
WP-2026-21 
Research Brief

Least-cost on Paper, Feasible in Practice? 
An Iterative Framework Linking 
Electrification Planning, Regulation, and 
Finance for Universal Access

Santos J. Díaz-Pastor and Ignacio J. Pérez-Arriaga 

In 2024, 655 million people had no electricity. If current 
trends continue, around 645 million will still lack it in 
2030, 85% of them in Sub-Saharan Africa (IEA et al., 
2026). Reaching them requires more than choosing the 
right infrastructure. Planning agencies, typically ministries 
of energy or rural electrification agencies, use geospatial 
models to compare three electrification modes for 
each unelectrified community: extending the national 
grid, building a mini-grid—a local network with its own 
generation—or serving households with stand-alone solar 
home systems. The result is a least-cost techno-economic 
plan: which mode should serve each community, at what 
level of service, and when (see Figure 1).

These techno-economic plans necessarily simplify the 
implementation problem. Many planning models compare 
the three electrification modes with a single discount rate. 
They are also often developed before decisions have been 

made about who will build and operate each system, 
what end-user tariffs will apply, who will cover any gap 
between customer revenues and costs, and on what terms 
financing will be available. The resulting least-cost plan 
therefore relies on two major assumptions that these models 
typically do not test: that differences in financing costs 
across electrification modes will not alter the least-cost 
allocation, and that households will consume the projected 
amount of electricity at the tariffs ultimately required, given 
the available subsidies. Decisions about the regulatory 
and business model may also impact financing and create 
constraints to the techno-economic plan. Once the business 
model, tariffs, and financing terms are specified, either 
assumption may no longer hold. If the first assumption fails, 
the least-cost allocation changes (Agutu et al., 2022); if 
the second fails, projected demand may not materialize, 
or the intended service may prove unaffordable without 
additional support.

Universal electricity access requires business models that can reach every unelectrified community and 
sustain affordable service over time. Least-cost techno-economic plans identify where to extend the national 
grid and where to provide off-grid service through local mini-grids or stand-alone solar home systems. They 
compare these modes across a territory to meet expected demand at the lowest total cost, now and in the 
years ahead. Yet these plans are often treated as fixed before the tariffs, business models, and financing 
terms needed to implement them are established. This paper develops an iterative procedure that makes 
the least-cost plan, the regulation and business model, and the financing plan consistent with one another. 
The objective is a comprehensive electrification approach that can sustain affordable service and remain 
financially viable, with credible funding commitments throughout the rollout and beyond.



A process with multiple interrelated steps

Designing an implementable electrification program 
requires three major interrelated steps. The first produces 
a least-cost techno-economic plan: what to build, where, 
when, and at what cost. The second establishes the 
regulatory and business model: who is responsible for 
providing the service, what end-user tariffs apply, how costs 
are recovered, and how subsidies and risks are allocated. 
The third develops and tests the financing plan. It projects 
annual cash flows to assess whether customer revenues and 
public support are sufficient and reliable enough to cover 
costs, service debt, and earn the cost of capital. In practice, 
these steps overlap. What matters is not the order in which 
they are undertaken, but whether findings from one step 
require revising the assumptions and inputs used in another.

Building on earlier work by the authors (Díaz-Pastor et 
al., 2026), the paper formalizes the feedback between 
steps into an iterative procedure with two loops. When the 

financing step reveals that the proposed program fails one 
of its requirements—for example, households cannot afford 
the intended service, or revenues combined with public 
support are not sufficient to cover its costs—the procedure 
first examines whether the shortfall can be addressed without 
revising the least-cost plan. This may involve adjusting end-
user tariffs, subsidy levels, contracts, risk allocation, or 
financing terms. If these changes resolve the shortfall, what 
is built, where, and when remains unchanged. Instead, 
the adjustments determine how the investment is financed 
and how its costs and risks are shared among households, 
public authorities, and investors. This is the “fast” loop.

