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Executive Summary

Embedded generation gives Nigerian electricity distribution companies (DisCos) the opportunity to
improve their supply of electricity to customers independent of the problematic national grid while
maintaining control of their franchise areas. The renewable embedded generation (REG) business model
described in this report enables DisCos and developers to collaborate to deliver improved electricity
services to customers through embedded generation.

Despite its potential, the growth of embedded generation in Nigeria has been limited, mostly due to
concerns about DisCos’ ability to pay for electricity purchased. As a result, existing embedded generation
business models in Nigeria either involve energy project developers supplying DisCos with excess electricity
from generation assets built for another purpose (e.g., on-grid generation plants with excess capacity,
captive generation plants, or minigrids) or a developer supplying a distribution network not operated by a
DisCo (e.g., through an independent electricity distribution network or a sub-franchising agreement).

Although these business models allow developers to reduce the risk of DisCo nonpayment, they have
limited scalability. Through their franchises, DisCos have the exclusive right to supply electricity to most
areas of the country and therefore alternative electricity suppliers can only supply areas where the DisCo
does not currently operate or where the DisCo grants them permission to supply customers.

The REG business model improves supply for customers by combining solar photovoltaic (PV), battery
storage, and thermal generation. Through the inclusion of solar PV, the REG plant increases supply for

all customers in the REG customer cluster while the inclusion of battery storage and thermal generation
enables the provision of 24/7 reliable power to a subset of customers called premium customers. The model
addresses the concerns of DisCo nonpayment by directing REG customer payments into an independent
collections account (ICA). The ICA uses customer meter numbers to identify customers on REG feeders and
directs their payments into a separate account that is not directly managed by the DisCo.

Providing additional generation to DisCos increases their electricity sales and therefore their revenue. In
addition, the REG business model provides DisCos with capital to improve their distribution network and
meter their customers, reducing their losses and improving their profitability. Furthermore, by charging
customers cost-reflective tariffs, the REG business model boosts DisCos’ profitability. Finally, the REG
model also helps DisCos prevent premium customers from defecting from the grid while bringing back
those who may have already defected.

The REG business model also reduces electricity costs for customers compared with their current mix of
grid supply and self-generated electricity. Premium customer costs can be reduced by up to 50%, while
nonpremium customer costs are reduced by 20%-30%. For developers, the REG business model provides
access to a larger customer pool, a de-risked structure for collaborating with DisCos, and access to
funding from climate-focused financiers.
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To implement a DisCo-initiated REG project, the DisCo will have to identify and analyze potential REG
clusters to select an appropriate location, prepare the project for developer procurement by collecting
data and engaging customers, and conduct a rigorous process of developer procurement to select a
qualified developer to implement the project. After a developer has been selected, both parties will
negotiate contracts; conduct project development activities such as collecting detailed data, designing
the REG solution, and obtaining land; construct and test the REG solution; and operate the generation
and distribution assets as required to ensure customers have improved supply.

For successful project implementation, the DisCo and the developer need to work together to collect

and analyze accurate data on customer electricity demand, customer population within the REG cluster,
commercial data on electricity consumption and DisCo revenue in the cluster, distribution network data,
and demographic data. By collecting data across these categories, the developer and the DisCo will

be able to accurately size the REG system, estimate financial returns for the project, determine which
distribution network upgrades are required, and ensure that the project is designed to meet the needs of
all customers.

DisCos, developers, electricity users, investors, and regulators can work together to support the REG
business model to contribute to improving electricity service delivery in Nigeria. To do this, demonstration
projects that can showcase the model and test the business model concepts will need to be executed. The
document templates used for the REG demonstration projects need to be standardized within the industry
and widely disseminated for scaling. Finally, the lessons from the demonstration projects should be
captured and shared widely with stakeholders to improve the design of future projects.
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Introduction

Embedded generation is electricity generation that is connected at the distribution level rather than at
the transmission level. This gives Nigerian electricity distribution companies (DisCos) the opportunity to
improve their power supply to customers independent of the national grid. Given the well-documented
generation and transmission challenges on the Nigerian national grid, this option is valuable for DisCos,
particularly in areas with high concentrations of commercial and industrial (C&l) customers who need
reliable electricity and are likely to disconnect from the grid if DisCos cannot guarantee reliability.

Although Nigeria enacted a regulation enabling embedded generation in 2012, growth has been limited.?
Concerned about DisCos’ ability to pay for electricity purchased and the poor state of the network
infrastructure, energy project developers have been wary of starting embedded generation projects to sell
electricity to DisCos.

Exhibit 1 Comparing embedded generation to other distributed
energy resource (DER) models

Embedded Franchising DisCo- Interconnected | Off-grid

generation enabled C&l | minigrids minigrids

Does the DisCo
maintain a direct

relationship with \/ X \/ ‘/ N/A
its customers?

Is the DER

connected to \/ \/ \/ ‘/ X

the distribution
network?

Are a group of

customers served as \/ \/ X \/ \/

a cluster?

Can the generation

capacity be larger \/ \/ ‘/ X X

than 1 MW?

Source: RMI

The few existing embedded generation projects in Nigeria are fossil fuel based.> However, steep cost
declines for renewable energy technologies such as solar photovoltaic (PV) modules and lithium-ion
batteries — both declined in cost by about 90% between 2010 and 2020 — have made them viable
options for embedded generation projects.*

i The majority of fuel-based embedded generation projects are not procured by DisCos. Instead, they are procured by
developers supplying C&I customers.
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By reducing fuel consumption, these technologies can decrease the overall cost of embedded generation
projects and limit exposure to volatile fossil fuel prices. Additionally, as investors increasingly seek

to align their investment portfolios with net-zero targets, funding for renewable energy projects is
becoming more accessible.

