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Overview

The objectives of this module are to provide an overview and key resources/tools for 
understanding:​

• What are the basic components of an off-grid solar financial model? (Go Section)

• How to use the simplified solar financing model? (Go Section)

• Where can I find additional training materials for off-grid solar financial models? (Go Section)
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What are the basic components 
of an off-grid solar financial 
model? 
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Introduction

• USAID has developed a comprehensive training material on solar financial model tools which 
should be viewed to develop an in-depth understanding of off-grid solar financial modeling, 
particularly for company-level financial modeling of solar home systems and tier 1 lighting 
products

• This module instead utilizes a simplified project-level off-grid solar financial model to 
illustrate basic concepts for consideration when evaluating the customer cost savings and 
payback year of shifting from a diesel genset to a larger stand-alone solar system.

• This simplified financial model has been designed to be user-friendly, enabling users to easily 
input different variables and immediately see the potential financial impacts of making the 
switch.
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Components Covered in this Section

Energy Usage Basics
• Annual Energy Usage (kWh) 
• Annual Fuel Usage Liter (L)
• Generator Utilization

Off-grid Solar Savings
• Total Cost Before/After Off-Grid PV 

adoption
• Inflation and Discount Rate

Costs 
• Off-grid PV Capital Expenditure
• Off-grid PV Operating Cost
• Diesel Genset Operating Cost

Key Results
• Business as Usual Cash Flow
• Optimal Case Cash Flow
• Net Present Value
• Payback Year
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Energy Usage Basics 

Energy Usage

Customers may specify the energy usage by kilowatt hour (kWh) or Liter (L).

To convert fuel usage to energy usage.

Jan Energy 
Usage

Feb Energy 
Usage

Dec Energy 
Usage

Jan Fuel 
Usage

Feb Fuel 
Usage

Dec Fuel 
Usage

Fuel Usage 
(L) Energy Density (L/kWh)

Annual Energy Usage 
(kWh)

........…

Annual Fuel Usage (Liter) ….....…

Energy Usage (kWh) x

+ + +

+++

=

=

=



8

Energy Usage Basics 

Generation Utilization

Customers may estimate their energy usage based on the size and performance of the 
generation set.

Apparent 
Power 

Capacity 
(kVa) 

Power 
Factor (%)

Operation 
Hours/day

Number of 
Days/month

Solar 
Capacity 

(kW) 

Operation 
Hours/day

Number of 
Days/month

x x x

xx

Diesel Energy Usage 
(kWh/month)

Solar Energy Usage 
(kWh/month)

=

=
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Solar Capital Expenditures

In the off-grid solar model, capital expenditures (CAPEX) are the costs to purchase and install 
the solar equipment, including the cost for the solar PV panels, battery, inverters, charge 
controller, distribution box, balance of system cost, and other general costs. In some cases, 
the developer may also allocate a certain development fee to the customer.
In a more complicated model, CAPEX may include funds to acquire or maintain assets such as 
property, technology, or equipment.

Solar PV 
Cost Battery Cost Inverter Cost

Charge 
Controller 

Cost

Distribution 
Box Cost

Balance of 
Systems 

Cost

General 
Cost

% of 
Development 

fee

CAPEX =
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Operating Costs

Both diesel and off-grid solar systems also have operational expenses. Operating costs 
associated with diesel fuel include expenditures for fuel procurement and the operation and 
maintenance (O&M) of generators. Similarly, off-grid solar systems have their own set of 
operating costs, which include overhead expenses and O&M costs.
Developers may also apportion pre-development expenses to customers, categorizing them as 
'other operating costs' as per the defined terms.

Diesel 
Overhead 
Expense

Diesel 
Generator 

O&M

Diesel Fuel 
Cost

Other 
Operating 

Cost

Off-grid Solar 
Overhead 
Expense

Off-grid Solar 
Generator 

O&M

Other 
Operating 

Costs

Operating Cost 
(OPEX) =
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Off-Grid Solar Customer Savings

The customer savings of adopting off-grid solar refer to the difference between costs before
adoption of off-grid solar and the costs after adopting off-grid solar.

