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OFF-GRID SOLUTIONS OPERATE INDEPENDENTLY OF THE CONVENTIONAL GRID

Off-grid alternatives refer to systems or solutions that allow individuals or communities to operate 
independently of the conventional power grid and other utility services. These systems usually include 
a combination of technologies, such as on-site solar photovoltaics (PV) and wind coupled with 
batteries, a charge controller, power conditioning equipment, safety equipment, and other 
instrumentation. The ability to store excess energy generated during peak times and utilize 
it when demand is high enhances the viability of off-grid solutions. Advancements in energy storage 
technologies, such as batteries, have increased their feasibility for utility use as off-grid alternatives. 
These systems are not connected to the grid in any way. Some systems also utilize fossil-fuel fired 
generators in the absence of reliable renewable energy.

The variability and benefit of off-grid energy solutions depend on system location, purpose, 
sizing, and costs. In general, off-grid energy systems can offer the following opportunities:

A sample off-grid system

Energy Independence. Off-grid alternatives provide communities or facilities with the ability to generate their own electricity 
independently of the central utility grid. This allows them to gain greater control over their energy supply and reduce dependence on 
external sources.

Zero-Carbon Energy Generation. Use of renewable energy sources contributes to a cleaner and more sustainable energy supply, helping 
to reduce greenhouse gas emissions and the impacts of climate change. These alternatives could also reduce wildfire risk by reducing 
line loading during heat waves.

Rural Electrification. Off-grid alternatives can provide electricity access to areas where extending the central grid infrastructure is 
impractical or uneconomical due to geographical barriers or high costs. Utilities can opt for off-grid solutions to serve customers in 
these areas, using localized power generation and distribution systems rather than investing heavily in grid expansion.
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OFF-GRID SOLUTIONS REQUIRE AN ADDITIONAL COST

• Operation and maintenance cost. A remote system requires a dedicated team for operational monitoring and regular maintenance to 
ensure load is met at all times and power quality is maintained [1].

• Cost to maintain reliability. There is a tradeoff between reliability and cost. To increase the reliability of variable renewable energy
(VRE*), such as solar and wind, overbuilding** of the system and its components is needed. This incurs additional cost in land and 
equipment sizing of all resources (that is, the PV panel, battery, generator, inverter, and generator fuel).

• Load management. In an off-grid system, instantaneous maximum power demand needs to be tracked, and loads need to be categorized 
as critical or non-critical in order to address fixed and flexible loads. Investment is needed in the form of data collection, dashboard 
creation, and planning [2].

• Generator-based backup system. Most off-grid systems incorporate diesel, oil, or natural gas-based generators as dispatchable 
resources in case of low energy output from VRE resources. Additional costs include fuel costs for the backup generation and controls 
needed for ancillary services, such as black-start, voltage, and frequency support [3].

*Variable Renewable Energy (VRE)
• Targeted demand response, including the following, can be applied to decrease overall off-grid system cost and maximize clean resource utilization:

Load shift: Battery storage can avoid curtailment and shift non-critical load during off-peak hours, changing the load profile and overall cost.
Peak shaving: Energy saving habits and energy-efficient appliances can help reduce energy consumption.

**Overbuilt System [4]
• Overbuilt systems for VRE resources are designed to generate more power than is needed under normal circumstances. This is done to ensure that 

the system can meet demand during times of peak production or when unexpected disruptions occur.
• VRE resources are usually overbuilt to supply multiple times the peak load demand to ensure that load capacity is met during seasonal low VRE 

generation [5]. With no backup from the grid, the battery storage or generators are also built for a higher capacity that can meet the peak load and 
demand at any time to compensate for the variable nature of renewable energy [3].
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EXAMPLES OF GLOBAL USE CASES: ISOLATED ENERGY SYSTEMS

Solar-Powered Hydrogen 
Production [4]
• These systems focus on 

replacing diesel generators 
with PV, batteries, and fuel 
cells.

• The systems use solar 
energy for direct 
consumption and use the 
surplus for hydrogen 
production (electrolyzer).

• The hydrogen can then be 
used to produce electricity 
vial fuel cells.

Remote Communication Centers [5]
• Off-grid systems help overcome the inherent 

limitations of traditional power systems for 
telecommunications that have been reliant on 
grid power and diesel generators.

• Solar and wind energy are the primary sources 
used in off-grid telecommunication 
applications.

• Coupled with energy storage, these systems 
can provide continuous and reliable power 
supply in places where the traditional grid is 
either unreliable or non-existent.

• The intermittency of solar and wind might pose 
significant challenges and requires additional 
storage to compensate.