To catalyze the growth of embedded generation in Nigeria, UK Partnering for Accelerated Climate
Transitions (UK PACT) funded RMI and Lion’s Head Global Partners (LHGP) to collaborate with a group of
core partners to develop the Renewable Embedded Generation (REG) project. Those partners are Abuja
Electricity Distribution Company, Eko Electricity Distribution Company, Ibadan Electricity Distribution
Company, lkeja Electric, the Lagos State Government Ministry of Energy and Mineral Resources, and
Viathan Engineering Limited.

In this project, RMI, LHGP, and the core partners developed the REG business model, created a replicable
data-driven methodology for identifying and prioritizing REG projects, and prepared pilot projects with
partner DisCos for implementation. Throughout the project, the business model was shared with a broad
group of electricity sector stakeholders to gather feedback and improve the model design, including the
Nigerian Electricity Regulatory Commission (NERC) to ensure regulatory compliance and support for the
business model.

This report aims to share the REG business model with the broader electricity sector. It provides:

® Asummary of the problem the REG business model is intended to solve and how it differs from existing
embedded generation business models

® Adescription of the REG business model and detailed explanations of its key innovative features
® The benefits of the REG business model to critical stakeholders

® (Critical considerations for implementing the business model

Unlocking Renewable Embedded Generation in Nigeria rmi.org/9



The Need for the Renewable
Embedded Generation Business Model

The Existing Situation

The Nigerian national grid falls short of providing reliable electricity supply to consumers due to problems
across all segments of the electricity value chain. At 12.5 GW, the installed generation capacity is less than
half the estimated peak customer demand.® Worse, much of this installed generation capacity is usually
unavailable or goes unutilized due to gas supply constraints. Consequently, Nigeria’s peak generation is only
5.8 GW.® The transmission network only has a wheeling capacity of about 7.5 GW — less than the installed
generation capacity — and due to its radial network and outdated infrastructure, grid outages are frequent.”

In 2022, the national grid experienced numerous system collapses.® In 2020, aggregate technical,
commercial, and collection (ATC&C) losses in the distribution sector averaged 49% across all DisCos and up
to 78% for some DisCos due to outdated network infrastructure, rampant energy theft, and low metering
levels.® This compounds Nigeria’s generation and transmission problems. Due to the high losses, DisCos
cannot pay for electricity purchased from the national grid, limiting the funding available to the generation
and transmission sectors.

As a result of these problems across the sector, many electricity users have to supplement their power
supply with self-generation, mainly through inefficient, noisy, and polluting diesel or petrol generators.
There are 14-42 GW of distributed diesel generators in Nigeria.'°

DisCos lose revenue and electricity costs increase for
customers due to the high cost of self-generation.
Additionally, the defection of customers like

these from the grid reduces cross-subsidization of
residential and small and medium-sized enterprises
by these large C&I customers, increasing tariffs for
residential customers and SMEs.

Many customers, mainly C&I, are willing and able to pay for reliable power. However, because DisCos cannot
meet this need, these customers have completely or partially defected from the grid and rely on self-
generation — usually from diesel generators but increasingly from solar PV DER systems or gas generators

— for reliable power. For example, in 2022, Lagos Business School, a large C&I customer, secured funding to
reduce its soaring operating electricity costs by installing solar PV. ** Meanwhile, Nigerian Breweries PLC signed
an agreement to outsource critical power loads for its breweries in Kaduna using renewable energy.*?
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When this happens, DisCos lose revenue and electricity costs increase for customers due to the high
cost of self-generation. Additionally, the defection of customers like these from the grid reduces
cross-subsidization of residential and small and medium-sized enterprises (SMEs) by these large C&I
customers, increasing tariffs for residential customers and SMEs.

The Unfulfilled Potential of Embedded Generation

NERC developed the 2012 Embedded Generation Regulation to enable DisCos to take advantage of the
potential that embedded generation offers, but uptake in Nigeria has been slow, with only a handful of
embedded generation projects currently operating.

The primary reason for this, according to discussions RMI has had with DisCos, developers, and investors,
is concerns among energy project developers about DisCos’ ability to pay for electricity supplied. As
discussed above, DisCos’ high ATC&C losses lead to liquidity issues that limit their ability to fulfil their
obligations to suppliers and make additional investments to their infrastructure. Given these concerns,
existing embedded generation business models in Nigeria are designed to avoid or reduce the risk of
DisCo nonpayment. No embedded generation projects in Nigeria are explicitly built to supply electricity
to DisCos.

By bypassing the national grid’s generation and transmission challenges and increasing the amount of
electricity DisCos have available to sell to customers, embedded generation can help DisCos improve
supply on their networks and prevent key customers from defecting.™ Because DisCos drive the
procurement of embedded generation, the DisCo can ensure that this additional supply is developed
in the areas where it will be most beneficial. Embedded generation can also improve reliability to other
customers beyond the customers it directly supplies because electricity from the national grid that
would have been initially supplied to those customers can now be redirected to other customers.

The Importance of DisCos’ Ability to Off-Take Embedded Generation

Developers’ reluctance to build embedded generation projects to supply electricity to DisCos is a rational
response to the risk of DisCo nonpayment, but it restricts the scalability of embedded generation.
Through their franchises, DisCos have the exclusive right to supply electricity to most areas of the
country. As a result, alternative electricity suppliers can only supply areas where the DisCo does not
currently operate or where the DisCo grants them permission to supply customers.

Exhibit 2 discusses existing embedded generation business models in Nigeria, how they limit the risk of
DisCo nonpayment, and their scaling limitations.

i Transmission challenges have contributed to grid collapses in Nigeria. These can be attributed to factors including
vandalism or theft of transmission equipment, capacity constraints from the transmission substation, and aging national
grid infrastructure.
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Exhibit 2

Business model

How it reduces DisCo

nonpayment risk

Existing embedded generation business models in Nigeria

Scalability limitations

Existing on-grid generator
with excess capacity enters

a bilateral agreement to sell
electricity to a DisCo

Existing off-grid generator
(e.g., captive or minigrid)
with excess capacity enters
a bilateral agreement to sell
electricity to a DisCo

For both business models,
the generation plant was built
for another purpose and is
only supplying the DisCo from
excess capacity that would
otherwise have gone unused.

