design
(mobility)

The smallest (~20L) solar coolers
sufficient for market tfrader volumes
cost ~§400, compared to the
cooler boxes currently used by
tfraders which cost ~$45

Current solutions have not been
specifically designed for the
realities of market traders; who
need portable cold storage that
can be caried to and from the
market daily. Existing products
are bulky, orif mobile, are
designed largely to be
tfransported by carand not
carried by hand

“"Some people prefer smoked fish to fresh fish. Often smoking happens because people can’t keep the fish fresh for a long
fime. Some will buy ice, butin rural areas even iceis scarce” - Fish trader

Source: Dalberg analysis and inferviews. 2018.
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Fish traders using purchased ice could achieve up to a 21% boost by switching to solar; &

being highest for those with low access to ice

Annual revenue selling chilled vs. unchilled fresh fish — for a sample frader @ 15kg/week

(annualrevenuesin $)
No chilling / freezing With chilling - Smoked

21% increase in revenue

7 ‘ 3,197
@ 2,417

2,127

1,376 1,376 1376

Ice chilling Solar chilling Smoking

* Revenuesfrom usingice are lower compared to solar freezing, as with ice a
proportion of the fish is sold at lower prices due to inability fo chill overnight!

+ Solar chiling would be most atftractive in remote areas where access toice is
low (no grid power for ice vendors to produce ice)

Source: Fishery Division, Cote D'lvoire; Dalberg analysis and interviews. 2018

Note: 1) Throw aw ay prices for fishcan be as much as 50% low er due to decreasing quality and market saturation. This analysis
assumes that under ice chilling ~40% of the fish stock is sold at 30% low er prices). 2) Margins are similar w hensmoked fish is
purchased smoked from w holesalers for retail, but could be higher for smoked fish w hen an individual retailers purchase fresh
fish, and then smoke it themselves

LIGHTING

Some traders specialize in
either fresh or smoked fish,
otherssell both, to serve
demand for both types

Pricesfor smoked fish are
higher than for fresh fish,
(~$4.1/kg, vs $~3.1/kg) but
margins are similar (~$1/kg)?

While more av ailable solar
chiling willincentivise
traders to store fish to sell
fresh, alarge segment of the
market prefers smoked fish,
which fraders will continue
to supply, in part because
the prices for smoked fish
are higher
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However, at more than 10x the initial cost of traditional cooler g
boxes, use of the solar freezer only breaks even with ice at five years

Cumulative product and operating costs for solar freezer vs. a cooler box + daily ice purchase

($)
— Daily ice
1,200 - The increase in cost between year purchase _
1 and 2is higher than in other Solar

1,100 7 years for the solar chiller due to

1,000 - two-year financing costs*
@ 900 -
2 800
8
O 700 +
w 600
> -
- 500 - Costs of daily ice purchases
< assume full availability of ice,
=) 400 A which in remote areasis unlikely
=
o 300 A
O

200
100 A
0
Year 1 Year 2 Year 3 Year 4 Year 5

Key assumptions:

Solar powered freezer Plastic cooler box

+ Capacity: 20L » Capacity: 25L (current product used in the market)

» Product cost: $ 603 (with financing costs) * Product cost: $ 45 (no financing)

* Maintenance: $ 92/year (batteries)

Source: Dalberg analysis and interviews. 2018.
Note: 1) The reference product is currently not available in the market. 2) Traders w ill likely need financing to afford chillers,
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A trader would need at least 50% utilization (30kg/week stored fish) g

to pay back within a year, assuming some spoilage remains

Two-year return on investment smaill solar chiller with varying utilization

X-axis = Volume traded (L); Y-axis: operatingincomein $, current product price = $603 ($815 with financing costs)

- Negative ROI Positive ROl and payback period <= 2 years

Capacity (L) 20 302%
Wattage 46

Net weight 13

(Kg)

Price ($) 603 101% I I
— IJ

Weekly -

TWO-YEAR ROI

volume
Traded 6 12 18 24 30 36 42 48 54 60
(L)
5o
2 o) 30 months 12 months 6 months
g E 20% Utilization 50% Utilization 100% Utilization*
< O
o.

Solar freezers pose mobility challenges due to their weight. At 13kg, the small freezer is still bulky
— a smaller/lighter product would better suit more mobile traders dealing in small volumes

Source: Dalberg analysis and interviews. 2018. [A;)
Not e: 100% utilization = 60kg per w eek, based on freezer capacity of 20kg and 3 tfrading days a w eek, assume conservative LIGHTIN G\_/'G LOBAL
assumption that chilling halves losses (16% losses remain) and same priced sales as chilling w ithice Cosbaing markes o madoms ofignd ey
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Product uptake could be improved by targeting traders with higher &
spoilage, higher financial losses, and by making the product lighter

P4
LLl
=Y
O«
E O
2 v
549 Target fraders
O Z in rural, inland areas
o3
L
O
O | ]
<
L
» Coastal areas have higher
access to ice due to
accessible grid power, and
strong incentive for ice vendors
Cz) to invest since the volume of
= fish per given area is higher
< .
2 * Access toice inrural areas
< furtherinland is lower than
X coastal areas, due 1o the
w limited grid power

» Traders inland may be more
willing to invest in a solar chiller
asice is not an opftion

Source: Dalberg analysis and interviews. 2018.

