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1) Business Case Analysis

This business case analysis examines the financial viability
and sustainability of biodigester technology for small and
medium-scale enterprises (SMEs), farms, and institutions

in Kenya. Using the Business Models for Sustainability
framework, this analysis demonstrates that biodigesters
represent a financially attractive investment with compelling
environmental and social benefits.

Biodigesters offer a sustainable, cost-effective solution for
mManaging organic waste while generating clean renewable
energy (biogas) and organic fertilizer. As energy and fertilizer
costs continue to rise, institutions and farms are increasingly
adopting biodigesters to reduce operational expenses,
enhance environmental sustainability, and improve resource
efficiency.

11 Comparative Case Study Analysis

Key Finding

Payback periods range from 10 months -
to 2.4 years across different scales

Internal Rate of Return (IRR) ranges
from 33% to 86%, all significantly
exceeding the 20% benchmark for
highly attractive investments

Annual savings range from KES 165,000
to KES 702,000 depending on scale
and application

Positive Net Present Value (NPV) across
all case studies, ranging from KES
684,537 to KES 219 million

Three operational biodigester installations across different scales and applications demonstrate the
technology’s financial viabllity and adaptabillity to diverse SME contexts

Case Study Profiles

Adanna’s Farm (30 cows, 100m?® system) saves KES 460000/year (98% energy, 2% fertilizer) with a 2.36-year
payback, 33% IRR, and KES 112M NPV, showing value for medium-scale farms. Josan Pig Farm (140 pigs + 1
cow, 12m?) delivers KES 165,000/year, 86% IRR, and 10-month payback on a KES 137,940 investment, ideal
for smallholders needing fast returns. Friends Theological College (Kaimosi) (12 cows, 100m®) achieves KES
702,000/year savings, 52% IRR, and 143-year payback, proving biodigesters work well for high-volume

institutional energy use.

Table 11: Comparative Case Study analysis of biodigester installations

Metric Adanna’s Farm Josan Pig Farm FTC Kaimosi
Profile 30 dairy cows, 100m? fixed dome 140 pigs + 1 cow, 12m? fixed dome 12 cows, 100m?® prefab
Investment KES 879,121 KES 137,940 KES 879,120
Annual Savings KES 460,000 KES 165,000 KES 702,000
Payback Period 2.36 years 0.85 years * 143 years
ROI 6.08% 16.63% * 987%

IRR 33% 86% *** 52%
NPV KES 112M KES 68bK KES 219M **
Primary Use Electricity & water heating Cooking & water heating Institutional cooking
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Financial Perfomance: IRR vs ROI
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Key Insight: All cases demonstrate exceptional financial viability. Small-scale (12m®) offers fastest RO
medium-scale (100m?®) with high-volume usage delivers highest absolute returns.
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Key Insights & Cross-Case Analysis

Scale Optimization Depends on Energy Consumption, Not Feedstock Availability

High returns come from aligning biodigester size with actual energy demand. Small
systems perform best when they replace most energy costs, while larger systems deliver
the highest total value where energy use is concentrated. For instance, Josan Pig Farm
achieves an 86% IRR because its small (12m® fixed dome)system (KES 137940 investment)
matches its energy needs and generates KES 165,000 annual savings. In contrast, FTC
Kaimosi’'s 100m? system maximizes total value with KES 219M NPV by serving high
institutional cooking demand.

Strong perfomance depends on a balanced cost-to-savings ratio

Financial results peak when the initial investment equals about 0.8-19 years of annual
savings. Josan Pig Farm’s 0.85 ratio  delivers rapid payback in about 10 months. FTC
Kaimosi’s 1.25 ratio also yields strong returns, while Adanna’s Farm’s 191 ratio  shows
slower payback. Systems costing <1.5x annual energy spending are most attractive.
Institutions unlock the highest absolute value.

Institutions with high, centralized energy demand achieve the largest annual savings.

FTC Kaimosi produces KES 702,000 in annual energy savings, about 52% higher than
Adanna’s 30-cow farm . This highlights that schools, hospitals, hotels, and similar facilities
are high-impact biodigester markets.

Small-scale systems reduce adoption barriers.