Consequently, if the DisCo is
unable to pay for electricity
supplied, the developer can
stop supplying the DisCo with
no adverse effects on the
expected returns from the
project’s main customer(s).

Because on-grid supply in Nigeria is
inadequate to meet demand, thereis a
limited amount of excess supply on the
grid. This excess supply is only available
in certain areas or during specific
periods, which is inherently unscalable.

Similar to the first business model,
excess off-grid capacity is only available
in certain areas and at certain times,
limiting its scalability. Given the
distribution network’s limitations,
improvements are often required

for supply from these sources to be
integrated into the DisCo’s distribution
network, but DisCos are unable to
invest in these improvements due to
liquidity constraints.

Newly built embedded
generation plant supplies
customers through an
independent electricity
distribution network (IEDN)

DisCo cedes section of its
network to sub-franchisee,
sub-franchisee procures
embedded generation for area

In these business models, the
developer supplies electricity
to a distribution network

not operated by a DisCo. As
such, the nonpayment risk of
supplying electricity to DisCos
is eliminated.

IEDNs require regulatory approval,
which is only granted under a
restricted set of circumstances.
Additionally, even when it is possible
to obtain an IEDN license, the project
may face right-of-way issues for
construction of distribution lines.

DisCos are unwilling to cede certain
areas of their network to other parties,
so the sub-franchising model can

only be applied in a limited number

of areas.

Source: RMI
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The REG Business Model

To scale embedded generation in Nigeria, new business models must incentivize developers to build
new embedded generation plants to supply electricity to DisCos by providing a mechanism to separate
embedded generation project revenue from the DisCo’s broader liquidity issues.

The REG business model is designed to achieve this. In this business model, a developer builds a renewable
embedded generation plant that combines solar PV, battery storage, and thermal generation, and supplies
electricity to the DisCo through this plant. The DisCo integrates the electricity supplied from the REG plant
with supply from the main grid to increase supply for all customers within the selected customer cluster
(see Exhibit 3).T

By including battery storage and thermal generation, the embedded generation installation enables the
DisCo to provide 24/7 reliability for a specific subset of REG customers called premium customers, while the
solar PV generation increases daytime supply for all customers, including nonpremium customers.

Improvements to the distribution network need to accompany the introduction of additional generation
through REG to provide customers with a reliable supply. To achieve this, the embedded generation
developer will also fund distribution network upgrades and metering in the customer cluster to minimize
distribution network outages. These upgrades will be carried out by the DisCo (or a chosen contractor) and
be repaid from the DisCo’s share of the REG project’s revenue over an agreed-upon timeline between the
DisCo and the developer.

Premium customers receive a higher level of service than nonpremium customers, so they pay a premium
tariff.” Nonpremium customers continue to pay the service-based tariff for the number of hours of supply

they receive. Supply-level differentiation between premium and nonpremium customers is implemented

by installing smart controls on the distribution network that can respond to commands from the network
operator to disconnect supply to specific sections of the network.

Improving the Scalability of Embedded Generation

To address concerns about Nigerian DisCos’ liquidity issues, the REG model directs customer payments
from REG-served feeders into an independent collections account (ICA). The ICA is a payment mechanism
that separates REG customer payments from the DisCo’s existing collections accounts, providing revenue
assurance for developers without requiring DisCos to enter escrow arrangements that tie up scarce capital.

iii A REG customer cluster primarily refers to the group of customers selected to receive supply from the REG installation. In areas
where customers are connected through 11 kV feeders, the cluster could be a section of an 11 kV feeder, a single 11 kV feeder,
or a group of 11 kV feeders. Where customers are directly connected to 33 kV feeders, the cluster will most commonly be a
section of the 33 kV feeder.

iv A premium tariff is a service-based tariff agreed upon between the DisCo and the customer in a power purchase agreement.

Unlocking Renewable Embedded Generation in Nigeria rmi.org /13



The ICA uses customer meter numbers to identify which customers are on REG feeders and directs their
payments into a separate account that is not directly managed by the DisCo. At the end of each month, the
ICA manager makes disbursements to the developer and the DisCo for electricity supplied.

Depending on the preferences of the developer and the DisCo, the ICA could be managed by a third-party
contractor or a special-purpose vehicle (SPV) co-managed by the developer and the DisCo. See Appendix A
for additional details on the ICA.

Exhibit 3 The REG business model
& o
Transmission e Non-REG Customers
Substation
—¢H -0 (&) o
Distribution\ REG Customers Independent
Substation Collections Account
L 'y
Renewable Developer
Embedded Flowof: [ Electricity [ Payment [ Services

Generation

A developer builds a solar PV embedded generation plant to increase supply to the feeder along with enough
battery storage and fossil fuel backup to guarantee 24/7 reliability to premium customers

The developer funds distribution network upgrades and metering

The REG interconnects at a distribution substation. Premium customers receive 24/7 supply; the hours of supply for
nonpremium customers increase compared with current supply

A mix of REG electricity and electricity from the main grid is sold to REG customers at premium tariffs for premium
customers and service-based tariffs for nonpremium customers

Excess electricity is sold to customers on non-REG feeders at service-based tariffs
Customer payments from REG-served feeders go into an ICA
Customer payments from non-REG feeders go into the DisCo’s existing accounts

Disbursements are made from the ICA to the DisCo and the developer
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Benefits of REG for Participants

A Business Opportunity for Nigerian Distribution Companies

The REG business model provides many benefits to DisCos. By providing additional generation to DisCos, it
increases their electricity sales and, therefore, their revenue. In addition, the REG business model provides
DisCos with access to financing to improve their distribution network and meter their customers, thereby
reducing their losses and improving their profitability. Also, by charging premium customers a premium
tariff and improving supply for nonpremium customers (potentially moving them to a higher tariff band),
the REG business model further boosts DisCos’ profitability.