Off-grid Solar Customer 
Savings in Year 1

Cost before Off-grid Solar 
Adopting in Year 1

[Business as Usual Case]

Cost after Off-grid Solar 
Adopting in Year 1

[Optimal Case]

BAU Diesel 
Operating 

Cost

Optimal Diesel 
Operating Cost

Optimal Solar 
Operating Cost

Optimal Solar 
CAPEX (Only 

occur in Year 1)

In order to determine the profit for Year N, we must also consider macroeconomic factors.
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Inflation

General Cost Inflation (national rate) is the average increase in prices over time. It is often 
expressed as a percentage and is a key economic indicator for assessing the impact of 
inflation on an economy.

• For example, if you spend $100,000 on raw materials this year, with a 3% inflation rate, you 
might need to budget $103,000 for the same materials next year due to inflation.
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Discount Rate

Discount Rate is the interest rate used to calculate the present value of future cash flows for 
an investment. The discount rate reflects the time value of money, which recognizes that a 
dollar received in the future is worth less than a dollar received today due to factors like 
inflation and the opportunity cost of not having that money available for investment elsewhere.

Vn=
FVn

(1+r)^N

For example, if the future costs in year 3 are $1,000 and the discount rate is 3%

The formula for calculating the present value in year n (Vn) of a future cash flow in year
n (FVn) using a discount rate (r) and a specific time period (n) is as follows:

=
$ 1,000

(1+3%)^3
= $ 915Present Value in Year 1
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Solar Financing Model Result

There are two main results from the model that help to evaluate whether adopting off-grid solar 
can reduce customer costs.
Net Present Value (NPV) assesses the profitability and financial feasibility of investments or 
projects by considering the time value of money and comparing the present value of cash 
inflows to cash outflows. Positive NPV generally indicates a financially attractive opportunity, 
while Negative NPV suggests caution or reconsideration.

Off-grid Solar 
Customer Savings 

in Year 1

Off-grid Solar 
Customer Savings 

in Year N

Payback Year is the first year when the cumulative off-grid solar customer savings are greater 
than 0. For instance, if the cumulative savings are positive in year 8, it takes 8 years for this 
project to recover its initial cost through the cumulative cash flows it generates.

NPV = ........…
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How to use the simplified solar 
financing model?
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How Does the Simplified Model Work?

Step 1

Select the model feature to 
use based on customer's 

energy consumption or fuel 
utilization.

Step 2

Enter fuel usage, energy 
consumption of diesel 

genset business as usual 
setting.

Step 3

Define the off-grid solar 
system configuration and 
contribution in the optimal 

case.

Step 4

Define the off-grid solar 
system CAPEX.

Step 5

Define the development 
fee allocated to customers.

Step 6

Define the diesel and off-
grid solar operating costs.

Step 7

Define inflation and 
discount rate.

Step 8

Run model
cash flow, customer 
savings, NPV, and 

payback year.
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Step 1. Understand the Energy Usage Portfolio

The simplified model asked a few questions in the beginning to understand the customer’s 
energy usage portfolio before replacing diesel fuel and adopting off-grid solar.

Question 1: Yes
• Modeling based on the actual/modeled monthly energy consumption (kWh). Enter 

monthly energy consumption (kWh) and fuel energy density (L/kWh) to generate the 
diesel usage (Liter) baseline.

Question 2: Yes
• Modeling based on the diesel genset utilization. Enter the genset capacity (kW), 

monthly operation time (day/month), operation hours (h), and fuel energy density 
(L/kWh) to estimate the diesel usage (Liter) baseline.

Question 3: Yes • Modeling based on the actual/modeled monthly diesel usage (liter) and energy 
density directly.
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Step 2. Business as Usual Energy Utilization 

• Based on the user’s answer in Step 1, enter the fuel usage and genset settings to set the 
business as usual (BAU) case before adopting off-grid solar.

• An example for users that answered “Yes” is shown in the second question in Step 1 below. 
Overall, we will have the BAU energy total (kWh) and diesel usage (Liter).
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Step 3. Sizing Off-Grid Solar (1/3)

• Users define what percentage of annual energy consumption the off-grid solar system will 
support.