Target fish fraders trading in
higher value fish

« Traders supplying high value
fish experience higher financial
losses per kg when fish spails,
compared to one dealingin
lower value fish

« These traders have higher
incentive toinvestin cold
storage to reduce theirlosses

Refine the product for
lighter weight

Cooler boxes that traders use
to carmry their catch to and from
the market daily weigh 1-3kg,
while the smallest freezer
weighs 13kg

This makes it difficult to
fransport by foot, and would
require higher transport costs fo
use a taxi, motorbike/bicycle

A lighter product could
increase the value proposition
as it wouldn'tincrease
operational costs

) *. WORLD BANK GROUP
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COTE D’ IVOIRE MARKET DEEP DIVE

IRRIGATION (SNAPSHOT)



98% of Cote d’Ivoire’s cultivated land is not irrigated, but use of ‘
irrigation is increasing, especially in horticulture

Agricultural land under irrigation

Agriculturalland under —» 20.5M ha
permanent cultivation ~0.4%

—2.0%

Equipped forirrigation

Irigable land
(planned forirrigation) 97.7%
irrigation

Share of irrigatedland use

Small farms

65.0%

Industrial farms

Sources: FAO Aquastat. 2015. “2005 Survey Irrigation Figures in Africa™; IWMI. 2010. “Irrigationin W est Africa (W orkshop report)”; \\/)

Dalberg analysis and inferview s. 2018.

State of irrigationin Coéte d’lvoire

Due to fairly constant rainfall (1,300mm annudally),
pressure for irigation is reduced and almost all
cultivation is rain-fed only, which limits yields

However, imigation usage is increasing, particularly in
horticulture, to facilitate year-long production and to
manage timing of water supply

Cobte d'lvoire’s irigable land stands at 475,000 ha of
which 72,750 ha are equipped foririgation underten
large dam-fed schemes

65% of irrigated land is used by industrial farmers,
comprising mostly of rice, sugar cane, and industrial
banana and pineapple farms

The government is pilofing the development of
10,000 ha of land for lowland irrigation. It also
acknowledges the importance of climate change
impacts on waterresources and agriculture
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A range of solar water pump suppliers has emerged to meet

the growing demand and compete with existing diesel pump

suppliers
Organization ’azzrec:hng PULSE Products & Services Approach & Outlook
Conergies Group | Distributor | Product: Solarpumpingkits and spare parts Supplying households and businesses
Services: Design, size, and install integrated across W est Africa with energy efficiency
et irigation solar pumping systems solutions
Hydrausolar Distributor | Product: Solar panels, regulators, batteries, W orks with agricultural cooperatives, local
lamps, kits, pumps communities, NGOs, and international
;}\‘ Services: Evaluations, and installations of solar | organizations toincrease access to
HYDRAU and non-solarirrigation systems drinking water, electricity, sanitation
AD Solar Distributor | Product: Lorentz solar pumps W orking with development partners to
e Services: Evaluation andinstallation of solar install water pump solutions
' pump systems
LEDAK Distributor | Product: Solar pumpsranging from $ 530-1430. | Support SHF with input finance and training
Also supply SHS and solar cold storage on farming techniques, toincrease their
Services: Installing pumps and fraining of income up so they can afford solar pumps.
apprentices to become solar fechnicians Aims to be a solar product manufacturer
APB-Energy Distributor | Product: Solar pumps for household and W orksin Africa and France, provides solar
irigation purposes pumps for a range of household and
Service: A wide range of solar electrification agricultural uses
installations forremote areas
Yandalux Distributor | Product: Solar pumps for SHF with 1-2 ha farms; | Innovatorlooking to supply products
™ pumps cost ~$ 360-2000 tailored for the local market. Currently
YANDALUX @ Services: Supplying and installing a range of targeting horticulture farmers for irrigation

solar-powered solutions

Sources: Company websites.2018; Dalberg analysis and interviews.2018.
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COTE D’ IVOIRE MARKET DEEP DIVE

POLICY ENVIRONMENT



Few incentives for solar products exist, with suppliers awaiting
government clarification on broader policy issues on solar

equipment

» The only existing fiscal incentive specifically geared at solar

products is areduction in VAT from 18% to 9% on solar
panels in 2008

» Agriculture equipment can be exempted from import duty,

but approval from the Ministry of Agriculture must be
obtained before importation

» AfDB is helping the government to clarify its solar policies —
the opaque regulations have caused confusion among
developers and product suppliers alike on the
government's position on certain taxes, as well as other
factors such as geographical restrictions

Parameter Solar Diesel/Grid Agriculture
Equipment Products Equipment
0%! (0-35%) 0-35% 0%2 (0-35%)
Import 1% statistical levies
duty
0.5% community levy
VAT 9% (panels) 18% 18%
Sulbsidies None None None
Incentives None None None

Energy & Solar

In 2014, the government adopted a new Electricity Code that
recognises the role of renewable energyin the energy mix

The Code requires developers to sell excess power to the CIE,
but forbids direct sales to consumers, and restricts mini-grid
development by private actors to limited areas

Additionally, a policy under discussion seeks to restrict
geographical distribution of SHS by suppliers, in a bid to push
them to address needs in underserved regions

These restrictions will limitthe potential of SHS suppliers and
mini-grid developers to scale PULSE solufions

Agriculture

The revised National Program for Agricultural Investment
(PNIA) recognizes the role of renewable energy for storage to
reduce post-harvestloss and for small-scale processing

The PNIAis supported by several agriculture related ministries,
providing multiple channels to elevate PULSE in government

Co-ordination/Cross-sector

The ECOWAS Centre for Renewable Energy and Energy
Efficiency supports ECOW AS countries to align on a regional
renewable energy policy as well as developing national
policies

It also organizes renewable energy forum for actors from
different sectors; these forums are a potential avenue toraise
the profile of the PULSE agenda in agriculture regionally

Sources: PWC. 2018. “"Coéte d'lvoire Corporate — Other taxes™; OBG. 2018. "Céte d'lvoire Energy”; Tax Division, General Tax =

Code. 2018; Dalberg analysis and interviews.2018.