Josan Pig Farm’s  small system pays back in =10 months with an 86% IRR, proving
biodigesters are feasible for resource-constrained farmers. This challenges the idea

that biodigesters require large herds or high capital and supports wider uptake among
smallholders. Fertilizer benefits are secondary but add strategic value Bio-slurry
contributes only 2-12% of direct benefits, yet it offers improved soil health and higher crop
yields (20-30% reported). For larger systems, surplus slurry can generate KES 120,000-
192,000/year in additional revenue, strengthening the investment case even though
energy savings remain the dominant benefit.

Sweet Spot Analysis: Investment-to-Savings Ratio

KES 702K
(Total)
25
Optimal Threshold (1.5x)
- Exceptional Zone (1.0x)
20 Attractive
2
©
[+ 4
w -------------------------------------------------------------------------------------------------------------------------------
2
'g Highly Attractive
(/2]
[
RN 000 ——
E Exceptional
<
~
Fe]
c
[7]}
£
e
o
>
£
Adanna Josan Pig FTC
Farm Farm Kaimosi
(191) (0.84) (1.25)

SEE - Clean Cooking




1.2 Business Model Frameworks

Four distinct business models enable biodigester adoption across different scales, organizational structures,
and market contexts. Each model addresses specific value creation, delivery, and capture mechanisms
aligned with sustainability principles.

1.2.1. SME Self-Consumption Model

Core Mechanism: Individual SMEs invest in biodigesters to convert waste into energy and fertilizer for internal
use, eliminating external procurement costs.

e Value Proposition: 88-100% cost reduction via energy independence; waste management solution;
enhanced agricultural productivity through bio-slurry

e Target Segments: Dairy farms (20-30+ cows), pig farms (100+ animals), poultry operations (5,000+ birds),
institutional kitchens, agricultural processors

* Key Resources: Consistent organic feedstock, water supply, technical operation knowledge, biodigester
infrastructure (12mM*-100m?>+)

¢ Revenue Logic: Cost avoidance creates retained value equivalent to revenue; biogas displaces LPG (KES
200-250/kg), electricity (KES 24/kWh), firewood (KES 20-30/kg)

Lessons Learned: Success requires consistent feedstock management and basic technical
competency. Underperformance typically stems from irregular feeding schedules or pH imbalances,
not technology failure. Systems perform best when integrated into existing farm workflows rather than
treated as add-ons.

Individual SMEs should prioritize operational readiness over system size. A well-operated 12m?®

system outperforms a poorly-managed 100m® system. Focus investment on operator training and
establishing daily routines before scaling up capacity
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A farmer pouring nutrient-rich bioslurry from a prefabricated biodigester onto animal feed in her farm, enriching the feed naturally.
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Participants of the ABC Programme milestone celebration stand in front of a prefabricated biodigester on a farm in Nanyuki.

1.2.2. Producer Organization Models

Core Mechanism: Cooperatives and farmer groups leverage collective action for shared investment, bulk
procurement, or collaborative service delivery.

e Cooperative Procurement: Bulk negotiation reduces unit costs by 16-20%. Example: 50-member
dairy cooperative negotiates 12m?® systems at KES 110,000 vs. KES 137,940 individual price. Cooperative
generates 5-10% service fees while delivering member value.

e Shared Infrastructure: Centralized 100m® system shared by 10 small farmers = KES 87900 per farmer vs.
KES 879,000 individual investment. Proportional waste contribution and benefit distribution. Ideal for farm
clusters, market centers, processing zones.

e Bio-Slurry Marketing Cooperative: Aggregate excess bio-slurry for commercial sale. 100m? system
produces 12 tons/year; 50% available for sale at KES 500-800 per b50kg bag = KES 120,000-192,000
revenue. Premium pricing (30-50% above conventional fertilizer) due to organic certification.

Lessons Learned: Cooperative models require strong governance and transparent benefit-sharing
mechanisms. Failed cooperatives typically collapse due to inequitable cost/benefit distribution or
weak member commitment. Successful models establish clear operational agreements, proportional
contribution requirements, and automated benefit distribution systems from day one.