• For example, if users want 65% of energy consumption to come from off-grid solar, the 
energy usage from existing diesel genset will decrease to 35%.

• The model will populate the off-grid solar and diesel fuel generation mix as the optimal case 
automatically.
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Step 3. Sizing Off-Grid Solar (2/3)

• The business-as-usual diesel usage is 864 liters

• The table below shows the optimal case results of the diesel usage and solar genset to make 
the off-grid solar contribute to 65% of total energy usage, as defined in step 2.
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Step 3. Sizing Off-Grid Solar (2/3)

• The next step is to finish the settings of the off-grid solar system.
• Users may consider pairing off-grid solar with battery. However, users need to add the size of 

the inverter, charger controller, and other attributes.
• To determine the off-grid photovoltaic (PV) size, users also need to specify the solar 

operation hours and number of days in operation.
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Step 4. Defined Off-Grid Solar CAPEX

• In this section, users can enter the CAPEX of off-grid solar. For example, how much does it 
cost for solar PV per kWp, and how much does it cost for a paired battery per kWh.

• There are no CAPEX for diesel gensets because they have been built already.
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Step 5. Development Fee Allocates to Customer

• Sometimes, developers may allocate additional costs for the off-grid solar to customers. In 
this model, enter the percentage of the solar CAPEX to represent the development fee. In 
some cases, customers are allowed to lease the solar panel. This model assumes only a 
one-time upfront payment for 100% solar costs is available. 

• The chart below shows a 5% allocation fee example. In this case, besides paying the CAPEX 
as a one-time upfront cost, the customer needs to pay 5% of CAPEX as a development fee 
for installing the off-grid solar. 
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Step 6. Operating Costs

• For a diesel system, there are operating costs from 1) fuel consumption (diesel fuel cost per 
liter * the total diesel volume) and 2) overhead, O&M, and other costs.

• For a solar system, there are no fuel costs, however there are O&M costs.



25

Step 7. Inflation and Discount Rate

• Users can define the cost inflation rate and discount rate in this section.
• The simplified model ignored the depreciation. For more depreciation calculation, see USAID 

Off-Grid Clean Energy Financial Modeling Bootcamp.

https://dec.usaid.gov/dec/content/Detail_Presto.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDQ5
https://dec.usaid.gov/dec/content/Detail_Presto.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDQ5
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Step 8. Dashboard Result (1/2)

• The first section of the dashboard 
displays the composition of the system's 
energy generation in both business-as-
usual (BAU) and optimal scenarios.

• This section compares:
– The diesel usage in BAU and optimal 

cases
– The solar capacity in BAU and optimal 

cases
– The generation mix in BAU and optimal 

cases.
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Step 8. Dashboard Result (2/2)

• The second section of the 
dashboard displays the NPV and 
payback year by adopting off-grid 
solar.

• NPV refers to the lifecycle customer 
savings:
– Lifecycle BAU Costs – Lifecycle 

Optimal Costs

• Payback year is 12, which means it 
takes 12 years to make true 
cumulative customer savings 
positive.
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Where can I find additional 
training materials for off-grid solar 
financial models?
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USAID Off-Grid Solar Business and Financial Models

USAID has developed a number of
tools and documents to support off-grid 
solar financial modeling including:

• Business Model Tool for PAYGO 
Companies

• Financial Modeling Tool for PAYGO 
Companies

• User guide for Financial Modeling 
Tool

• Webinar for Financial Modeling Tool
• Financial Modeling Lessons 

Learned
• Additional Off-grid solar resources.