Remote Sites at Queensland, Australia 
Under Isolated Networks Strategy 2030 
[1,2]
Ergon is looking into decarbonizing 39 
off-grid systems that traditionally rely on 
diesel generators by installing residential 
PV and battery storage to provide a 
more reliable, sustainable source of 
power. It aims to:
• Improve service to aboriginal and 

remote communities
• Reduce the cost of electricity
• Increase job opportunities
• Improve climate change resilience 

in the islands

Wind-Powered Remote Location: St. Mary’s,
Alaska [3]
Mountain Village in remote Alaska has a 900-kW 
wind turbine and a 2-MW diesel power plant. 
The wind resource was added to reduce fuel 
dependency due to concern over fuel shipment 
limitations.
• The power system servers about 700 people 

in St. Mary and two villages (Pitka’s Point 
and Mountain Village)

• Funded by a U.S. Department of Energy 
Indian Energy grant and Pitka Point Native 
Corporation Renewable energy

• Able to avoid a $5.3 million diesel cost.

Green Mountain Data Center: 
Stavanger, Norway [6]
• Located in Norway and completely 

disconnected from the electrical grid
• Powered entirely by nearby hydroelectric 

plants and on-site wind turbines
• Designed for sustainability with renewable 

energy and natural cooling
• Provides colocation services to customers 

wanting a green, resilient data infrastructure

Lefdal Mine Data Center: Norway [7]
• Situated in a former underground mine in 

Norway
• Utilizes on-site wind turbines and geothermal 

energy for power and cooling needs
• Promotes sustainability by using local 

renewable resources
• Offers colocation services in a unique 

underground facility with green operations

Off Grid Data Centers:
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DISTRIBUTED ENERGY RESOURCES AND DISTRICT ENERGY IN STAND-ALONE CONFIGURATIONS

 Distributed energy resources (DERs)in common on-
grid uses are small-scale distribution-connected 
power generation and storage technologies (3 kW to 
10 MW) located near electricity use, such as rooftop 
solar PV and batteries.

 Some DERs—including wind, solar, fuel cells, 
turbines, and storage—can connect to the grid or 
operate off-grid. 

 Off-grid DERs enable facilities to operate 
independently, improving efficiency and emissions.

 Off Grid DERs are a solution for remote facilities, 
because they generate dedicated off-grid power, 
enabling independent operations and cost savings.

 Utilities can use Off Grid DERs to delay or avoid 
upgrades to generation, transmission, and 
distribution infrastructure.

 DERs can generate electricity and utilize waste heat 
for heating processes, improving overall efficiency, 
costs, and emissions.
 District energy efficiently heats/cools 

multiple buildings from a central plant using 
steam, hot water, and/or chilled water pipes.

 Combined heat and power (CHP) and 
cogeneration enable simultaneous on-site 
production of electricity and heat.

DER (1)
Off-grid DERs operate continuously to match demand. Their high efficiency minimizes costs and emissions; 
reliability is critical, but maintenance is expensive. Engines and gas turbines are often most cost-effective. 
Engines and microturbines suit smaller systems, while gas turbines suit larger ones. Fuel cells offer 
environmental benefits, but are expensive. Renewables, such as solar, wind, and hybrids, work where fossil 
fuels are limited in availability, permitting is difficult, and/or grid extension is expensive. In remote areas, fossil-
fuel-fired generator logistics have high costs, so hybrid renewable systems can be more cost-effective over the 
long term.

District Energy(2,3)
For off-grid facilities with multiple buildings that need 
heating, cooling, and power, an on-site district energy 
system could be beneficial. Although currently fossil-fuel 
based, district systems can utilize renewables such as 
biofuels, solar, and geothermal. CHP requires generation 
technologies that produce excess heat, such as diesel 
engines, gas turbines, fuel cells, microturbines, or 
nuclear facilities. Additional heat capture equipment 
increases costs. CHP incremental project costs are site-
specific but are approximately $400/kW for piping, heat 
exchangers, and engineering.

Applications in Stand-Alone Configurations

District Heating – Steam & Hot Water
District Cooling – Chilled Water
District Power – Normal & Emergency Power
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OPPORTUNITIES FOR UTILITIES
Stand-alone renewable energy systems offer utilities a way to serve rural and remote communities that would otherwise 
be too costly to connect to conventional transmission and distribution infrastructure. At the same time, properly 
integrated off-grid systems can benefit utilities by reducing grid expansion costs and supporting stability [1,2,3,4].

Business Model Trends
• Community model. The utility owns and operates a local solar+storage

system, serving a small community or area off the main grid. Customers pay 
the utility for their power usage.

• Pay-as-you-go. Customers pay the utility incrementally as they use the off-
grid system, enabled by prepaid metering and mobile payments.