The REG model also helps DisCos prevent premium customers from defecting from the grid while bringing
back those who may have already defected without requiring them to cede those customers to other
service providers.

Exhibit 4 Net present value (NPV) of DisCo operating income
on an illustrative feeder improves with REG
40 Billion Naira e
20
Business-
as-Usual

(BAU) Costs

REG Costs

BAU Revenue REG Revenue

REG Operating
BAU Operating Income
Income
-20
-40
Il Supply to Premium Customers from Bulk Grid Supply to Nonpremium Customers from REG
[ Supply to Nonpremium Customers from Bulk Grid [ Excess Supply from Bulk Grid
[l Supply to Premium Customers from REG
Source: RMI
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Exhibit 4 shows how the REG business model improves DisCos’ operating income compared with business as
usual (BAU). This example uses an illustrative feeder on tariff band D with a peak load of 13 MW, assumed to
have 30% premium customer load and 70% nonpremium customer load.’ The REG system required to serve
this feeder consists of 12.5 MW of solar, 2 MW of gas, and 0.5 MWh of lithium-ion battery storage.

Exhibit 5 shows the dispatch of REG on the illustrative feeder for a representative day, though grid outages
are randomized in the model and happen at different times every day. Solar generation is used for all
customers, while gas and battery storage are only used for premium customers to guarantee 24-hour
reliability. More details on the modeling approach and assumptions are included in Appendix B.

The DisCo's initial BAU operating loss of 5 billion naira over 20 years on this illustrative feeder is improved
to a positive operating income of 8 billion naira from implementing REG. Before REG, revenue collected
from nonpremium customers was lower than the cost of serving them due to high ATC&C losses, which
meant the DisCo was making a loss on the feeder. Grid upgrades and smart metering solutions significantly
reduce these losses; however, DisCos still make a slight loss on nonpremium customers with REG because
nonpremium customers remain on service-based tariffs, which are not cost-reflective of REG energy.

Exhibit 5 REG business model electricity dispatch
on a representative day

12 — B Battery [ SolarPv [ Grid [l Gas — Premium = =Total
Load Load
- - - - -~ - - Lnd N

8 —
°
1]
ot
s
[
c
(]
o
=
=

4 —

0

0 1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Grid available Grid outage Grid available
Hours in a day

Source: RMI
v Tariff band D corresponds to 8 hours of supply daily, on average.

Unlocking Renewable Embedded Generation in Nigeria rmi.org/16



The benefits of providing REG to premium customers make up for this: DisCos gain additional electricity sales at
premium tariffs from REG, which replaces the self-generation that customers usually rely on during grid outages.
Revenue also comes from excess grid energy due to ATC&C loss reduction, which can be redirected to other feeders.

Cost Savings for Commercial, Industrial, and Residential Customers

The REG business model reduces electricity costs for customers compared with their current mix of grid
supply and self-generated electricity. Premium customers are expected to be large commercial, industrial,
and high-income residential customers; these customers are willing to pay higher cost-reflective tariffs for
24-hour reliability. Nonpremium customers are expected to be small commercial and residential customers.

Premium customer costs decline by 40%-50% because the REG completely replaces self-generation (see
Exhibit 6). This more than compensates for the tariff increase from service-based tariffs to a premium tariff
of 90-110 naira/kWh, a blended tariff that includes grid and REG energy.

Areduction in self-generation, made possible by new REG supply and increased grid supply — from grid
upgrades and ATC&C loss improvements — decreases costs for nonpremium customers by 20%-30% (see
Exhibit 5). Therefore, these customers can avoid high diesel costs during some outages.

Although the REG is not designed to guarantee supply to nonpremium customers, when an outage occurs

during daylight hours and if sufficient spare gas capacity is available for balancing, solar energy from the

Exhibit 6 Customer energy consumption breakdown

80 GWh

60

40

20

0

Premium Premium Nonpremium  Nonpremium Overall Feeder Overall Feeder
Customers BAU Customers REG Customers BAU Customers REG BAU REG
M Grid Energy Consumption [l REG Energy Consumption [l Self-Generation
Source: RMI
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REG can be used to supply nonpremium customers. Nonpremium customers are expected to have three to
four more hours of supply per day from the grid and REG combined compared with the current grid supply,
so they can be moved up from tariff band D to band C.“

An Attractive Investment Opportunity for Developers and Financiers

The REG business model is an attractive investment opportunity for developers and financiers. The
collaboration among all parties on the REG business model provides access to a larger customer pool for
DER developers and greater investment opportunities for financiers. Currently most DER developers work
on smaller projects for single customers or in areas where the DisCo is not operating. However, the REG
business model allows developers to build larger projects that serve clusters of customers.

The clear definition of assets, cash flows, and customers will also lead to more confident investment in the
REG business model, particularly as pilot projects demonstrate success. Customer usage data will become
more valuable over time, allowing developers and third-party companies to leverage the data generated for
additional services. With this increased visibility, potential investors can begin to regard the REG business
model as substantially de-risked, helping to crowd in further investment and leading to faster and more
widespread deployment across the country.

Additionally, the structure of the REG business model allows developers to charge a premium and cost-
reflective tariff to provide customers with the optimal mix of reliability and power. Investors are, therefore,
able to earn a sufficient return within the regulatory framework.

The REG business model also opens new investment opportunities for investors. As this business
model becomes more established, and with continued assistance from regulators, there will be more
opportunities for diversified investment strategies. DER developers will continue to grow and transition
from smaller corporations requiring private bilateral or syndicated funding to larger institutions that
can access the local capital markets (directly or through intermediaries), offering diversified investment
opportunities to domestic institutional investors.