If no viable financial plan can be obtained in this way, the 
least-cost plan itself must be reconsidered: the electrification 
mode of some communities, the service level, or the 
investment schedule. This is the “slow” loop, which reopens 
decisions about what is built, where, and when. “Fast” and 
“slow” refer to the scope of the revision, not to how long it 
takes. After either loop, the revised program is tested again 

Figure 1. Least-cost electrification allocation across Zambia. Each unelectrified community is assigned to grid extension, 
a mini-grid, or solar home systems by the national least-cost plan for 2040, computed at a uniform 10% discount rate.



against the same requirements: households must be able 
to afford the intended service, private developers must be 
able to raise capital and meet their payments when due, 
public commitments must be credible, and the rollout must 
be realistic to build. The regulatory and business model 
must also work: for example, concessions that developers 
will bid for, or a clear division of grid extension between 
concessionaires and the incumbent utility. If the tested 
revisions still fail, the procedure identifies the constraints 
preventing implementation under the assumed conditions.

The first Zambia application illustrates the slow loop. The 
starting point is the national least-cost plan prepared by the 
African School of Regulation and SEforALL using data from 
the Rural Electrification Master Plan (MoE and REA, 2026), 
shown in Figure 1. The plan totals about USD 3 billion in 
capital expenditure and was computed using a uniform 
10% discount rate across all electrification modes. 

In practice, however, the entities that would deliver each 
mode do not raise capital on the same terms. The national 

utility that extends the grid can borrow through sovereign and 
concessional windows, whereas the private developers that 
build mini-grids and solar home systems face commercial 
rates, shorter maturities, and weaker payment security. 
The paper therefore re-evaluates the plan using a cost of 
capital specific to each business model: 10% for utility-led 
grid extension, 22% for privately developed mini-grids, and 
18% for privately provided solar home systems. These are 
scenario assumptions rather than observed financing terms.

Under the proposed procedure, regulatory and financing 
measures—such as enforceable contracts, payment 
security, and concessional debt—would first be considered 
to lower the cost of capital of the private developers without 
changing the plan. Under the assumed rates, the annualized 
cost per kilowatt-hour of mini-grids, which are capital-
intensive and face the highest rate, rises most. Communities 
near the existing network that the initial plan assigned to 
mini-grids are reassigned mainly to grid extension, and total 
capital expenditure rises from USD 3.00 to 3.34 billion (see 
Figure 2).

Figure 2. Financing assumptions change the investment allocation. Zambia national least-cost plan: system capital 
expenditure by electrification mode under a uniform 10% discount rate and under the cost of capital assumed for each 

business model. System capital expenditure rises from USD 3.00 to 3.34 billion.



The redesigned plan is therefore the least-cost allocation 
under these financing assumptions. It requires more capital 
expenditure because grid extension costs more to build 
in these communities but, evaluated at the assumed 10% 
cost of capital, becomes less expensive over the asset life 
than a mini-grid evaluated at 22%. The result is not that grid 
extension is generally better. It is that financing conditions can 
change which mode is least-cost. However, this redesigned 
allocation is not yet a financially validated program. With 
USD 0.34 billion in additional capital expenditure, the 
redesigned plan would need to return to the regulatory 
and financing steps to test whether the required investment 
can be financed and whether the resulting tariffs and public 
support are viable. The paper stops at the redesigned plan 
and leaves that assessment for the next iteration.

The second Zambia application illustrates the fast loop. The 
Chitambo pilot, in Central Province, reaches about 1,700 
mini-grid connections and 3,300 solar home systems by 
2045. Unlike the first application, the least-cost plan is 
kept fixed—the same connections, investment schedule, 
and initial investment—and, with the developer’s equity 
also held constant, two alternative regulatory and financial 
packages are tested for both mini-grids and solar home 
systems. In both rounds, each household has an electricity 
budget of USD 2 a month in 2026, growing 2% a year with 
income, and is expected to consume 10 kWh a month in 
2026, rising to about 15 by 2045.

The first round represents a capital-grant and cost-recovery 
tariff approach commonly used for off-grid electrification. A 
capital grant covers 80% of the initial investment, disbursed 
as connections are verified, and the mini-grid tariff is 
calculated each year to recover the developer’s remaining 
cost of service. The model computes that tariff; it does not 
assume that the regulator approves it. The tariff ranges from 
USD 0.35 to 0.57 per kilowatt-hour (kWh) over the period 
and averages about USD 0.50. Because each household 
spends its whole electricity budget, at these tariffs it buys 
between 4 and 8 kWh a month, about 5 on average, 
well below the expected consumption. A higher tariff does 
not raise what households pay; it reduces the electricity 
they can buy. The business model also relies on sales to 
businesses and other non-residential customers to recover 
the remaining costs, assuming those sales materialize. The 
package fails the affordability check, but the constraint 
does not necessarily require changing the least-cost plan. 
Instead, the regulatory and financial package can be 
revised through the fast loop.

