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Agenda
1. Stages of Project Development

2. Potential Project Costs

3. Impact on Ownership Model Choice

4. Tools and Resources for Project Planning, 

Projecting Costs and Revenues

5. Project Case Study: Solar + Storage Microgrid

6. Q & A
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Project Development

Stages
Potential Costs
Impacts on Ownership Model Choice
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Stages of Project Development

1. Project Motivation
2. Site
3. Resource
4. Off-Take
5. Processes and Permits
6. Technology
7. Team
8. Capital
9. Operations and Maintenance
10.Decommissioning
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Project Motivation

Pre-development is driven by

• Baseline needs
• Fundamental economics
• Policy environments
• Available technologies and resources
• Consensus

A motivated project is one that has a clear pathway to success and 
enough opportunity that it simply cannot be ignored.
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Site

Technical Costs
• Various stakeholders
• Property rights
• Legal definition
• Assignability
• Length of tenure
• Terms/conditions
• Default/cure clauses

Physical Costs
• Slope
• Vegetation
• Soil conditions
• Infrastructure
• Access
• Resource impacts
• Other land uses
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Resource Potential
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Off-Take

The term “off-take” implies that there is an economic and executable agreement by the 
project parties, and that it is ultimately confirmed by written contract.

Importance
• Creates value
• Bankability
• Critical project milestone

Key Issues
• Project location
• Project finance
• Transmission
• Interconnection
• Infrastructure
• Regulatory risk
• Agreeing to terms
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Processes and Permits

Action Applicability Contacts
Interconnection Grid connected? Local utility

Net Metering Availability? Local utility

Local/State/Tribal Permitting Project site, Electrical Applicable agency

Interstate Permitting Grid connected? RTO or ISO

Federal Permitting
• Wildlife protection
• Air and water protection
• Protected land usage

Applicable federal agency
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Technology

Technology Costs
• Engineering design

• Conceptual
• Design development
• Construction documents

• Equipment selection
• Procurement activities

All this activity requires investment into the design process and evolves incrementally 
as further investment is deemed warranted for the project.



AMERICAN-MADE  |  U.S. DEPARTMENT OF ENERGY  |  ENERGIZING RURAL COMMUNITIES PRIZE 11

Team

Aspects to Address
• Business
• Technical
• Financial
• Legal
• Operational

Assembly of an experienced, capable team is a key element to raising 
debt, equity, and incentive/grant program capital.



AMERICAN-MADE  |  U.S. DEPARTMENT OF ENERGY  |  ENERGIZING RURAL COMMUNITIES PRIZE 12

Capital

Source Availability Complexity Providers

Grants Low Low-
Medium

Government, Private Entities, 
Development Banks

Equity Varies Medium-
High Project Sponsor, Private Investors

Debt High High Governments, Capital Markets, 
Commercial Lenders

Credit Enhancement Medium High Governments, Development Banks
Third-Party Ownership Medium Varies Energy Service Providers
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Operations and Maintenance

• Fixed costs
• Fixed cost components
• Maintenance costs
• Variable cost components
• Maintenance components
• Replacement costs

An effective O&M program reinforces confidence in the long-
term performance and revenue capacity of an asset.

• Planning and budgeting for O&M
• Billing and accounting
• Tax preparation and filling
• Enforcement of warranties
• REC certification and trading
• Compliance

O&M Costs
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Decommissioning

Other Cost Considerations
• Standards
• Regulatory
• Tax
• Challenges
• Best practices
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Impacts on Ownership Model Choice

Stage of Development Community Shared 
Partnership

Direct Utility 
Owned Third-Party PPA

Project Motivation

Site

Resource

Off-Take

Processes and Permits

Technology

Team

Capital

O&M

Decommissioning

Complexity
Low
Medium
High
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Project Planning

Tools and Resources
Costs and Revenue Projections
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"Provides consistent technology-specific cost and 
performance parameters across a range of R&D 
advancements scenarios, resource characteristics, and 
sites for electricity-generating technologies"

• For current year and projections through 2050

• Includes the following performance parameters:

• Capital expenditures (CAPEX)

• Operation and maintenance (O&M) expenditures

• Capacity factors

• Levelized cost of energy (LCOE)

• Updated annually

Annual Technology Baseline (ATB)

Sources: https://atb.nrel.gov/electricity/2023/index; https://www.n
rel.gov/docs/fy23osti/86419.pdf

https://atb.nrel.gov/electricity/2023/index
https://www.nrel.gov/docs/fy23osti/86419.pdf
https://www.nrel.gov/docs/fy23osti/86419.pdf
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ATB Outputs

• Include capital expenditure, operations 
expenditures, capacity factors for three tech 
advancement scenarios and two policy 
scenarios

• Levelized cost of energy (LCOE) is a summary 
metric that combines all of these metrics 
into an average price of energy over the 
selected period

• Details on capital cost components 
(equipment, permitting, interconnection, 
overhead, etc) also provided

Source: https://atb.nrel.gov/electricity/2023/index

https://atb.nrel.gov/electricity/2023/index
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1. Engineering (pre-development) and development, including overhead and contingency