Cooperatives should pilot with 5-10 commmitted members before scaling. Use shared infrastructure for
capital-constrained groups and cooperative procurement for established farmers. Bio-slurry marketing
requires dedicated market development—don’t assume demand exists without testing.

Co-financed by: Coordinated by: In partnership with:

ey s>
* * MINISTRY OF FOREIGN AFFAIRS
* * Bl
" 2 = OF DENMARK

* oy x ==

2endev

K| Netherlands Enterprise Agency

SEE - Clean Cooking




1

1.2.3. After-Sales Service Model

Core Mechanism: Service providers create recurring revenue through maintenance, monitoring, training, and
spare parts distribution.

e Maintenance Contracts: Annual contracts (KES 15,000-70,000 depending on scale) covering quarterly
inspections, cleaning, pressure testing, pH mMmonitoring, emergency repairs. Value: 10-15% performance
improvement, b-/ year life extension, failure prevention.

e Performance Monitoring: IoT-enabled remote monitoring with smart biogas meters, temperature sensors,
pH monitors, mobile dashboards. Service fee: KES 5,000-8,000/month with hardware lease. Delivers
15-25% biogas yield improvement through optimization.

e Training Services: 3-day operator training (KES 25,000), quarterly workshops (KES 5,000/patrticipant),
technical certification programs. Knowledge transfer ensures optimal operation and reduces service
dependencies.

e Spare Parts Distribution: 25-30% markup on biogas burners, pressure gauges, safety valves, pipeline
fittings. 48-hour delivery guarantee creates competitive advantage.

Lessons Learned: Service businesses succeed only with critical mass—minimum 50-100 installations
within serviceable radius to justify infrastructure costs. Preventive maintenance contracts outperform
reactive repair models both financially and in customer retention. Farmers resist [oT monitoring fees
unless demonstrable performance improvements are shown within 3 months.

Service providers should bundle installation with 2-year maintenance contracts to ensure customer
success and recurring revenue. Focus geographic clustering strategy rather than dispersed
installations. IoT monitoring works best as premium tier for high-value clients (institutions, large farms),
not as entry-level service.

1.2.4. Revenue Streams & Value Capture

Core Mechanism: Multiple revenue streams create diversified, resilient income models combining primary
cost savings with secondary commercial opportunities.

* Primary Revenue (88-100% of benefits): Energy cost avoidance through biogas displacing: LPG
(KES 200-250/kQ), electricity (KES 24/kWh), firewood (KES 20-30/kg). Case evidence: Adanna’s Farm
(98% energy savings), Josan Pig Farm (88% energy savings), FTC Kaimosi (100% energy savings). This
demonstrates energy independence as the dominant value driver.

* Secondary Revenue - Bio-Slurry: Internal use (2-12% of benefits) plus external sales potential. Market
price: KES 500-800 per 50kg bag (30-50% premium over synthetic fertilizer). A 100m?® system producing
12 tons annually with 50% surplus generates KES 120,000-192,000 in additional revenue.

» Tertiary Revenue - Carbon Credits: Methane capture and fossil fuel displacement qualify for carbon
markets. Estimated 3-5 tons CO, equivalent per 100m® system annually = USD 30-150 (KES 4,500-
22,500) at current prices. Aggregation through cooperatives improves viability.
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Adabba’s Farm Josan Pig Farm FTC Kaimosi

Revenue Distribution Revenue Distribution Revenue Distribution

Fertilizer 2.2% Fertilizer 12.1% Fertilizer 12.1%

Diversification Strategy: Optimal models combine primary savings (80-100%) with 2-3 secondary
streams (10-30% enhancement). Example: Dairy farm targets 90% energy savings + 5% bio-slurry sales
+ 5% technical consulting = 100%+ total value capture. Risk mitigation through multiple revenue sources
strengthens business resilience.

Lessons Learned: Focusing exclusively on energy savings while neglecting secondary revenue streams
leaves 20-30% of potential value uncaptured. However, premature commercialization of secondary
streams before mastering core operations leads to system neglect and performance degradation.
Carbon credit aggregation remains complex for individual farmers—only viable through institutional
intermediaries.