Note: 1) 0% duty on solar panels. 2) The Ministry of Agriculture provides exemptions on imports of agricultural equipment,

the exemption letter must be sought before importation, otherw ise duty is charged.
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7

WHAT NEXT FOR THE PULSE MARKET?

SECTION EIGHT




Across SSA several constraints to scaling PULSE exist, they are likely
to need a range of energy and agricultural expertise to unlock

Energy - oriented Agriculture - oriented
Constraints that may need energy Constraints that may need agriculture

sector expertise to solve sector expertise to solve
o ‘ Upfront investment costs . VC structure and aggregation points
c
g C Lack of precedents
O]
()] - .

D [Insufficient investment Capacity building of

in R&D activities/ quality of ‘ Distribution challenges F SHF/rural
> products microenterprises
oY G Limited tailored product
o design in PULSE use cases
=2 | Poormarket
v . linkages for SHF
H Limited post-sales support ilseg)
Lack of policy support
o J  targeting PULSE
c
= Lack of co-ordination at
Q L. . . Country-level L. . .
O Limited financing for local PULSE Limited financing for
|.|=.| innovators users especially SHF
Severity of constraint: - High Medium Low

Note:SHFrefers to Smallholder farmers; VC refers to Value chain e
() *. WORLD BANK GROUP 185
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There are two fundamental challenges that are likely to be
persistent in the medium term, which will constrain pico-PULSE

uptake

« Agricultural value chains have differing value chain
dynamics around aggregation

« This affects the underlying need for labor-saving
machinery at a rural level, and hence the viability of
small-scale PULSE. Three scenarios exist:

» Scenario 1- PULSE products have the potential to
add value at an individual level. Example: Solar
water pumps for horticulture in Kenya

+ Scenario 2-To be cost effective, PULSE products
require further aggregation that it not yet present in
the market. Example: milk chillersin Zimbabwe

« Scenario 3 -The optimal value additionis at a much
larger scale than a micro-PULSE solution. Example:
rice hulling/milling in Céte d’lvoire

Where there is potential demand for off-grid
productive use activities, PULSE products must out
compete diesel alternatives. This hinges on utilization
rates, system sizing, and the nature of power
demand

Dynamic 1 - Non time-critical, regular energy
demand. Example:irigation economics tend to
outstrip diesel where pumping can be used at any
time through the day and the daily load curve is flat

Dynamic 2 - Non time-critical, lumpy energy
demand. Example: agro-processing where energy is
needed in sharp short bursts. In these cases diesel
continuesto provide optimal solutions

Dynamic 2 - Time-critical, lumpy energy demand.
Example: cooling & refrigeration where surges in
power are needed to bring temperatures down that
then increase the size of panels/batteries, but
benefits of diesel are less clear

G *. WORLD BANK GROUP
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There are 8 areas in which governments, development partners, and
private sector can partner to help build the market for PULSE

products

Demand generation/aggregation

Support to selected value chain aggregators

through technical assistance (TA) and finance to
extend PULSE products to farmer groups

Access to finance

Patient capital, seed capital, working capital and
grants to support set-up, growth and scaling

Quality assurance

Develop minimum product standards, especially for
emerging DC appliances and service levels for post-
sales support

Consumer education

Work with existing value chain actors and donors to
expand the awareness of solar products, focused on
emergent products

Technology & innovation

Technical assistance and investment to support
technology upgrading and skKills transfer

Business development support
Work alongside PULSE innovators to provide business
management, market entryand growth strategy
advice

Market intelligence
Develop detailed use cases across a range of
products, provide annual PULSE surveys and market
analysis

Policy development

Policy papers, research, and lobbying to enhance
regulatory environment atinterface between off-grid
and agriculture

Note:VC refersto Value chain; Areas 1-4 are expanded upon in the followingsection, giventhe

specificity of the needs presentedfromthe PULSE product use cases
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Demand generation/aggregation: unlike household energy use, PULSE in
agriculture will require value chain engagement to scale

« Alignment with ag partners - Partnerships with value chain actors and donors who have detailed
M value chain knowledge and active programs to help target potential users at different stages
(input provision, extension services/training, and market access/point of sale)

» System and business model piloting - Proof of concepts must highlight the incentives and value
added of PULSE products in ferms of 1) helping achieve intended impact but, also, 2) improving

Types of SHF purchasing power for theirinputs/other products, etc., 3) ability of solutions to scale
interventions which - Target commercial off-taker - Collaborate with off-takers who aggregate produce, e.g. dairy co-
can move the operatives, horticultural exporters at point of purchase to leverage the network of SHFs they have
needle for distribution. They have an interest inimproving farmer productivity to meet market demand for

produce and so would make natural partners

+ Co-operative capacity building - Building capacity of co-operatives and farmer organizations to
offer training on use of PULSE products

Whatis required

‘ + Off-takers and other value chain actors must receive commensurate value to engage with suppliers e.g.
reduced burden of post sales support, clear pathway for higher revenues etc.

