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THREE-COUNTY SOLAR + STORAGE STUDY AND ACTION PLAN

STUDY FUNDING PARTNERS

The Colorado Department of Local Affairs Renewable Energy Challenge Grant included a package of 
five projects related to energy use and development in the region:
1. A regional energy inventory to measure energy use, costs and emissions.
2. A study of the potential for further development of solar energy coupled with battery storage, along with 

a dynamic solar map that identifies all viable land parcels.
3. An online toolbox of resources to inform landowners and local governments about successful solar plus 

storage project development.
4. Consultation with local governments to streamline the permitting processes for solar energy projects.
5. An economic transition study to assess the local economic implications of shifting from fossil fuels to 

100% clean energy.

The online toolbox (3) is hosted on the Western Colorado Clean Energy Network website, and on the CORE 
and Walking Mountains Science Center websites. The toolbox offers landowners, solar developers and local 
government officials helpful user-oriented information about community-scale solar projects. 

Consultation with local governments (4) is under way with seven municipal and county governments in the 
region, using the U.S. Department of Energy’s SolSmart program1 for communities as a guide. To date, four 
local governments in the region have achieved SolSmart designations as communities that are “open for 
business” for solar energy development. 

The economic transition study (5) explains the taxing framework for the oil and gas industry in Colorado, 
tallies the tax revenues received by local governments, reports on the fiscal impacts that would result from a 
transition away from fossil energy to renewable energy, and begins to strategize ways to make that transition 
less disruptive for local governments, workers and businesses.
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The state of Colorado, local governments in Eagle, Garfield and Pitkin counties, and the electric utilities serving 
the three-county region have all set goals to shift the region’s electricity supply to renewable energy. 

At present, renewable energy only fuels a portion of the three-county region’s electricity usage. Most of that 
clean energy comes from large, utility-scale solar and wind facilities located in other areas. Yet the region is 
blessed with abundant sunshine, and a significant share of the region’s electricity demand could be met by 
generating more solar-powered electricity within the region.

While utility-scale solar projects produce electricity for the lowest unit cost, building such large facilities within 
the mountainous three-county region isn’t feasible. The region is ideally suited, however, for development of 
mid-sized community-scale and smaller net-metered systems. The incrementally higher generation costs of 
these systems can be significantly offset by avoiding long-distance transmission costs and by capturing a share 
of installation and operational costs to benefit the regional economy. Coupling these systems with battery 
storage delivers further benefits to consumers and utilities.

This report builds on longstanding efforts in the three counties to accelerate locally-produced clean energy. A 
team of local clean energy advocates and experts, technical advisors and a national real estate mapping firm 
worked together to quantify and evaluate the region’s potential for development of more community-scale 
and net-metered solar plus battery storage. The project team also examined how solar plus storage could 
deliver other benefits to the region, developed a map of all of the potential sites for community-scale solar 
development and created an online toolbox for landowners and local government officials. 

The project team noted the high value of customer-owned, net-metered solar plus storage systems. Because 
there are so many variables associated with smaller net-metered systems, the team concentrated its in-depth 
analysis on the potential for community-scale solar plus storage. 

This study is focused on the development of new resources for energy production. However, energy efficiency 
plays a critical role in these calculations. Reductions in electricity consumption achieved through efficiency 
measures will increase the ratio of local energy production to usage. 

Through this study, the project team sought to answer a series of questions about the potential scale of solar 
plus storage development and the benefits such development could deliver. The answers, presented here as 
key findings, show exceptional promise for using solar plus storage to help meet renewable energy goals.

E X E C U T I V E  S U M M A R Y

Wolcott, Eagle County - Emily Kent photo
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KEY FINDINGS

How much electricity is used in the region per year?
1.86 million megawatt-hours of electricity, at a cost of $193 million, in 2019.

How much more community-scale solar could feasibly be developed in the region, under current 
market conditions? 
232 megawatts, equal to about 420,000 megawatt-hours of production per year.

What roles will battery storage play? 
Help utilities balance supply and demand, maintain a resilient energy supply during emergencies,  
and make new solar development viable for the local electric grid.

How much of the region’s electricity consumption could be met by developing more community-scale 
solar plus storage?
If all 232 MW were developed, it could provide 23% of the region’s electricity consumption.

What benefits and advantages would come from growth in community-scale and net-metered solar 
plus storage?
Cutting carbon emissions, building resilience in the energy supply, and boosting the economy.

What are the local economic benefits for developing 232MW solar plus storage?
Local purchase of products and services, property tax revenue, land lease revenue, energy savings 
and jobs.

What barriers and restrictions stand in the way of an even higher amount of solar plus storage 
 development?

Grid limitations, energy storage costs, and current regulations.

What can the region do to realize its full solar plus storage potential?
An action plan, Section 8.0, spells out the steps for local governments, utilities, solar developers 
and landowners.