There is demonstratable demand from domestic and international investors for clean-energy projects that
support the energy transition. This business model provides a viable avenue for climate-focused investors to
deploy their funds toward larger-scale renewable energy projects. REG projects will have a positive impact on
carbon reduction, given the model’s focus on low-reliability areas and areas with a need to replace existing
and expensive diesel self-generation. As a result, the economic and the impact cases are aligned.

vi Tariff band C corresponds to 12 hours of supply daily, on average.
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Critical Considerations
for Implementation

Implementation Actions

This section discusses the proposed process for implementing a DisCo-initiated REG project. Although
projects can also be initiated by customers and developers, it is expected that most REG projects will be
initiated by DisCos. This is because DisCos have the most information about which areas of their network
are likely to benefit most from embedded generation and which areas have been targeted for other supply
improvement initiatives.

The major steps for implementing a REG project are:

1. Identify potential REG clusters: The DisCo gathers and analyzes customer data to identify areas
with significant commercial potential, as evidenced by high usage of self-generation, high demand
for electricity, and a high presence of maximum-demand (MD) customers who can serve as premium
customers. The DisCo then visits these short-listed sites to verify the initial data analysis and gather
additional context for the area. Finally, if necessary, the DisCo demarcates the sections of the cluster
that will be included in the REG project.

2. Prepare the project for developer procurement: The DisCo further develops the business case for
implementing the REG project in the cluster to ensure that qualified developers can be attracted to
participate in the procurement process. Successfully executing a REG project requires a developer
with strong financial backing, appropriate technical expertise, and a solid track record of project
execution. Such developers will only be interested if they are convinced the project is commercially
and technically viable.

As a result, the DisCo needs to collect information that will allow prospective developers to assess
the project accurately by assessing the current state of the distribution network in the area, engaging
potential premium customers to gauge their interest, gathering data for a preliminary financial
analysis, and developing the internal processes for the operation of the ICA.

3. Procure adeveloper: This is a two-stage process. First, the DisCo issues a request for qualifications
(RFQ) to identify a pool of prequalified developers, to whom it then issues a request for proposals
(RFP). This process enables the DisCo to manage the provision of potentially sensitive data by
ensuring that only developers prequalified through the RFQ process receive detailed data on the
site. Additionally, it reduces the effort required to assess full proposals; only a smaller number of
developers will get to the RFP stage, where they will submit full proposals.

To reduce the time required for developer procurement, the DisCo can periodically issue RFQs not
attached to a specific project so that it can move directly to issuing an RFP. An essential part of the RFQ/
RFP process is making sure that developers have actionable gender equity and social inclusion (GESI)
plans and monitoring and evaluation processes for these plans.
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4, Negotiate contracts: Two key contracts or agreements govern the stakeholder relationships for a
REG project: the embedded generation agreement between the DisCo and the developer and the
power purchase agreement (PPA) between the DisCo and the premium customers. In this step, the
DisCo negotiates these contracts with the developer and customers to ensure that stakeholders
understand their roles and responsibilities, that all parties are happy with the allocation of duties, and
that the operating framework for the project is clear to all parties. These agreements will cover issues
such as the tariffs for electricity sales, expected levels of reliability, how the ICA will be managed,
processes for resolving disputes between parties, and the allocation of risks.

5. Develop the project: The selected developer collects detailed data on the cluster so it can design a REG
solution that meets customers’ needs, identifies a suitable site to install the REG solution, begins the
process of obtaining the land, and works to secure financing and any necessary regulatory approvals.

Concurrently, the DisCo conducts grid integration studies to clarify how the embedded generation will
interconnect with the distribution network, validate the initial distribution network assessment, and
determine the operational adjustments required to facilitate differentiated supply levels for premium
and nonpremium customers. Additionally, the DisCo builds staff capacity to ensure its employees can
make the operational adjustments required by the REG business model and provides support to the
developer as needed.

6. Construct and test: The developer builds and installs the REG system while the DisCo upgrades the
distribution network. The developer funds the required upgrades, but they are carried out by the
DisCo or a chosen contractor.

For the REG project to operate as designed when fully launched, the REG system construction and

the distribution network upgrades should be completed in phases. The REG system should be tested
in a portion of the cluster before expanding operations to the whole cluster. Testing, evaluating, and
refining the newly developed operational processes in a smaller, controlled area before implementing
them more widely limits the consequences of any issues and minimizes potential customer
dissatisfaction.

7. Operate the project: The developer and the DisCo operate and maintain the generation equipment
and the distribution network, respectively, to supply energy to the customers.

If a developer initiates a project, it is responsible for the identification of potential REG clusters and project
preparation, and developer procurement is skipped. The remaining steps are carried out similarly to the
DisCo-initiated project guidelines, with the developer leading the project development and construction

and testing steps.

If a customer initiates a project, the step of identifying potential REG clusters is skipped, and all other
actions proceed as discussed.

Atimeline of the implementation steps is included in Appendix E.
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Data Collection

Successfully implementing a REG project requires the DisCo and the developer to collect and analyze detailed
and accurate data on the REG cluster. This ensures that the developed REG solution will meet the customers’
needs and allows participating parties to estimate the expected benefits of participating in the REG project.

Five types of data are required for implementation:

® Electricity demand data: Customer demand data is essential for accurately sizing the REG solution.
Undersizing can lead to outages, and oversizing can lead to poor financial returns. When the project is
operating, monitoring customer demand enables network operators to analyze customer electricity
consumption trends and identify additional generation needs.

® Customer population data: Data on the size and composition of the customer base in the REG cluster
enables accurate estimation of revenue, metering costs, and potential load growth.

® Commercial data: This refers to data on customer electricity consumption, tariffs, ATC&C losses, and
the ability to pay for electricity. Customer commercial data helps to validate financial modeling and
estimate the financial value that can be unlocked by loss reduction. Additionally, continuing to collect
this data while the project is operating will enable the measurement of the REG project’s impact on the
DisCo’s commercial performance.

® Distribution network data: By collecting data on distribution network issues, the location of these
issues, and their impact on network operation, the DisCo and the developer can accurately estimate
the cost of addressing network issues. By monitoring the distribution network when the project is
operational, losses, energy theft, and faults can be identified quickly and rectified as soon as possible.