In the second round, the model assumes a regulated mini-
grid tariff of USD 0.20/kWh, constant in real terms, so that 
households can buy their expected consumption within their 
budget. This is the affordability-anchored case: the tariff 
is determined by what households can pay rather than 
by the developer’s cost of service. The capital grant falls 
to 50% of the initial investment; with the developer’s equity 
unchanged, more of the investment is financed with debt, 
about USD 0.45 million instead of 0.09 million. An annual 
revenue settlement—similar to the revenue reconciliation 
used by regulated utilities—pays the developer the 
difference between the revenue the tariff generates and the 
cost of service the regulator recognizes, net of the grant. The 
model computes how large that payment must be; it does 
not assume that government or donors have committed to 
pay it.

Under this second package, average mini-grid household 
consumption rises from about 5 to 12 kWh a month, while 
cumulative mini-grid electricity supplied increases by 57% 
over twenty years (see Table 1). Despite the reduction in 
the upfront capital grant, total public support rises from USD 
0.95 to 1.56 million in constant 2026 dollars, including 
an annual revenue settlement averaging USD 48,000. 
The second round passes the affordability check, but its 
financial viability still depends on access to the additional 
debt financing and credible public commitments to make 
the annual payments when due. The comparison therefore 
shows that making electricity affordable does not eliminate 
the cost of providing it: the revenues assumed by a business 
model, whether from customers or public funds, must be 
reliably generated and paid when due.

The two applications show why consistency between the 
least-cost plan, the regulatory and business model, and 
the financing is essential for implementation. Identifying an 
inconsistency is not enough: its cause determines whether 
the regulatory and financial package can be revised while 
keeping the plan fixed, as in Chitambo, or whether the 
least-cost allocation itself needs to be reconsidered, as in 
the national case. 

Three implications follow. Planning agencies need to 
account for the cost of capital associated with each 
business model before treating electrification modes and 
investment schedules as settled. Regulators need to test 
separately whether providers can recover their cost of 
service and whether households can afford the intended 
service under the proposed tariffs and subsidy rules. 
Governments and donors need to judge public support by 



three things, not one: its total amount, its annual payment 
profile, and the duration for which funding can be credibly 
secured. How those payments will be sustained beyond the 
initial commitments must be resolved before developers are 
asked to invest.

Sustainable electrification does not require each system to 
recover its costs from its own customers. Instead, the long-
term objective should be to recover the power sector’s 
aggregate cost of service through regulated tariffs and 
cross-subsidies between customer groups, progressively 
reducing reliance on support from outside the sector. Until 

that is feasible, external subsidies must be explicit, reliably 
funded, and scheduled over the period for which they are 
needed. Their eventual phase-out should be consistent 
with affordability and sector-wide cost recovery, rather 
than simply assumed. The relevant policy test is not whether 
individual projects can be made financeable in isolation. It 
is whether the overall electrification program can continue 
toward universal access while sustaining affordable 
service, viable providers, and public commitments that 
remain credible over time.

Measure Round 1: cost-recovery 
tariff case

Round 2: affordability-
anchored case

Capital Grant 80% of initial investment 50% of initial investment

Mini-grid tariff USD 0.50/kWh on average; 
set each year by the developer

USD 0.20/kWh; constant in 
real terms

Average mini-grid household 
consumption

About 5 kWh/month About 12 kWh/month

Cumulative mini-grid electricity 
supplied

3.96 GWh 6.22 GWh (+57%)

Annual revenue settlement None USD 48,000 on average

Total public support: grant + 
settlement

USD 0.95 million USD 1.56 million

Table 1. Chitambo pilot, Zambia, 2026–2045: the same least-cost plan under two regulatory–financial packages. 
Note: Both rounds keep the same connections, the same investment schedule, the same initial investment (USD 1.19 million), 
the same developer equity (USD 0.15 million), and the same household electricity budget. Cumulative electricity covers 
all mini-grid customers, residential and non-residential. The capital grant and the annual revenue settlement cover both the 

mini-grids and the solar home systems.
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