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Introduction: Nigeria’ s Energy Landscape

Chapter 01 | Market Overview & Solar Potential



Nigeria' s Energy Crisis: A Critical Need for

Renewables

Widespread Energy Poverty
Approximately 40% of the population lacks reliable
electricity, with a highly unstable national grid
causing frequent blackouts.
::f-Abundant Solar Resources
Endowed with high solar irradiance (3.5-7.0
kWh/m? /day), particularly in the northern Sahel
~~ Tregions.
Pathway to Sustainability
Harnessing solar energy is critical for solving the
crisis and achieving Nigeria' s sustainable

development goals.
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Climatic Zones and Solar Resource Assessment

CHAPTER 02 <« ENVIRONMENTAL ANALYSIS



Mapping Nigeria s Climatic Diversity

é .
wr Coastal Zone . Derived Savanna
Tropical rainforest climate with high temperatures, humidity, A transitional climate with distinct wet and dry seasons,
and significant cloud cover. offering moderate solar irradiance.
Irradiance:4.0 — 4.5 kWh/m? /day Irradiance:4.5 — 5.0 kWh/m? /day
® Guinea Savanna »¥ Sahel Savanna
Tropical wet—and—dry climate found on the northern boundary Semi—arid climate with scarce precipitation, abundant clear
of the forest zone, with good solar irradiance. skies, and the highest solar irradiance.

Irradiance:5.0 — 5.5 kWh/m? /day Irradiance:5.5 — 7.0 kWh/m? /day



Solar Irradiance: A North—South Gradient

i Geographic Gradient Analysis | N Visualizing Solar Wealth

The heatmap reveals a clear north—to—south ) ] : )
Color intensity directly correlates with solar

decrease in solar potential. The darkest reds in . 28
energy availability. The northern states stand

the Sahel region represent the highest =l : :
out vividly, marking them as prime targets for

irradiance, a critical factor for energy : )
large—-scale solar infrastructure projects.

planning.

e Strategic Investment Focus ! Key Planning Takeaway

Northern regions are unequivocally the most : - Understanding this divide is essential for
promising for utility—scale solar PV farms. | maximizing ROI. Investments in the North will
Superior solar resources in these areas | yield significantly greater returns compared to
guarantee the highest energy production yields. southern alternatives.




CHAPTER 03

Optimal Tilt Angles

A Regional Analysis for Maximum Energy Capture




Why Tilt Angle Matters

u Solar Altitude and Azimuth Angles Q) Latitudinal Impact
The sun’s position in the sky, defined by its altitude (vertical At higher latitudes (e.g., Kano in Northern Nigeria), the sun’ s
angle) and azimuth (horizontal angle), changes continuously path across the sky is lower, necessitating a steeper tilt angle
throughout the day and year. The optimal tilt angle is calculated to capture more direct sunlight. Conversely, near the equator
to minimize the angle between the sun’ s rays and the panel’s (e.g., Lagos), the sun is more overhead, allowing for a much
surface normal across the entire year. shallower, almost horizontal tilt.

2% Seasonal Tilt Adjustment 6[® Environmental Considerations
For systems with adjustable mounts, a steeper angle (e.g., Beyond pure energy capture, tilt angle can also be optimized for
latitude + 15° ) in winter and a shallower angle (e.g., latitude — self-cleaning. A steeper angle (greater than 20° ) can help
15° ) in summer can significantly boost seasonal energy rainwater wash dust and debris off the panels, reducing the need
production, though this incurs higher installation and maintenance for manual cleaning, which is a significant benefit in the dusty

costs. Sahel region.



Recommended Tilt Angles for Nigerian Zones

Based on extensive research and simulations, the optimal fixed tilt angles vary significantly across Nigeria s climatic

zones. The recommended angles increase progressively from the coastal south to the Sahel north.

Climatic Zone

Example Cities

Recommended Tilt Angle

Coastal Zone Lagos, Port Harcourt 5 =l
Derived Savanna Abu ja 10° - 20°
Guinea Savanna Kaduna 15° - 25°
Sahel Savanna Kano, Sokoto 20° - 30°

, Note: These angles represent the annual optimum. In the rainy season, a slightly lower angle can be beneficial to reduce water

pooling and dust accumulation on the panels.
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CHAPTER 04

Panel Orientation

Maximizing Solar Exposure




South is Best: The Ideal Azimuth

u Maximum Energy Yield Q!JNigeria Wide Standard

) ) ) This rule holds true across all
True south orientation (Azimuth ) ) ) i i
A , ) climatic zones in Nigeria.
0° ) delivers approximatelyl5— ,
Whether in Lagos or Kano, due
20% more energyannually compared ) i
) ) south is always the optimal
to east or west orientations. . .
choice for fixed solar panels.

Practical Deviations
Small deviations of £15° are

acceptable with minimal energy
loss, offering a practical
compromise for installations
constrained by roof shape or

shading.

’ Key Takeaway: Always prioritize a true south orientation for fixed solar panels to maximize your return on

investment.



CHAPTER 05

System Sizing for Maximum Energy Yield




Designing the Right System Size

u Load Profile Analysis

Accurately assess the magnitude and
timing of consumption. Identify key

appliances and their usage patterns.

Il Battery Storage Capacity

For off-grid systems, size for
autonomy days (e.g., 2-3 days backup)
to handle periods without sun.

j Solar Resource Assessment

Size based on the worst month’ s peak
sun hours to ensure year—round

reliability, not just peak seasons.