® Demographic data: Data on income, gender, age, disabilities, and more for customers in the REG
cluster can be used to measure the REG project’s impact on different customer groups, particularly
marginalized groups. This data can be used to establish a baseline of the demographics in the cluster
and ensure that marginalized groups are identified, and their needs are accounted for in the project’s
design. In the operation stage, continued data collection is required to measure the impact of the REG
project on marginalized groups.

See Appendix F for more details on the data required for the initiation, development, and operation of a
REG project.
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The Path Forward

Stakeholders have an excellent opportunity to use the REG business model to help close the energy access
gap in Nigeria. DisCos, developers, financiers, government and regulators, and other sector enablers can
work together to make this happen for the benefit of all. The existing embedded generation regulation
allows stakeholders to implement the business model immediately by following these steps:

® Execute demonstration projects: Demonstration projects are necessary to prove the case for the REG
business model. To accomplish this, demonstration projects need to move toward construction and
financing. DisCos and developers need to undertake good-faith efforts to test demonstration projects
and fully understand the opportunity presented. Initial pilot projects have also been designed to be
independently viable and sufficiently sized to be attractive as stand-alone financing opportunities to
investors seeking carefully managed early-stage development risk within the sector.

The key to unlocking the demonstration projects is identifying sources of equity, or junior equity, which
can serve as a de-risking mechanism for projects by taking a first-loss position and can help crowd in
additional equity or even junior debt. This would be different from a typical grant in that it still has the
expectation of a return, albeit a much lower one, and is in place to help prove the commercial viability
of the demonstration projects. Junior equity can help create a pathway toward more sustainable
financing, particularly once investors gain more comfort with the business model and the returns from
the demonstration projects.

® Standardize document templates: Document templates used for REG demonstration projects need
to be standardized within the industry and widely disseminated for scaling. During the demonstration
projects, developers and DisCos can prepare these and incorporate lessons learned. Some of these
documents include the RFQ and RFP used during procurement of a developer, contracts between the
developer and the DisCo, and contracts between the DisCo and premium customers. Financial models
are needed to calculate indicative investor returns with all standard inputs to the model.

® Share lessons from demonstration projects: Lessons learned from the demonstration projects need
to be captured and shared with all stakeholders within the industry. Operations insights should be
collected and analyzed for the demonstration projects. This operational data can offer insights into
the projects’ operations and identify areas where operational performance can be improved in future
projects. This can be done through a REG installation register that will contain the location and details
of demonstration REG projects, provide project visibility to stakeholders, and facilitate lesson learning
from the demonstrative projects.
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How REG Can Progress Gender
Equity and Social Inclusion

DisCos need to consider GESI when assessing the customers who will benefit from REG. Women and
marginalized groups are disproportionately affected by lack of access to energy. REG and similar projects
should try to bridge this gap by focusing on affordability and access. The REG business model addresses
the need for affordability by including nonpremium customers who stay on service-based tariffs but benefit
from grid upgrades, metering, and improved supply, which premium customers subsidize. Additionally, REG
will benefit marginalized communities and contribute to a just energy transition by providing employment
opportunities for members of marginalized communities in the construction and operation of REG projects.

Initial data collection for REG customer clusters should be sex-disaggregated and focus on diverse customer
segments and their energy needs during project development. The project is an opportunity to empower
women in the selected communities, which can lead to economic growth and improve quality of life for
women and their families.

Also, the energy sector remains male-dominated, with few women in leadership, technical, and supervisory
positions. Research suggests that integrating women into all stages of the energy value chain leads to

more effective and efficient clean-energy initiatives, unleashes greater return on investments, and expands
emissions reduction opportunities.* GESI considerations should be included in the initiation, development,
construction, and operation phases of the REG project.

Initiation phase:

® FEncourage women-led developers to bid by directly advertising the procurement to female-focused
energy groups.

® |nclude the percentage of women staff as a metric when assessing developers’ bids.

® Require developers to have a gender equality/gender-based violence officer.

® Require capacity building around skills and jobs for women and other marginalized groups in the bid criteria.

Development phase:

® Collect data prioritizing diverse groups to ensure all perspectives are considered, including women,
young people, and other groups marginalized by disability, occupation, religion, or ethnicity. Consult
with community leaders and women’s organizations.

® Conduct an environmental and social impact assessment during site selection to determine the effects

of the generation plant on women and children in the area and explore opportunities for equity and
inclusion measures.
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Construction phase:

® (Collect data related to skills development, employment opportunity, and customer-related aspects to
ensure customer-centric energy services delivery.

® Provide skills training for women and youth to benefit and play roles in the construction and operation of REG.
® Maintain constant community engagement throughout the project lifetime.

® Provide hands-on learning opportunities for women engineers. An on-site training program can be
designed to enhance their exposure to the construction and operation of energy systems and aid their
professional growth. This will help create an entry point for women in the communities and beyond to
gain valuable exposure to career pathways in the energy sector.

® To combat sexual exploitation and abuse at the worksite and community level, build in measures to
ensure women and girls are safe at construction sites, including transport, codes of conduct, and
sharing details on age-of-consent agreements with employees on site.

Operations phase:

® Train women and vulnerable groups in operational processes such as maintenance, security, and
customer care.

® When hiring operational staff, focus on women’s employment and other social inclusion measures.
Use language encouraging women candidates, set targets, and approach women's professional
associations to identify talent.

® Design customer care and payment methods with a consumer-centric focus, prioritizing affordability,
usability and accessibility, transparency, customer care, and safety, in line with processes already
familiar to communities. Consult with community leaders, women’s groups, and members on the
design of these processes.

® Explore roles for community members in service delivery and bill payment, such as energy theft
reduction through community mobilization.

® Document various GESI outcomes and impacts, such as time poverty reduced, income enhanced for
women-led enterprises, and jobs created.