E X E C U T I V E  S U M M A R Y

Utility-scale solar is typically 15 megawatts (MW) or 
more in size, covering 75 or more acres and connected 
directly to regional transmission lines. 

Community-scale solar (CSS) is typically 1 MW to 
15 MW in size, built on parcels of 5 to 75 acres, and 
connected to the distribution grid. 

Net-metered (NM) solar, which can be on rooftops or 
ground-mounted nearby, is much smaller and usually 
sized to offset about 100% of the customer’s annual 
energy use. Systems are connected “behind the meter,” 
where they directly offset a customer’s electricity 

DEFINING UTILITY-SCALE, COMMUNITY- 
SCALE & NET-METERED SOLAR
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Introduction

1.0

Together, we can do our part to fight climate change, improve air quality and the  
health of our communities, diversify and strengthen our economy across the state, and 
ensure the good-paying jobs of the quickly growing green energy economy are created 
here in Colorado.2  

—COLORADO GOV. JARED POLIS 

Rifle Falls, Garfield County - Ryan Mackley photo

2. Roadmap to 100% Renewable Energy by 2040 and Bold Climate Action, 2020. 
Online at: https://drive.google.com/file/d/0B7w3bkFgg92dMkpxY3VsNk5nVGZGOHJGRUV5VnJwQ1U4VWtF/view
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Across the United States, national, state and local leaders have set 
goals for reaching 100 percent renewable energy. In Colorado, state 
government leaders aim to reach 100 percent renewable energy 
by 2040 and have published a roadmap for reaching net-zero 
greenhouse gas emissions across all energy sectors by 2050.

Government leaders, utilities, regulators, businesses, manufacturers, 
clean energy developers, energy consumers and community 
organizations all have important roles in achieving these goals.

In the three-county Eagle, Garfield and Pitkin region, local 
governments and clean energy nonprofits have worked for years, 
together and separately, to set local renewable energy goals and 
foster local renewable energy development. These counties are 
already connected with a shared regional economy and workforce, 
making collaboration on clean energy a natural step forward. And 
in Garfield County, renewable energy development builds on the 
county’s decades-long role of being an energy producer.

Electric utilities that serve the three-county region are responding 
with their own renewable energy goals, along with plans and action 
to encourage energy efficiency, develop a smart grid, incorporate 
battery storage and deploy a variety of renewable energy 
technologies. In particular, Holy Cross Energy, the rural electric co-op 
that serves 69% of the region’s customers, is a leader in clean energy 
innovations.

Utilities are investing in large, centralized renewable energy 
projects, such as wind farms and utility-scale solar arrays, while 
continuing to offer incentives for smaller distributed projects such as 
community-scale solar and net-metered solar. 

INTRODUCTION1.0
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Utility-scale solar is typically 15
megawatts (MW) or more in size, covering 
75 or more acres and connected directly to 
regional transmission lines. 

Community-scale solar (CSS) is typically
1 MW to 15 MW in size, built on parcels 
of 5 to 75 acres, and connected to the 
distribution grid. 

Net-metered (NM) solar, which can be on 
rooftops or ground-mounted nearby, is much 
smaller and usually sized to offset about 
100% of the customer’s annual energy use. 
Systems are connected “behind the meter,” 
where they directly offset a customer’s 
electricity usage. 

Distributed renewable energy resources, such as solar plus 
battery storage, come at a higher per-kilowatt cost than 
utility-scale projects. However, they strengthen the electrical 
supply grid, build energy resilience and help diversify local 
economies. Project developers and electric customers, with key 
support from utilities, have installed 32.5 MW of distributed 
community-scale and net-metered solar across the three 
counties, since solar is the region’s most abundant renewable 
energy resource.

Two decades of investments in solar arrays and, more recently, 
solar plus battery storage projects, have begun to contribute 
to the region’s renewable energy goals. The region’s strong 
interest in distributed solar energy and its success achieved to 
date prompted a series of questions about future potential:

1. How much more community-scale solar could feasibly be
developed in the region, under current market conditions?

2. What role will battery storage play?
3. How much of the region’s electricity demand could be met

by developing more community-scale solar plus storage?
4. What benefits and advantages would distributed solar

plus storage growth bring to the region and the local
economy?

5. What barriers and restrictions stand in the way of
increased solar plus storage development?

6. What can the region do to realize its full solar plus storage
potential?

INTRODUCTION1.0

UTILITY-SCALE, COMMUNITY-SCALE & NET-METERED SOLAR
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The region’s efforts moved forward in February 2019 with a workshop for 
governmental, utility and nonprofit stakeholders. It was led by the National 
Renewable Energy Laboratory and Rocky Mountain Institute as part of the U.S. 
Department of Energy’s Solar Energy Innovation Network. Workshop participants 
produced a draft Renewable Energy Roadmap that listed tangible steps for ramping 
up solar energy development in the region. 