Adopt a phased revenue approach: Year 1 - master core operations and maximize primary savings.
Year 2 - introduce bio-slurry sales once system stability is proven. Year 3+ - explore tertiary streams
(carbon credits, consulting). This sequential model ensures operational excellence before complexity.
Farmers should treat biogas as the ‘anchor product” and secondary revenues as enhancement
opportunities, never the reverse.

Community-Based Biodigester Facility During On-Site Technical Inspection and Evaluation
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2 Strategic Recommendations

For SMEs & Farmers

System Sizing:

Small farms (4-6) should use 12m°® systems for quick payback. Medium farms or institutions

should use larger systems (x100m?®) for higher total savings. Only invest if savings are at least of the
system cost per year.

Before You Invest:

Track energy use and waste for 30 days. Ensure reliable water supply. Train operators before installation
to avoid breakdowns and losses.

Financing:

Use county subsidies, micro-loans, or cooperatives to reduce upfront costs. Group buying can

cut prices by 156-20%.

Operations:

Feed the system daily, monitor performance, and budget for basic maintenance. Track gas output and
savings monthly to catch problems early.

For Producer Organizations

Bulk Purchasing:

Form cooperatives of 20-50 members to negotiate lower prices and quality installation. Set clear
standards and approved installers.

Shared Systems:

Start with 510 nearby farmers using one large system to reduce individual costs. Agree upfront on waste
input, benefit sharing, and system management.

Bio-Slurry Sales:

Test demand locally before scaling. Organic fertiliser certification can increase prices. Surplus slurry can
become a steady side income

For Service Providers

Clustered Installations:

Focus on high-density farming areas. Grouped installations lower service costs and improve response
time.

Service Packages:

Offer installation plus mandatory maintenance plans (basic, premium, enterprise) to ensure system
performance and steady revenue.

Spare Parts Supply:

Stock key components locally and partner with manufacturers to ensure fast delivery and reliable
after-sales service.

For Policy Makers & Development Agencies

Smart Subsidies:

Provide 20-30% subsidies for smallholders, paid in stages based on system performance.

Affordable Financing:

Support low-interest green energy loans and risk-sharing guarantees with lenders.

Market Support:

Promote bio-slurry standards, carbon market access, and technician training to strengthen the
ecosystem.

Demonstration Projects:

Fund showcase biodigesters, publish performance results, and organize farmer learning visits to build trust
and uptake.
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Conclusion

This business case demonstrates that biodigesters deliver compelling financial returns (IRR 33-86%, payback
under 24 years) across all scales. The three case studies provide empirical evidence of value creation
through resource efficiency, waste transformation, and energy independence.

Key Success Principles: (1) Match system size to energy consumption patterns; (2) Target investment-to-
savings ratio <16x; (3) Prioritize operational readiness over capacity; (4) Leverage cooperative models where
appropriate; (b) Maintain biogas as anchor revenue stream. As energy costs rise, early adopters will benefit
from competitive advantages through reduced operating costs, sustainability credentials, and resilience to
price shocks.

The path forward is clear: biodigester technology can scale rapidly across Kenya’s agricultural sector,
delivering transformative economic, environmental, and social benefits for decades to come.

References

1. ABC Kenya, GIZ and SNV,2025. African Biodigester Component Assessment of the Potential
for Small-scale and Medium-scale Biodigesters in Kenya

2. Private Equity Support,October 2025. Access to Finance Kenya - African Biodigester Com
ponent (ABC); https://abc.privateequity-support.com/resources

3. Gl1Z,2024. Central project evaluation African Biodigester Component in Kenya, Kenya Project
numMber Project number 2014.2275.6-305 & 306

4. GI1Z,2025. ABC Kenya — Results-Based Reimbursements Manual

5. GIZ,2025 Mid-term 2025,ABC Monitoring Template

6. GIZ,SNV,2022 ABC_Proposal_GIZ_Li Kenya

7. GlZ,2026 ABC Kenya Mid term Report(July 2025)

8. GIZ,2025.EAMD Market Scorecard_Biodigesters_Kenya

SEE - Clean Cooking




SEE - Clean Cooking