This list is not exhaustive and will vary by context but provides an overview of how equity can be integrated
into a REG project throughout its lifetime.
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Appendices

Appendix A: The Independent Collections Account

Exhibit Al How the ICA can leverage DisCos’ existing collections
processes

Customers pay through DisCos’ Payments from REG meter

approved collections agents (as P—QI'—| numbers are delineated and P_‘I'_|
" normal), payments are sorted > Dsy ~ paid into the independent —> Dsy

into REG and non-REG through collections account daily
customer meter numbers .
Agents Collections Account Independent Collections
Account
Non-REG meter payments l

REG

Customers

remitted directly to DisCo
accounts daily (as normal)

Independent collections /l,

account manager disburses

2 funds to developer and

% / DisCo per PPA terms &@

Non-REG DisCo Collection Accounts Developer

Customers DisCo remits revenue to its Central Remittance
Account (per NERC/CBN stipulations)

Source: RMI DisCo Central Remittance Account

Appendix B: Modeling Approach
This approach was used to estimate the costs and benefits of REG for customers, DisCos, and developers:

1. Use HOMER Pro software to size the REG system’s solar, gas, and batteries using load data from DisCos
and resource cost estimates.

2. Calculate the developer PPA tariff needed to recover costs for the REG system in line with the
developer’s target internal rate of return (IRR).

3. Calculate customer tariffs by adding the DisCo distribution use of system (DUOS) cost, grid upgrades,
and metering costs to the developer PPA tariff.

4. DisCo costs come from the developer PPA, and DisCo revenues come from the customer tariff and DUOS.

5. Grid upgrade and metering costs are passed on to premium customers.
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Appendix C: Customer Assumptions for an Illustrative Example

Generic Analysis Load Profile

Premium and nonpremium load profiles were created using generic data for industrial, commercial, and
residential customers. The illustrative feeder load profiles used to size the REG system are shown in Exhibit A2.

Exhibit A2 Average daily load profiles for premium and nonpremium
customers on REG feeder

Premium customer load profile
3 MW

0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Hour of Day
Nonpremium customer load profile

8 MW

0
0 1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Hour of Day
Source: HOMER Pro

Customer Segmentation

It was assumed the illustrative feeder has 100 MD premium customers and 3,000 non-MD customers who are
nonpremium customers in the REG model.

ATC&C Loss Estimates
On the illustrative feeder, we assume MD customers initially have 100% billings efficiency and 95%

collections efficiency, which increases to 98% with REG. We assume non-MD customers initially have 70%
billings and collections efficiency, increasing to 90% with REG.
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Appendix D: Cost Assumptions for an Illustrative Example

We use the assumptions in Exhibit A3 for the illustrative example. These assumptions were gathered from

conversations with partners and public reports.

Exhibit A3

System costs

Assumed costs in the illustrative example

Solar PV capex, including inverter, mounting structure, installation USS$670/kW
and civil works, balance of system (lifetime = 25 years)

Lithium-ion battery capex (lifetime = 7 years) USS$300/kWh
Solar charge controller capex USS$200/kW
Gas capex (lifetime = 80,000 hours) USS$800/kWh
Solar PV fixed operations and maintenance (O&M) US$10/kW-y
Lithium-ion battery fixed O&M US$3/kWh-y

Gas fixed O&M

US$0.10/kW/h

Grid upgrades, metering costs (includes new smart meters for customers)

Diesel

370M naira

600 naira/liter"i

‘ Source

Conversations
with DER
developers

National Bureau
of Statistics

Gas

140 naira/m?

Financialinputs

Exchange rate (5% annual increase) 500 naira/USS | RMI
assumptions

Escalation rate for fuel costs, service-based tariffs, REG PPA, 5% based on _

and REG customer tariffs conversations
with DER
developers

Length of contract 20 years P

Developer IRR target used to set PPA price 22%

vii The cost of diesel in Nigeria has increased above 800 naira/liter since the analysis was completed. However, this assumption

was maintained as it provides a more conservative assumption for customer savings. Incorporating the new diesel costs will

increase the attractiveness of the REG model compared with self-generation.
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Appendix E: REG Project Implementation Steps

Exhibit A4 Timeline for REG implementation

Implementation Steps Project

Month

Identification of Potential REG Clusters

Analyze DisCo data to identify promising customer clusters

Conduct visits to shortlisted areas
Demarcate the customer cluster

Initiation
Phase

Development Construction

Phase Phase

1 2 3 45 6 7 8 9 1011 12 13 14 15

16

17 18 19 20

Assess the distribution network
Engage customers in the cluster and validate data
Conduct initial financial analysis of the REG project

Developer Procurement

Issue RFQ; assess respondents to create repository of pre-qualified developers
Conduct sites visits with pre-qualified developers
Issue RFP to pre-qualified developers to select a developer to execute project

Regulatory and Licensing

Notify NERC of intention to begin the embedded generation process
Support the selected developer to obtain an embedded generation license
Environmental impact assessment of land

Contract Negotiations

Negotiate the terms of the embedded generation agreement with the developer
Engage customers with support from the developer

Finalize embedded generation agreement

Negotiate PPA with premium customers

Establishing the Independent Collections Account

Develop internal operating processes for the ICA
Engage with NERC

Apply for derogation

Agree with the developer on specifics of the ICA

Sign a joint agreement with the developer and the ICA manager

Conduct grid integration studies

Build staff capacity for REG implementation

Provide support to the developer and monitor developer's progress
Developer secures financing to execute REG project®

Developer identifies, assesses, and obtains land to build REG*

Procurement of materials and equipment*

Project Construction and Testing

Undertake distribution network upgrades and metering in pilot section of cluster
Pilot section commissioning, data collection, and performance evaluation
Account creation for additional customers and developer

Complete distribution network upgrades and metering

Implementation actions that are the developer's responsibility. They are included in this timeline so the DisCo can monitor the
developer's progress. These steps are critical to success and affect the DisCo's work, so it is important for the DisCo to track them.
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Appendix F: Data Methodology