Source: USAID Financial Modeling Tool

https://www.usaid.gov/powerafrica/document/power-africa-paygo-simplified-business-model
https://www.usaid.gov/powerafrica/document/power-africa-paygo-financial-modeling-tool
https://www.usaid.gov/sites/default/files/2022-05/20210114_Financial_Modeling_Tool_-_User_Guide.pdf
https://www.youtube.com/watch?v=WUeBVyO-Onc
https://www.usaid.gov/powerafrica/document/supporting-grid-solar-startups-financial-modeling-12-lessons
https://www.usaid.gov/powerafrica/document/supporting-grid-solar-startups-financial-modeling-12-lessons
https://www.usaid.gov/powerafrica/beyondthegrid/off-grid-solar-market-assessments#finmodtool
https://www.usaid.gov/powerafrica/beyondthegrid/off-grid-solar-market-assessments#finmodtool
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USAID Financial Modeling Lessons

• Based on off-grid 
solar companies in 
Africa, USAID has 
developed a series of 
financial modeling 
lessons.

Source: USAID Supporting Off-Grid Solar Startups 
with Financial Modeling

https://www.usaid.gov/sites/default/files/2022-12/Power-Africa-Financial-Modeling-Lessons-Learned.pdf
https://www.usaid.gov/sites/default/files/2022-12/Power-Africa-Financial-Modeling-Lessons-Learned.pdf
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USAID Financial Modeling Bootcamp

• To augment the initial training from the 
simplified financial model above, it is 
suggested to review the USAID Financial 
Modeling Bootcamp, which covers 
development of financial models in more 
depth.

• 5 modules include recorded presentations, 
example comprehension assignments, and 
full slide decks covering full financial model 
considerations.

• The bootcamp is focused on Nigeria but the 
concepts are adaptable and relevant for the 
Haiti context.

• Take the bootcamp and explore the individual 
module content linked in the following slides.

Source: USAID Nigeria Financial Modeling for Off-Grid 
Energy Bootcamp

https://pdf.usaid.gov/pdf_docs/PA00ZQN3.pdf
https://pdf.usaid.gov/pdf_docs/PA00ZQN3.pdf
https://pdf.usaid.gov/pdf_docs/PA00ZQN3.pdf
https://pdf.usaid.gov/pdf_docs/PA00ZQN3.pdf
https://pdf.usaid.gov/pdf_docs/PA00ZQN3.pdf
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Module 1 – Introduction to Off-Grid Energy Finance, Building a Model

Provides an overview of off-grid 
energy finance and financial 
modeling concepts, including a 
discussion of key inputs and 
components of financial models.

• Webinar recording
• Example Assignment 

(instructions)
• Example Assignment 

(template)
• PDF of slides (slides 21 – 48).

Source: USAID Nigeria Financial Modeling for Off-Grid 
Energy Bootcamp

https://dec.usaid.gov/dec/GetDoc.axd?ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MTU5&pID=NTYw&attchmnt=True&uSesDM=False&rIdx=MzIyNDM0&rCFU=
https://dec.usaid.gov/dec/content/Detail.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDU2
https://dec.usaid.gov/dec/content/Detail.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDU2
https://dec.usaid.gov/dec/content/Detail_Presto.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDYw
https://dec.usaid.gov/dec/content/Detail_Presto.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDYw
https://dec.usaid.gov/dec/GetDoc.axd?ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MTI4&pID=NTYw&attchmnt=True&uSesDM=False&rIdx=MzIyNDAz&rCFU=
https://pdf.usaid.gov/pdf_docs/PA00ZQN3.pdf
https://pdf.usaid.gov/pdf_docs/PA00ZQN3.pdf
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Module 2 – Tax Considerations and Asset Depreciation

How is asset depreciation 
defined and calculated and 
what impact does it have on 
taxes and financial model 
flows?

• Webinar recording
• Example Assignment 

(instructions)
• Example Assignment 

(template)
• PDF of slides (slides 9 –

28).

Source: USAID Nigeria Financial Modeling for Off-Grid 
Energy Bootcamp

https://dec.usaid.gov/dec/GetDoc.axd?ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MTc5&pID=NTYw&attchmnt=True&uSesDM=False&rIdx=MzIyNDU0&rCFU=
https://dec.usaid.gov/dec/content/Detail_Presto.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDU1
https://dec.usaid.gov/dec/content/Detail_Presto.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDU1
https://dec.usaid.gov/dec/content/Detail_Presto.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDU5
https://dec.usaid.gov/dec/content/Detail_Presto.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDU5
https://dec.usaid.gov/dec/content/Detail_Presto.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDUy
https://pdf.usaid.gov/pdf_docs/PA00ZQN3.pdf
https://pdf.usaid.gov/pdf_docs/PA00ZQN3.pdf
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Module 3 – Capital Financing and Debt Sizing

Overview of project capital 
financing, debt 
financing, debt schedules, 
and ways in which these 
elements are integrated into 
financial modeling.