. Safety Margin Buffer

Include a 10-30% buffer to account for
system degradation over time and

unexpected load changes.

’ System Efficiency Losses

Account for real-world losses
(inverters, wiring, shading). Assume a

typical system efficiency of 70-80%.



CHAPTER 06

Case Studies: Real-World Applications




Case Study 1: Powering Healthcare in Port

Harcourt

B Project Background j 4. 4 kWp

Powering a rural PHC in Nigeria with no grid access. Critical ,
) ) ) ) . . . PV Array Capacity
services include vaccine refrigeration and medical equipment.

Y . .
o System Configuration = 20 kWh

e 4.4 kWp PV Array | 20 kWh LiFeP04 Battery | 5 kVA Inverter

LiFeP0O4 Batt St
* Daily Load: 7.0 kWh (Designed for July s 3.24 kWh/m?/day) . B

51l Economic Analysis . $O. 14/kWh

* LCOE: $0.14/kWh (vs $0.60/kWh for diesel)
* Payback Period: Under 2 years compared to diesel Levelized Cost of Electricity (LCOE)

generators.



Case Study 2: Solar for Business in Kano

\

_m. Project Background

A grid-tied rooftop solar PV system installed for a

f Economic Analysis

commercial center in North Nigeria to reduce

electricity costs and improve power reliability. |! 75 OOO kWh
)

Annual Energy Generation

’ Key Design Parameters

% Daily Load:200 kWh

L 7T — 8 Years

Projected Simple Payback Period

o Design Basis: 6.0 kWh/m?*/day (Peak Sun)
P Configuration:50 kWp PV Array (Grid-tied)

N
A 1 Output:75, 000 kWh Y . .
NS0T pu The system significantly offsets grid electricity

bills, representing a sound long—term investment.



CHAPTER 07

Challenges and Mitigation Strategies

Key obstacles to widespread solar adoption in Nigeria and proposed solutions



Overcoming Hurdles to Solar Adoption

. High Initial Cost , Low Public Awareness R Inadequate Local Capacity
Upfront capital remains a major barrier ) ) >
i o General lack of understanding about Shortage of skilled professionals for
with limited access to affordable : . i ) : i
] ] solar technology s workings, long—term design, installation, and maintenance
financing for households and small ) ] e I )
: economic benefits, and reliability. limits deployment speed and quality.
businesses.
L g .
A\ Environmental Factors 6[® Regulatory Barriers
Northern dust reduces panel efficiency, while southern humidity i ) i i
Complex, inconsistent regulations, lengthy permits, and unclear

and coastal salt spray cause corrosion and demand higher i o i i
net metering policies create uncertainty for investors.

maintenance.



Pathways to a Solar—-Powered Nigeria

. Financial Incentives

Introduce subsidies, tax breaks, and
low—interest green loans to enhance

affordability and attract investors.

' Advanced Technologies

Promote anti-reflective coatings, self-
cleaning panels, and corrosion—resistant

materials for harsh environments.

- Public Education
Campaigns

Launch nationwide initiatives to raise
awareness about benefits, dispel myths,

and educate consumers on options.

EI Policy Reforms

Streamline bureaucracy, establish clear

net metering and feed—in tariffs to

create an investor—friendly environment.

@) Capacity Building
— Programs

Invest in vocational training to develop
a robust local workforce of solar

engineers, technicians, and installers.



CHAPTER 08

Conclusion and Recommendations

Summary of Key Findings & Strategic Roadmap



Policy & Implementation Roadmap

1]

Government & Regulators

. Establish National Agency

Oversee strategy, streamline permits, and

manage incentives

. Feed—in Tariffs & Net Metering

Guarantee grid access and fair

compensation for excess energy

. Subsidize Rural Electrification

Prioritize mini—grids and standalone

systems for off-grid areas

1

Businesses & Investors

® Solar-as—a—Service (SaaS)

Offer leases/PPAs to reduce upfront costs

for consumers

. Invest in Local Manufacturing
Build domestic capacity for

panels/inverters to create jobs

. Detailed Feasibility Studies
Identify high—potential regions for large—

scale solar farms.

@)
L)

Communities & Individuals

. Adopt Energy Efficiency First
Reduce demand through efficient appliances

before generation

. Form Solar Cooperatives
Pool resources for larger, cost—effective

community projects.

. Maintenance Best Practices
Regular cleaning and monitoring ensure

system longevity.



Future Outlook: Emerging Trends

' Smart Solar & IoT Integration

Smart inverters and lIoT sensors enable real—-time
monitoring and predictive maintenance, maximizing system

uptime and grid efficiency.

r‘;ﬁ Community Solar & Shared Assets

Models like community solar gardens allow households and
small businesses to access solar benefits without

individual rooftop installations.

B Energy Storage Revolution

Advancements in Lithium Iron Phosphate batteries and
falling costs are critical for overcoming grid

instability and enabling true energy independence.

. Agrivoltaics

Combining solar installations with agriculture allows
land to be used for both food production and clean

energy, increasing overall productivity.



KEY CONCLUSIONS

)

Enormous Untapped Potential

Nigeria has the most promising solar resources to solve the
energy crisis, with enormous potential that is yet to be
fully developed.

Necessity of Differentiated Design

Optimizing tilt angles and orientations for different

climate zones is key to maximizing energy output.

Precise System Sizing

System configuration based on detailed load analysis and

worst—month data ensures reliability and cost—-effectiveness.

Importance of Multi—Stakeholder Collaboration
Governments, private sectors, and civil society must work
together to overcome challenges in funding, technology, and

regulation.
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