2. Equipment: Solar modules, Inverter, "Balance of system" (including structural components)

3. Installation: Labor, Installer margin and overhead

4. Developer/installer profit

5. Sales tax

6. *Land acquisition

7. Permitting and environmental studies

8. Grid interconnection

9. Operations and maintenance

Cost Categories and ATB Cost Estimates
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1,000 kW Solar PV 300 kW Battery Storage

per kW Project per kW Project Total
Engineering/development n/a
Equipment $850 $850,000 $1,752 $525,660 $1,375,660

Labor $150 $150,000 $265 $79,380 $229,380

Overhead $660 $660,000 $333 $99,780 $759,780

Contingency $50 $50,000 $60 $18,084 $68,084

Profit $56 $56,000 $126 $37,884 $93,884

Sales tax $50 $50,000 $97 $28,992 $78,992

*Land acquisition $0 $0 $0 $0 $0

Permitting/environmental $30 $30,000 $29 $8,664 $38,664

Grid interconnection** $60 $60,000 $26 $7,692 $67,692

Total development cost $1,906 $1,906,000 $2,687 $806,136 $2,712,136

Operations and maintenance $19 $475,000 $59 $445,320 $920,320

Total lifetime cost $2,381,000 $1,251,456 $3,632,456

Example 
Project Cost 
Estimates
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Performance 
Model

Model Structure

Weather Data

System Specs

Losses

Costs

Compensation

Financing

Incentives

Financial 
Model

Calculate hourly or 
sub-hourly power 
production (kW)

• Monthly, annual 
production

• Capacity factor
• Operating 

parameters

Calculate after-tax 
annual cash flow 
from project 
perspective ($)

• NPV
• LCOE
• Payback period
• Operating costs
• Revenue/saving

s
• Taxes

Production (kWh) Value ($)
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PVWatts Calculator

• Estimates the energy production of grid-connected 

photovoltaic (PV) energy systems 

• Allows users to easily develop estimates of the 

performance of potential PV installations at any 

location

• Outputs: monthly solar irradiation and system 

output*, capacity factor, system losses, etc for 

selected/calculated system size

Source: https://pvwatts.nrel.gov/

https://pvwatts.nrel.gov/
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1. Introduction to the State and Local Planning for Energy (SLOPE) Platform – November 14

2. Introduction to REopt : Renewable Energy Integration & Optimization – December 5

3. Solar Siting and Available Decision-making Tools – January 9

4. Introduction to the System Advisor Model (SAM) Financial Analysis Software for Renewable Energy Systems 

– January 16

All recorded trainings are posted on our American Made Challenges website. You can find completed trainings 

at the bottom of the website.

https://americanmadechallenges.org/challenges/rural-energy/calendar

Other tool trainings

https://americanmadechallenges.org/challenges/rural-energy/calendar
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Email: ruralenergyprize@nrel.gov

HeroX Forum: www.herox.com/rural-energy

American Made: americanmadechallenges.org/challenges/rural-energy

• Thank you / Q&A

NREL/PR-7A40-88920

mailto:ruralenergyprize@nrel.gov
https://gcc02.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.herox.com%2Frural-energy&data=05%7C01%7CNicole.Leon%40nrel.gov%7Ccb18646fc825494da63a08db0f9dbe4d%7Ca0f29d7e28cd4f5484427885aee7c080%7C0%7C0%7C638120942784551118%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=hq4ntqxxuYh28EHLwmcSmqHXlcg0B0D1%2Fm65IsXbT1Q%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Famericanmadechallenges.org%2Fchallenges%2Frural-energy%2F&data=05%7C01%7CNicole.Leon%40nrel.gov%7Ccb18646fc825494da63a08db0f9dbe4d%7Ca0f29d7e28cd4f5484427885aee7c080%7C0%7C0%7C638120942784551118%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=2NSkwz2qeRc0d1NrxTlzBIFZM1wXFyrEpWXEg90l8ro%3D&reserved=0
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Resources

• Database of State Incentives for Renewables and Efficiency: https://www.dsireusa.org

• Institute for Local Self-Reliance Community Power Map: https://ilsr.org/community-power-map/

• NREL Renewable Energy System Interconnection Standards: https://www.nrel.gov/state-local-tribal/basics-

interconnection-standards.html

• National Community Solar Partnership: https://www.energy.gov/communitysolar/about-national-community-solar-

partnership

• NREL Energy Compensation Mechanisms for Distributed Generation: https://www.nrel.gov/state-local-tribal/energy-

compensation-mechanisms.html

• EPA Customer Power Purchase Agreements (Primer): https://www.epa.gov/statelocalenergy/customer-power-

purchase-agreements

https://www.dsireusa.org/
https://ilsr.org/community-power-map/
https://www.nrel.gov/state-local-tribal/basics-interconnection-standards.html
https://www.nrel.gov/state-local-tribal/basics-interconnection-standards.html
https://www.energy.gov/communitysolar/about-national-community-solar-partnership
https://www.energy.gov/communitysolar/about-national-community-solar-partnership
https://www.nrel.gov/state-local-tribal/energy-compensation-mechanisms.html
https://www.nrel.gov/state-local-tribal/energy-compensation-mechanisms.html
https://www.epa.gov/statelocalenergy/customer-power-purchase-agreements
https://www.epa.gov/statelocalenergy/customer-power-purchase-agreements
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