+ Ensure localization of PULSE through establishment of service capabilities, parts and skills fraining

» Key risks include role definition in partnerships (workload) and branding — the co-op, off-taker, other org can be
negatively affected if product is sold under their brand/endorsement and malfunctions or has poor post-sales
support

* Mitigation strategies include clear delineation of responsibilities, alignment on branding and who bears cost of
what

\/,) *. WORLD BANK GROUP
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Technology & innovation: given the low levels of maturity, there
is still need for soft capital/technology transfer to make products
viable

. Technical assistance - Technical assistance and direct support to PULSE innovators to refine
products and test in selected value chains

. Distribution linkages - Linking PULSE innovators and existing PAYG/SHS providers with agricultural
value chain expertise/partners to co-create solutions and business models

Types of
interventions which
can move the

. Technology and innovation grants - Grant windows and competitions to address particular
sector/agricultural value chain limitations, e.g. dairy spoilage at pico-scale. Based on initial
country-level use cases

needle

. Technology transfer - encouraging collaboration between organizations. Noting that this may be
challenging when navigating commercial interests and intellectual property (IP) protections

. Product design support - As seen in the use case analysis, products are not always tailored for
particular crop/value chain applications. Recurring design issues include a) system sizing and
modularity, b) mobility and weight, c) processing quality and capacity requirements

What is required
I + Targeting/additionality: Critical will be in basing technology and innovation in sectors that will not move, without
intervention, i.e. the most immature markets/PULSE products

» Product launch: Research and piloting will need to be geared to product launch and sustainable commercially-
driven scale up

« Key risks include: Challenge to maintain incentives to invest while considering commercial inferests and IP
protections

» Partner appetite: There are several market dynamics that push larger NMCs to focus on higher value, easier-to-
reach segments within existing manufacturing capacities
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Access to finance: given relatively higher costs of PULSE assets (vs.
SHS), the financing challenge is even greater and needs new models

2

[e]

Types of
interventions which
can move the
needle

User targeting - Instruments will need to be designed to target particular user types to increase
their ability fo afford PULSE products, these could include: 1) individual producers, 2) co-operatives
purchasing for shared use, and 3) micro-enterprise purchase to operate as a service

Models supported - Inferventions could support several models including scaling up a) PAYG
models into the PULSE space, which will require higher levels of credit per sale and longer dated
repayment and b) leasing models, for example for pumps, because farmers don't irrigate year
round

Risk instruments - Risk mitigation for domestic Fls - guarantees and sub-ordinated debt to help
reduce risks for commercial banks and MFIs as technologies prove at scale. Guarantees could
include third-party actors such as off-takers who will stand to gain from PULSE interventions

Debt instruments - Credit lines for domestic Fls to start productive energy use windows. Support
financing from impact investors (SHF loans), e.g. Kiva — suppliers will likely need to work with value
chain actors to meet reporting requirements

What is required

Additionality: interventions need to be sure to target products, user groups or crops where financing is not
already fully available, or where partially available will have the effect of crowding in further capital

Key risks include: Guarantees don't always result inincreased lending once they end, banks just use them to
cover risks but not willing to take therisk on the borrower after that

Mitigation strategies include Off-taker arrangements — better long-term solution than guarantees because
farmer income is guaranteed
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Business support: PULSE innovators require support in
developing business models while micro-enterprises need basic

business skills

(4 Market-entry/growth strategies — Supporting early-stage companies to refine their business models as
they grow, including a) market analysis, b) business planning, c) financial analysis, and d) tax/legal
support to set them up to receive additional investment for domestic or foreign investors
Distribution strategies — Specifically, PULSE providers face distribution challenges as they scale and

Types of need support in a) identifying channel partners, b) defining logistical needs, ¢) where there is a need
interventions to adapt distribution strategies, d) defining pre and post-sale services, and e) commercial &
. operational terms
which can P
move the Delivery approach — The aboveinterventions could be delivered through a) institutional/education
partners, b) standalone targeted business incubators/accelerators, c) components within agriculture
needle sector donor programs
Micro-enterprise support — Basic financial mgmt. and business mgmt. support for rural entrepreneurs
purchasing PULSE products to start operations as micro-enterprises
Whatis required
I » Targeted activity to support where private sector organization cannot allocate their own resources
» If functioning as an incubator, the platform is used to take a commercial position and recover costs from

enterprises
+ Clear exit strategy for firms (and investments where made)

+ Key risks: 1) BDS support does not lead to organization growth or furtherinvestment, 2) support crowds out
private sector intervention or resources

+ Mitigation strategies: 1) Very targeted application process, 2) regular engagement with potential investors, 3)
skinin the game from applicants
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The intervention mix will vary depending on the PULSE use case, though some
aspects will be the same across use cases™

Irrigation
\"i
i )

Cold storage
1|

Milling/threshing

&

Milk chilling
-

w)

Drying

'@1
b A

Demand generation
& aggregation

Demand generationand
aggregationmainly needed to
secure investment cases and
reduce perceived creditrisk.

W orking with off-takers willbe key to
ensure additional produce sale

Highest impact likelyto be in
supporting off-taker/processor
aggregationmodels given
technology limitafions for small
scale solufions

Aggregationalreadyoccurs at mid-
scale agro-processors.However,
further work isrequired to establish
business models to disrupt more
remote non-aggregated systems

Co-ops/milk collection hubs actas
natural aggregation points, but
innov ative models targeting e.g.
villages where farmers continue to
market milk informally

Largely done individually but
opportunity to aggregate based on
proximityto other farmers, if not,
products are likelytohave toolow
utilization

Technology
& innovation

Progress has already been made,
but future R&D should prioritize
qualityimprovement & system
modularity to improve farmer ability
to expandland under irrigation
progressively

Focus should be on reducing costs
toimprov e uptake by medium
scale aggregators. And product
design to overcome VC-specific
requirements

Improvements neededon
increasing peak processing
capacity and mobility toincrease
viability by allowing solar products
tobetter compete withincumbents

Focus on developing and
optlimizing technology on micro
scale operations (<10-15L/day)
where the bulk of SHF fall

Few affordable commercial models
in the market; future development
should looktoreduce costs and
commercialize/scale existing
solufions foserve SHF

Consumer awareness
& education

Prioritize training on technical
requirements needed to maximize
returns e.g. on good agricultural
practices, appropriate pump
selection, downstream market
accessetc.