Exhibit A5

Project initiation phase

Data Data Item Relevance to REG Project
Category Implementation
Electricity Peak customer demand (i.e., the highest Customer demand data supports
Demand recorded hourly electricity demand for the accurate sizing of REG equipment,
Data customer cluster). which prevents over/undersizing and
ensures the project can meet customer
Hourly electricity demand in the customer | demand while providing attractive
cluster. This should be collected over a financial returns to the developer and
minimum period of seven days. investors.
Customer Total number of DisCo customers in the Customer numbers help developers
Population customer cluster. estimate the financial potential of a
Data prospective embedded generation area.
Number of MD and non-MD customers in This can be used to estimate the
the customer cluster. number of premium and nonpremium
customers and will support accurate
financial modeling.
Number of metered and unmetered This will help estimate metering costs.
customers in the customer cluster.
Number of defected and unconnected This data helps with estimating the
MD customers in the cluster. This refers to correct number of premium customers
MD customers within the cluster who were in the cluster and allows the selected
previously connected to the DisCo's supply but | developer to target these MD customers
have since disconnected due to dissatisfaction | for customer engagement during the
with the level of supply or those who have development phase.
never been connected to the DisCo's supply.
Commercial Total monthly grid energy consumption This data can be used to estimate
Data by MD and non-MD customers in the billing and collection losses as well as
cluster. to validate estimates of the size of the
financial opportunity.
Total monthly amount billed and
collected for energy consumed by MD and
non-MD customers in the cluster.
Distribution List of issues on the distribution This data will be used to estimate
Network network that prevent the network from network issues and the cost of
Data having maximum uptime. This can include addressing them. This is necessary to
undersized conductors, faulty equipment, or | accurately calculate the total cost of
vegetation that results in tripping. the project.
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Project initiation phase, continued

Distribution
Network
Data

Estimated cost of addressing each distribution
network issues (i.e., the cost of equipment
and labor required to fix issues identified).

Single-line feeder diagrams of the
distribution network showing key
infrastructure on the network such as the
substations, feeders, and transformers.

This data will be used to estimate
network issues and the cost of
addressing them. This is necessary to
accurately calculate the total cost of
the project.

Supply of electricity from the national grid.
This refers to data on the supply of electricity
from the transmission network to the DisCo's
distribution network.

This data will be used to assess the
potential for the DisCo to improve its
supply to the area if losses are reduced
and the distribution network is improved.

Demographic
Data

Organizational structure of customers.

This will be useful for understanding
the relevant communication lines for
community members and ensuring
that further customer engagement
and data collection can be done
efficiently and with the support of the
appropriate community leaders or
prominent residents of the area.
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Exhibit A6

DETE]

Category

Electricity
Demand
Data

Project development phase

Data Item

Total hourly load for the customer cluster.
Total electricity demand for all customers in the
cluster, preferably over a 365-day period. Where
unavailable, a minimum of one month of data is
required to begin system design and results can
be updated as more data is obtained.

Relevance to REG Project
Implementation

Accurate load data is required for sizing
the REG installation. A full year of data
is preferred because this captures load
seasonality and allows the REG to be
sized for a variety of load conditions.

Total hourly load for premium customers

in the cluster. Total electricity demand for
premium customers in the cluster, preferably
over a 365-day period. Where this is unavailable,
a minimum of one month of data is required

to begin system design and the results can be
updated as more data is obtained.

This allows the battery storage and
fossil fuel backup of the REG to be sized
to ensure that premium customers
have 24/7 reliability. Again, a full year of
data is preferred but where unavailable,
a minimum of one month of data can
be used.

Customer
Population
Data

Number of unconnected customers in the
cluster. This refers to customers within the
cluster who have never been connected to
the DisCo's supply.

This data can be used to estimate
customers’ willingness and ability to pay
for energy and to confirm that the REG
solution provides a cheaper source of
electricity to customers.

Commercial
Data

Current monthly spending on self-
generation, particularly for premium
customers.

This data can be used to estimate
customers’ willingness and ability to
pay for energy and to confirm that
the REG solution provides a cheaper
source of electricity to customers.

Distribution
Network
Data

List of distribution network issues
verified by the developer.

Cost of addressing distribution network
issues verified by the developer.

Updated single-line feeder diagrams.

This data will be used to identify the
issues that must be addressed on the
network and the cost of addressing
them. This is necessary to accurately
calculate the total cost of the project.

Demographic
Data

Number of male and female customers
in the cluster.

Number of people living with disabilities
in the cluster.

Number of people living in poverty
in the cluster.

Age distribution of customers in the cluster.

This data can be used to establish a
baseline of the demographics in the
cluster and ensure that marginalized
groups are identified and their needs
accounted for in the project design.
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Exhibit A7

Data

Category

Electricity
Demand
Data

Operational phase

Data Item

Total hourly customer load.

Hourly premium and nonpremium
customer load.

Hourly solar PV, thermal plant, and
battery storage electrical output.

Relevance to REG Project
Implementation

Data on customer demand and REG
system supply should be collected

so the network operator can analyze
consumption trends and identify
opportunities to improve REG
performance. Additionally, this helps to
identify any additional generation needs.

Customer
Population
Data

Number of unconnected customers in the
cluster. This refers to customers within the
cluster who have never been connected to
the DisCo's supply.

Customer growth.

Monitoring the number of premium
and nonpremium customers as well as
customer growth helps to ensure that
the DisCo has a good understanding
of the customer base and can identify
changing customer needs.

Commercial
Data

Total monthly grid energy consumption by
MD and non-MD customers in the cluster.

Total monthly amount billed and collected
for the energy consumed by MD and non-MD
customers in the cluster.

Collecting this data will enable
measurement of the REG project’s
impact on the DisCo’s commercial
performance.

Distribution
Network
Data

System average interruption frequency
index (SAIFI) for every year of operation.

System average interruption duration index
(SAIDI) for every year of operation.

Distribution network faults and causes.

Collecting this data will help with
monitoring and evaluating the
performance of the distribution
network and identifying areas for
improvement.
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