• Webinar recording
• Example Assignment 

(instructions)
• Example Assignment 

(template)
• PDF of slides (slides 11 –

40).

Source: USAID Nigeria Financial Modeling for Off-Grid 
Energy Bootcamp

https://dec.usaid.gov/dec/GetDoc.axd?ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MTg0&pID=NTYw&attchmnt=True&uSesDM=False&rIdx=MzIyNDU5&rCFU=
https://dec.usaid.gov/dec/content/Detail_Presto.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDU0
https://dec.usaid.gov/dec/content/Detail_Presto.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDU0
https://dec.usaid.gov/dec/content/Detail_Presto.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDU4
https://dec.usaid.gov/dec/content/Detail_Presto.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDU4
https://dec.usaid.gov/dec/content/Detail_Presto.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDUx
https://pdf.usaid.gov/pdf_docs/PA00ZQN3.pdf
https://pdf.usaid.gov/pdf_docs/PA00ZQN3.pdf
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Module 4 – Core Financial Statements

Understanding financial 
statements, financial 
analysis, and financial 
accounting.

• Webinar recording
• Example Assignment 

(instructions)
• Example Assignment 

(template)
• PDF of slides (slides 9 –

28).

Source: USAID Nigeria Financial Modeling for Off-Grid 
Energy Bootcamp

https://dec.usaid.gov/dec/GetDoc.axd?ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MTg2&pID=NTYw&attchmnt=True&uSesDM=False&rIdx=MzIyNDYx&rCFU=
https://dec.usaid.gov/dec/content/Detail_Presto.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDUz
https://dec.usaid.gov/dec/content/Detail_Presto.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDUz
https://dec.usaid.gov/dec/content/Detail.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDU3
https://dec.usaid.gov/dec/content/Detail.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDU3
https://dec.usaid.gov/dec/content/Detail.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDUw
https://pdf.usaid.gov/pdf_docs/PA00ZQN3.pdf
https://pdf.usaid.gov/pdf_docs/PA00ZQN3.pdf
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Module 5 – Financial Metrics and Sensitivity Analysis 

Understanding financial 
statements, financial 
analysis, and financial 
accounting.

• Webinar recording
• PDF of slides (slides 14 

– 37).

Source: USAID Nigeria Financial Modeling for Off-Grid 
Energy Bootcamp

https://eur04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdec.usaid.gov%2Fdec%2FGetDoc.axd%3FctID%3DODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy%26rID%3DNjA0MjI5%26pID%3DNTYw%26attchmnt%3DTrue%26uSesDM%3DFalse%26rIdx%3DMzIyNTA0%26rCFU%3D&data=05%7C01%7Cooshodi%40powerafrica-npsp.org%7Cd49bcd3e2cf7456a8db008da7bad3be1%7Cba7d7cfa33aa495ea26856ba7504c96c%7C1%7C0%7C637958281226877383%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=B6wAgQ0Ase%2BP4E3JL8n4Q3GBX2I8k1NTG%2F2mA7SiDgA%3D&reserved=0
https://dec.usaid.gov/dec/content/Detail.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDQ5
https://pdf.usaid.gov/pdf_docs/PA00ZQN3.pdf
https://pdf.usaid.gov/pdf_docs/PA00ZQN3.pdf
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Detailed Financial Model

A full example detailed 
financial model for an 
off-grid solar company 
can be found here.

Source: USAID Nigeria Financial Modeling for Off-Grid 
Energy Bootcamp

https://dec.usaid.gov/dec/content/Detail.aspx?vID=47&ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=NjA0MDYx
https://pdf.usaid.gov/pdf_docs/PA00ZQN3.pdf
https://pdf.usaid.gov/pdf_docs/PA00ZQN3.pdf
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