• Micro-utilities. The utility establishes a separate subsidiary or spinoff for off-
grid systems, which is essentially its own utility startup.

• Equipment sales. The utility sells solar systems, batteries, and backup 
generators directly to customers and provides financing options.

Alternatively, instead of acting as a full-service provider, the utility can act as:
• An original equipment manufacturer (OEM) that sells hardware and provides 

design and engineering consulting services for system planning and 
construction.

• An integrated contractor that uses a build-own-operate model, whereby the 
utility finances, builds, and operates off-grid systems on behalf of customers 
or communities.

• A stand-alone grid operator that remotely monitors and controls dispersed 
energy resources—such as solar, batteries, and back-up generators—to 
orchestrate a cohesive off-grid system. 

UNITED STATES
• Leasing model, coupled 
with tax subsidies

EUROPE
• Emphasis on solar 
and offshore renewables

ASIA
• A mix of diesel and 
renewable on-site 
generation to improve 
grid reliability

AFRICA
• Focus on solar

Global Perspective
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The Way Ahead
Despite promising advancements in stand-alone energy 
systems, it remains uncertain whether fully off-grid models 
can achieve widespread growth compared to the legacy 
electric grid in the near future. Actual adoption trends over 
time—along with policy decisions, costs, innovation and 
real-world deployment—will provide a better sense of the 
off-grid trajectory as these factors become more apparent.
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OFF-GRID APPLICATION TO FAST-TRACK RURAL ELECTRIFICATION

Sarawak Alternative Rural Electrification Scheme (SARES) [1]

SARES is a government-community partnership program to build a cost-effective grid and electrify remote areas. Under this program in Sarawak, Malaysia, Sarawak Energy built 
an off-grid system that consists of stand-alone solar or micro hydro systems to overcome the challenge of extending the existing grid in a rugged landscape, dense forest, and 
winding rivers. This program electrified 57 villages.
 It provides 3 kWh of reliable renewable energy to each household.
 Over 200 villages were identified for off-grid application.
 A complete electrification target is set for 2025

Electrification in Africa [2]

The commissioning of 85 kW of solar power in Gbamu-Gbamu, Nigeria is an example 
of accelerated electrification in rural Africa. The initiative reduces the financial burden 
on the government and serves the community with lower-cost electricity than the 
conventional grid. 
 It serves 400 households.
 Its 24-hour power supply ensures replacement of traditional kerosene lanterns.
 It improves access to better street lighting and the internet, while enhancing 

business engagement.
 It includes microfinance programs, such as appliance financing [3] offered by 

Rubitec and Mini-Grid Innovation Lab, to provide affordable monthly payment-
based home appliances [4,5].

Effectiveness
 Improves reliability by providing 24-hour power to the region
 Reduces the cost of transmission line and infrastructure, compared to the 

conventional grid
 Acts as a catalyst for social and economic benefits
 Accelerates electrification, compared to the conventional grid
 Reduces carbon emissions and noise from diesel generators
 Reduces shipping costs and fuel requirements

Sarawack Electrification and Transmission map shows the region using an off-grid 
approach for fast electrification before existing lines can be extended

© 2023 Electric Power Research Institute (EPRI), Inc. All rights reserved.
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PG&E Remote Grid Program [1]
Pacific Gas and Electric Company (PG&E) offers off-grid or stand-alone 
system solutions to areas with a high-wildfire risk and low-density 
populations to reduce wildfire risk, improve reliability, and 
reduce public safety power shutoffs (PSPS) in these areas.

 The utility will apply the program to serve a small number of 
customers for which the program is less expensive than building 
conventional power lines through steep and dense forestation.

 The program is limited to small-scale (20-kW) load.

 The load will be met with onsite PV, batteries, and a propane-
based generator. There will be no import or export of power, so 
the system will be classified as an on-site distribution asset, 
rather than a generation unit.

 This program aims to reduce use of mobile diesel generators in 
blackout scenarios due to wildfires.

 Lake, Sonoma, and Tulare counties are identified as potential 
implementation areas.

UTILITY-OWNED OFF-GRID SOLUTIONS

Effectiveness [2]
• Improves reliability by reducing PSPSs
• Reduces ignition probability from down live-conductor and overhead power lines
• Reduces vegetation management costs for long transmission lines
• Eliminates the cost of hardening and monitoring energized lines in high-wildfire-risk areas
• Eliminates maintenance and replacement costs for overhead lines after extreme weather events, such as high winds and wildfire
• Reduces transmission line costs in steep and rugged terrain

Proposed off-grid connection enables PG&E to serve remote costumers, while minimizing wildfire 
ignition risk due to electrical equipment. The off-grid system will consist of a solar array, propane 
based generator, and batteries to provide reliable power.
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