Needs to focus on availability of
solufions where present, and
involve aggregatorsineducation
on premium pricing for quality
where they offer this

Littlerole foreducationto SHFs as
they choose based on pricing and
convenience, educationcan be
focused on potential entrepreneurs
and communicate long term
savings

Value proposifion is already quite
clearonreducing spoilage - likely
needed on price premium where
av ailable and more marketing to
accompanying productroll-out

Value propositionis already quite
clearon reducing spoilage,
whether for household
consumptionor for sale.Education
likelyneeds to focus more on
marketing

Source: Dalberg analysis and interviews. 2018. -
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Two success factors for PULSE interventions are i) engaging both energy
and agriculture actors and ii) seeing the solution space as a spectrum

L =

Energy and Agriculture Seeing solutions space
collaboration as a spectrum
«  Constraints are concentrated around either *  Use cases have highlighted that PULSE product
supply-side energy sector expertise and maturity, uptake and operational requirements
demand side agricultural sector expertise vary at different scales
«  Agricultural value chainissues intertwine with + They have also shown that optimal energy
energy access issues demand will need to match the aggregation

dynamics of a given agricultural value chain
. Energy and energy practitioners need to work

together to break these constraints down . In many cases the most commercially
viable/optimal PULSE product is a larger unit

with either shared or aggregated use

These issues will require integrated programming and organizational collaborations to identify where
small-scale solutions are most applicable or where larger investments are needed to boost productivity
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Disclaimer

The conclusions and judgments contained in this report should not be attributed to, and, do not
necessarily represent the views of, IFC or its Board of Directors, or the World Bank or its Executive
Directors, or the countries they represent. IFC and the World Bank do not guarantee the accuracy
of the data in this publication and accept no responsibility for any consequences of their use. The
information contained in this publication is derived from carefully selected sources thatare
believed to be reasonable. IFC and the World Bank do not guarantee its accuracy or completeness
and nothing in this document shall be construed to be a representation of such a guarantee. Any
opinions expressed reflect the current judgement of the author of the relevant article or features,
and does not necessarily reflect the opinion of IFC or the World Bank. The opinions presented are
subject to change without notice. IFC or the World Bank accept no responsibility for any liability

arising from the use of this document or its contents.

G *. WORLD BANK GROUP
LIGHTIN G::?i LOBAL S e 194



	Default Section
	Slide 1: The Market Opportunity for Productive Use Leveraging Solar Energy (PULSE) in Sub-Saharan Africa
	Slide 2: Table of Contents

	Executive summary
	Slide 3
	Slide 4: The context and scope of this study
	Slide 5: Insights and Findings (1/10) Key takeaways
	Slide 6: Insights and Findings (2/10) Key takeaways
	Slide 7: Insights and Findings (3/10) Country nuances
	Slide 8: Insights and Findings (4/10) Country nuances
	Slide 9: Insights and Findings (5/10) Summary of use cases - KENYA
	Slide 10: Insights and Findings (6/10) Summary of use cases - ZIMBABWE
	Slide 11: Insights and Findings (7/10) Summary of use cases – CÔTE D’IVOIRE
	Slide 12: Insights and Findings (8/10) Kenya use cases
	Slide 13: Insights and Findings (9/10) Zimbabwe use cases
	Slide 14: Insights and Findings (10/10) Côte d’Ivoire use cases
	Slide 15: There are 8 areas in which governments, development partners, and private sector can partner to help build the market for PULSE products

	Introduction: Why are we focusing on productive use and Agriculture?
	Slide 16
	Slide 17: Off-grid solar (OGS) has grown rapidly over the last decade worldwide and still has potential to grow further
	Slide 18: For OGS, productive use represents the next frontier, providing enhanced income-generating opportunities for off-grid households
	Slide 19: The demand for PULSE products arises across a range of scales, with either standalone or mini-grid connected applications
	Slide 20: Productive use leveraging solar energy (PULSE) cuts across diverse agricultural, commercial, industrial, and social/public activities
	Slide 21: The market for non-agriculture PULSE products is highly fragmented, with organizations exploring appliances across sectors for diverse uses
	Slide 22: Productive use is a critical requirement for agricultural transformation 
	Slide 23: For off-grid communities, which are overwhelmingly rural, PULSE at the agricultural-energy nexus has unique potential for impact
	Slide 24: If PULSE products for agriculture can be made widely available and affordable, they can significantly increase yields and farmer incomes 

	State of Play in PULSE today
	Slide 25
	Slide 26: Our study focuses on diverse PULSE use cases at the agriculture-energy nexus
	Slide 27: Within each product group, there is a diverse range of technologies which have different system size requirements
	Slide 28: Some PULSE products relate to multiple agricultural value chains, while others are specific to a single crop or animal
	Slide 29: We conducted a short survey of suppliers of productive use appliances. Most firms have sold less than 10,000 PULSE units to date 
	Slide 30: As of today, PULSE suppliers are most focused on irrigation; in the future, PULSE suppliers are looking at processing and cooling
	Slide 31: Despite growing activity and interest, only a few PULSE technologies are ready for commercial scale in Africa and market maturity is limited
	Slide 32: PULSE products face financial and operational barriers to converting customers and switching away from incumbent technologies
	Slide 33: PULSE products are being brought to market by a diverse range of actors (1/2)
	Slide 34: PULSE products are being brought to market by a diverse range of actors (2/2)
	Slide 35:  There are a diverse range of actors bringing these products and services to market, with varying levels of maturity 
	Slide 36: Their unique characteristics means they are positioning in different ways to provide PULSE solutions
	Slide 37: And based on their business models/core activities actors will face different challenges when adapting to targeting small-scale PULSE
	Slide 38: SunCulture is a pioneer in solar irrigation in Africa, with a vertically-integrated model including R&D, finance, distribution, and after-sales
	Slide 39: SunCulture’s initial years were focused on R&D and product testing; the launch of its RainMaker product and Pay-as-you-Grow financing has now unlocked a larger market
	Slide 40: SunCulture sees solar-powered irrigation as the first step for its customers on the “productivity ladder”
	Slide 41: SunCulture has developed an end-to-end service model to respond to market challenges and serve a rural customer base
	Slide 42: SunDanzer is a specialist solar refrigerator/freezer manufacturer; African Energy is a pan-African distributor that sells their products
	Slide 43: SunDanzer has spent the past eighteen years developing its range and testing small-scale productive use applications for its products
	Slide 44: African Energy is one of the largest solar distributors in Africa – it has a growing PULSE portfolio with cooling, freezing, and irrigation products
	Slide 45: To scale, SunDanzer must adapt products further and diversify its relationships; African Energy has wide reach but requires working capital

	Sub-Saharan Africa: Opportunities and Challenges for PULSE
	Slide 46
	Slide 47: Market sizing must account for smallholder farmer dynamics, grid access, and affordability to reach the serviceable market
	Slide 48: We estimate the total SSA market for micro-PULSE to be $734M factoring in affordability / ability to pay1, and up to $11.3B without
	Slide 49: Across selected markets, there is a modest opportunity today, but more attractive if affordability constraints are addressed
	Slide 50: Solar-powered irrigation: Irrigation presents a large market, but limited water access and affordability are key constraints (1/2)
	Slide 51: Solar-powered irrigation: Irrigation presents a large market, but limited water access and affordability are key constraints (2/2)
	Slide 52: Solar agro-processing: Affordability will limit the serviceable market, while larger processors already aggregate other produce (1/2)
	Slide 53: Solar agro-processing: Affordability will limit the serviceable market, while larger processors already aggregate other produce (2/2)
	Slide 54: Cooling & refrigeration: Increasingly viable across a range of use cases but product costs limit potential market size today
	Slide 55: As incomes rise and costs decline, refrigeration solutions will become viable for growing number of small-scale farmers
	Slide 56: Three main levers could reduce product costs: a) technology and efficiency improvements b) increased economies of scale c) reduction in duties / tariffs
	Slide 57: Many target users cannot afford to purchase products upfront, for market sizing we have made several assumptions on financing terms
	Slide 58: Across SSA several constraints to scaling PULSE across exist, they are likely to need a range of energy and agricultural expertise to unlock
	Slide 59: The most severe of these challenges are potential focus areas for  interventions and many require agriculture sector expertise (1/3)
	Slide 60: The most severe of these challenges are potential focus areas for  interventions and many require agriculture sector expertise (2/3)
	Slide 61: The most severe of these challenges are potential focus areas for  interventions and many require agriculture sector expertise (3/3)
	Slide 62: Constraints are largely similar across PULSE product segments, but there is some variation in the severity and therefore importance
	Slide 63: Aside from costs, aggregation limitations, lack of precedents and product design are the challenges that vary widely across use cases

	Kenya Market Deep Dive
	Slide 64
	Slide 65: Kenya is not fully utilizing its irrigation potential, but there are plans to expand coverage significantly through public and private projects
	Slide 66: Irrigation has the potential to boost production across major crops, though yield potential and water requirements vary significantly
	Slide 67: Diesel pumps are well established in the market for large scale farms; uptake at micro level is low for both diesel and solar
	Slide 68: Two innovators are already targeting the micro segment, while two established players are moving downstream into the segment
	Slide 69: More broadly, Kenya has a range of suppliers providing solar pumps, many of whom are increasingly serving farmers at a smaller scale
	Slide 70: Horticulture is already an active sector for these providers, with potential to expand further and boost incomes for up to 2M farmers
	Slide 71: In horticulture, various PULSE products could add value by increasing production, enhancing quality, and reducing post harvest losses
	Slide 72: Irrigation has high potential to increase incomes and food security; however, water access and technical capacity could hinder uptake
	Slide 73: To explore this further, four typical crops can be used to showcase the  range of potential yield uplifts and motivations for irrigation
	Slide 74: Annual returns from irrigation are affected by crop value, commercial sales vs domestic use, and price fluctuations in the dry season
	Slide 75: The upfront cost of a solar pump is 1.6x that of diesel-powered alternatives, but can have lower whole life costs after a single year
	Slide 76: Solar outstrips diesel across crop values, however for low value crops or cases of high domestic consumption pumps payback more slowly
	Slide 77: The commercial viability and use cases of micro-irrigation are clear, but further measures are needed to accelerate uptake
	Slide 78
	Slide 79: Post-harvest losses cost the Kenyan economy $1.5 billion annually; a large proportion of this could be avoided with more cooling uptake
	Slide 80: Incumbent grid solutions have limited uptake, and the range of small and micro scale solar cooling solutions are still at pilot stage
	Slide 81: Multiple actors distribute standalone solar cooling equipment; those with larger walk-in cold rooms are mostly focused on grid solutions
	Slide 82: However, several solar cooling suppliers are working with aggregators and are gaining traction quickly, targeting horticulture and dairy
	Slide 83: At micro scale, certain demand and supply side factors currently make dairy use cases more compelling than horticulture
	Slide 84: PULSE products could impact 1M dairy smallholders and boost rural incomes, support domestic production, and reduce spoilage
	Slide 85: For dairy, solar energy could play a role across the value chain, but overall use at a micro-scale (even of incumbent solutions) is low
	Slide 86: Milk chillers have high potential to improve farmer incomes by reducing milk loss to spoilage, but market access is a challenge
	Slide 87: Revenue increase from selling chilled milk varies based on the difference in spoilage rates, and prices offered by different markets
	Slide 88: However, solar chillers do not appear viable for the majority of SHFs; positive ROI for these chillers are only achieved at 15L daily sales
	Slide 89: Even if solar chiller price reduces by 40%, SHFs selling 5L/day would only be able to pay back the asset in ~4 years
	Slide 90: Factors which could reduce payback periods include: aggregation, premium pricing for quality, and targeting farmers in hot regions
	Slide 91
	Slide 92: Agro-processing in Kenya typically occurs after aggregation in on-grid systems; PULSE could help reduce minimum viable scales of products
	Slide 93: Small- and micro-scale grid and diesel machines are common in small towns / market centers; solar options are only present in a few pilots
	Slide 94: There may be opportunity for solar suppliers to access the market by partnering with distributors already providing incumbent products
	Slide 95: Many suppliers provide processing products for the maize sector, an important staple, that involves ~98% of Kenya’s 3.5 million SHFs
	Slide 96: The maize sector offers significant opportunity for PULSE products to boost yields, reduce losses, and provide alternative processing options
	Slide 97: Solar milling provides an opportunity for entrepreneurs to address a large market, and provide time and cost savings for customers
	Slide 98: A solar mill may be the more attractive option for remote customers, and become cheaper than a diesel mill after two years
	Slide 99: Solar products could bring services closer to home; convenience, affordability, and quality can affect customer willingness to pay
	Slide 100: Seasonal capacity and customer catchment will limit utilization, should 60% (66MT) be achieved a solar mill can payback in 2 years
	Slide 101: A solar mill needs to serve 104 households to reach 85% utilization (94MT/year), which requires population dense areas to be viable
	Slide 102
	Slide 103: The tax regime favors solar and PULSE products, but costs will rise if the recent proposal to re-introduce VAT on solar products is approved

	Zimbabwe Market Deep Dive
	Slide 104
	Slide 105
	Slide 106: Land reforms and a changing agricultural landscape has opened up smallholder production opportunities in Zimbabwe, which solar irrigation could help to fill
	Slide 107: Smallholder irrigation in Zimbabwe is very limited, despite the availability of water across key agricultural regions
	Slide 108: Efficient irrigation has the potential to significantly increase the production of the main crops grown in Zimbabwe 
	Slide 109: Awareness on solar products is growing but still under-penetrated; incumbent technologies have much wider reach
	Slide 110: Zimbabwe has a number of solar pump importers and distributors in the market (1/2)
	Slide 111: Zimbabwe has a number of solar pump importers and distributors in the market (2/2)
	Slide 112: PULSE products have the potential to increase smallholder farmers participation in the horticulture value chain and grow the sector
	Slide 113: Sufficient energy is required to source water for production. Then most losses are due to poor handling rather than a lack of cold storage
	Slide 114: Irrigation pumps could help improve farmer yields and subsequently incomes, however the cost of the product could limit uptake
	Slide 115: Based on current farmer activity, three crops can be used to showcase the range of potential yield uplifts and motivations for irrigation
	Slide 116: Using conservative estimates for yield uplifts, irrigation still boosts income significantly, enough to pay back the solar pump in one year 
	Slide 117: Upfront cost of solar is higher; however solar becomes more attractive than diesel within first year of operations
	Slide 118: Irrigation pays back for either technology within 1-2 years; the relative benefit of solar over diesel pumps can be higher at smaller scales
	Slide 119: Small-scale farmers demand for solar pumps can vastly increase with additional support 
	Slide 120
	Slide 121: 40% of Zimbabwe's agricultural produce is lost post-harvest, additional cooling supply could reduce this by as much as half
	Slide 122: Uptake of both incumbent technology and solar products is low, DC solar refrigerators are slowly entering the market for household use
	Slide 123: Distribution of solar cooling products in Zimbabwe is limited to only a few suppliers, most focused on growing consumptive use sales
	Slide 124: Suppliers are yet to explore the dairy sector, where off-grid cooling could reduce spoilage while helping to meet government targets
	Slide 125: PULSE products can be used across the value chain, but a strong opportunity lies in initial collection and storage to avoid spoilage 
	Slide 126: Milk chillers can help drive local dairy production by reducing milk loss and improving milk quality, both which increase farmer incomes
	Slide 127: By chilling their milk, farmers can increase their annual revenue by up to 60% due to increased sales volumes and premium pricing
	Slide 128: However, solar products on the market today only begin to make financial sense for farmers at the top end of the smallholder category
	Slide 129: Even if product price reduces by 40% SHFs selling 5L/day would not be able to pay back the product within 2 years 
	Slide 130: Three levers could help strengthen the solar chiller product design and enhance the investment case for smallholders
	Slide 131
	Slide 132: Cereals make up the majority of the country’s agro-processing demands, particularly maize and sorghum which are staple foods
	Slide 133: Across crops, large scale grid processing applications are widespread, while solar solutions are currently not available 
	Slide 134: The biggest suppliers in the market only provide grid and diesel-powered processing solutions, interest in solar is limited 
	Slide 135: Maize offers a large market for agro-processing – it is farmed by 80% of smallholder farmers, with significant small-scale processing needs
	Slide 136: PULSE products can address gaps at production and processing, specifically saving costs and time in on-farm transformation 
	Slide 137: Solar threshers could be a cheaper solution than diesel incumbents, and open up more efficient threshing services to remote producers
	Slide 138: A solar threshing solution will need to show commercial viability compared with both manual and diesel-powered incumbents
	Slide 139: Between 120-240MT (max capacity) solar threshers have lower costs than diesel, but the unit economics shift towards diesel after 325MT
	Slide 140: To be profitable a solar thresher must reach at least 44 households, but transporting maize will reduce potential charge rates
	Slide 141: A processor needs to maintain more than 50% utilization to see positive ROI within the first 2 years
	Slide 142: Two levers could help strengthen the product design and hence the investment case for smallholder farmers
	Slide 143
	Slide 144: The government reduced taxes on solar products which could increase PULSE uptake, however, existing policy limits growth of the sector 

	Cote d’Ivoire Market Deep Dive
	Slide 145
	Slide 146
	Slide 147: The government aims to increase local value addition, providing an opportunity for off-grid agro-processing across multiple value chains
	Slide 148: Across scales, incumbent technologies are well established while uptake of solar is low, despite a growing interest
	Slide 149: Yandalux is an early mover while other existing equipment providers are yet to start supplying solar products
	Slide 150: Cassava is a key market for agro-processing actors, as it is one of the main staples in CIV supporting the livelihoods of 1.7M smallholders
	Slide 151: Transformation is the most energy-demanding process in the cassava value chain; a few solar processing options are available in the market
	Slide 152: Grinding could provide an opportunity for entrepreneurs to address a large market, while minimizing their operational costs
	Slide 153: Solar grinders have lower capacity & revenue potential than diesel, output for mobile grinders is further constrained by battery run time
	Slide 154: The upfront cost of solar is twice that of diesel, but solar becomes slightly cheaper than diesel within approximately 3 years
	Slide 155: Utilization rate is key for returns, the cost of a solar grinder would need to drop ~40% to achieve two-year payback at 50% utilization
	Slide 156: Achieving a high but realistic utilization of 80% (118MT/year) would require serving 284 households (approximately an area of 4.5 sq. km)
	Slide 157: Aside from lowering price, uptake can be boosted by targeting mobile grinders to entrepreneurs & stationary ones to small women’s co-ops
	Slide 158
	Slide 159: Rice is an important crop for the agro-processing market – it makes up more than 60% of cereal production and 4% of agro-processing GDP
	Slide 160: There are opportunities for increased mechanization across the value chain, with transformation being the most energy intensive stage
	Slide 161: Solar mills can bring processing services closer to rice farmers who would normally travel 2-7 km to mill their rice
	Slide 162: Mills have two revenue sources, subsequent analysis anchors on milling as a service as this is where discrepancies with alternatives arise
	Slide 163: Solar hullers have lower revenue potential than diesel ones due to lower processing capacity
	Slide 164: Even if the diesel huller serves the same demand as solar (68MT/year), solar only breaks even with diesel at ~year 5
	Slide 165: A solar huller would need to increase annual processing capacity from 68MT to 140MT to match viability of a diesel machine over five years
	Slide 166: However, at current product costs, solar hullers operating at 50% utilization would still be able to pay back the product in two years
	Slide 167: Aside from lowering the cost of the product, improving performance and quality of output could help increase uptake
	Slide 168
	Slide 169: Post-harvest losses in Côte d’Ivoire are mainly due to lack of adequate cold storage facilities/cold chain
	Slide 170: Small- and micro-scale solar cold storage solutions are gaining traction in rural areas, but costs remain prohibitive
	Slide 171: There are a growing number of suppliers in the market, often including cooling alongside other consumptive/productive use products
	Slide 172: The fishing sector is attractive to suppliers due to the high spoilage rates (+30%) and potential consumer base (70,000 directly engaged)
	Slide 173: While there is an array of opportunities for PULSE products across the value chain, cooling addresses the most pressing challenges
	Slide 174: Cooling can increase fish traders’ incomes by reducing quality losses and allowing them to capitalize on the demand for fresh fish
	Slide 175: Fish traders using purchased ice could achieve up to a 21% boost by switching to solar; being highest for those with low access to ice
	Slide 176: However, at more than 10x the initial cost of traditional cooler boxes, use of the solar freezer only breaks even with ice at five years
	Slide 177: A trader would need at least 50% utilization (30kg/week stored fish) to pay back within a year, assuming some spoilage remains
	Slide 178: Product uptake could be improved by targeting traders with higher spoilage, higher financial losses, and by making the product lighter
	Slide 179
	Slide 180: 98% of Côte d’Ivoire’s cultivated land is not irrigated, but use of irrigation is increasing, especially in horticulture
	Slide 181: A range of solar water pump suppliers has emerged to meet the growing demand and compete with existing diesel pump suppliers
	Slide 182
	Slide 183: Few incentives for solar products exist, with suppliers awaiting government clarification on broader policy issues on solar equipment

	What next for the PULSE market?
	Slide 184
	Slide 185: Across SSA several constraints to scaling PULSE exist, they are likely to need a range of energy and agricultural expertise to unlock
	Slide 186: There are two fundamental challenges that are likely to be persistent in the medium term, which will constrain pico-PULSE uptake
	Slide 187: There are 8 areas in which governments, development partners, and private sector can partner to help build the market for PULSE products
	Slide 188: Demand generation/aggregation: unlike household energy use, PULSE in agriculture will require value chain engagement to scale
	Slide 189: Technology & innovation: given the low levels of maturity, there is still need for soft capital/technology transfer to make products viable
	Slide 190: Access to finance: given relatively higher costs of PULSE assets (vs. SHS), the financing challenge is even greater and needs new models
	Slide 191: Business support: PULSE innovators require support in developing business models while micro-enterprises need basic business skills
	Slide 192: The intervention mix will vary depending on the PULSE use case, though some aspects will be the same across use cases*
	Slide 193: Two success factors for PULSE interventions are i) engaging both energy and agriculture actors and ii) seeing the solution space as a spectrum
	Slide 194: Disclaimer