When the Colorado Department of Local Affairs offered its Renewable Energy 
Challenge Grant later in 2019, energy leaders in the three-county region recognized 
the grant funding as a means of taking the next steps toward implementing 
components of the Roadmap. Staff from Garfield County-based Clean Energy 
Economy for the Region (CLEER), the Pitkin County-based Community Office for 
Resource Efficiency (CORE) and Eagle County-based Walking Mountains Science 
Center worked together to develop a regional grant application, with funding and 
support from Garfield Clean Energy, and local match from Garfield, Eagle and Pitkin 
counties. 

This Solar-Plus-Storage Study is one of several products to result from that grant 
funding, and focuses on the community-scale market. Growth in net-metered 
projects will continue to play a vital role, but will require further analysis.

The study answers the six questions about the region’s potential for community-
scale solar, and presents an action plan for accelerated solar plus storage 
development.

The Solar-Plus-Storage Study is the result of collaborative work that includes staff 
from CLEER, CORE and Walking Mountains working with technical advisors from 
the National Renewable Energy Laboratory, Rocky Mountain Institute, private sector 
solar developers, and electric utility representatives.

To find locations for new community-scale arrays, the project team contracted 
with National Land Realty, a nationwide company that represents landowners in 
negotiations for solar energy leases. The company focused its proprietary mapping 

INTRODUCTION1.0

technology on the three-county region to create a dynamic solar map that 
identifies parcels suitable for solar development. 

This map is available on a password-protected web portal to solar developers, 
landowners and local government planners.

The Solar-Plus-Storage Study shows that development of more community-scale 
solar plus storage would meet nearly one quarter of the region’s electric demand, 
while delivering other benefits. Changes to current regulatory policies and market 
barriers, coupled with expansion of the electrical transmission grid, could boost 
that percentage even higher.

In the quest to reach 100 percent clean energy, combining cost-effective utility-
scale renewable energy projects with the flexibility and resilience of community-
scale solar plus storage will be an essential strategy.



T H R E E  C O U N T Y  S O L A R  +  S T O R A G E  R E P O R T   |   10 

Understanding Regional 
Energy Use & Current Solar 
Production

2.0

To learn what share of the electricity used in the three-county region could be produced locally, the 
project team conducted an inventory of energy use for the year 2019. The inventory compiled electricity 
use in buildings and industry, using data from electric utilities serving the region.

Over the years, each county has conducted energy inventories, but none have attempted to gauge the 
region’s potential for producing a significant share of its own energy needs.

The data presented here focuses on electricity use, the varying fuel mix of electric utilities serving the 
region, and a tally of installed and in-development solar generation in the region. 

An expanded version of this inventory, published separately, also covers natural gas consumption in 
buildings, energy costs and carbon emissions, and provides breakdowns of use, cost and emissions data 
by county and by communities within the counties.

Maroon Creek Road, Pitkin County - Dave Reed photo
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UTILITIES, CUSTOMERS & ELECTRICITY USE
• Total population in the three counties is 133,000, with 42% in Eagle County, 45% in Garfield County and 13% in Pitkin County.3

• The six electric utilities serving the region had a total 83,651 customer meters in 2019, divided by 81% residential and 19% commercial. 

FIGURE 1. ELECTRIC UTILITIES SERVING EAGLE, GARFIELD & PITKIN COUNTIES

UNDERSTANDING REGIONAL ENERGY USE & CURRENT 
SOLAR PRODUCTION

2.0
2.1

 3. U.S. Census Bureau 2014-2019 American Community Survey, five-year estimates. 
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UTILITIES, CUSTOMERS & ELECTRICITY USE
In 2019, homes, buildings and industry in the region used nearly 1.86 million 
megawatt-hours of electricity. Customers paid $193 million for that electricity and 
related utility services. 

Carbon emissions from electricity generation vary by utility, based on fuel mixes 
that can include coal, natural gas, wind, hydropower and solar. 

Xcel Energy and Holy Cross Energy generate electricity from fossil and renewable 
sources. Xcel’s fuel mix in 2019 contained 30% renewable energy. Holy Cross 
Energy’s fuel mix in 2019 contained 42% renewable energy plus 2% captured 
methane. Wind is the dominant source of renewable energy used by these two 
utilities. 

Through wholesale contracts for wind and hydropower, Aspen Municipal Utility 
and Glenwood Springs Electric provide 100% renewable energy.

UNDERSTANDING REGIONAL ENERGY USE & CURRENT  
SOLAR PRODUCTION

2.0

2.1 (cont’d) FIGURE 2. MEGAWATT-HOURS PROVIDED IN 2019, BY UTILITY
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UTILITY FUEL MIX

UNDERSTANDING REGIONAL ENERGY USE & CURRENT  
SOLAR PRODUCTION

2.0
2.2

 FIGURE 3. XCEL FUEL MIX

 FIGURE 5. ASPEN FUEL MIX  FIGURE 6. GLENWOOD FUEL MIX

 FIGURE 4. HOLY CROSS FUEL MIX



T H R E E  C O U N T Y  S O L A R  +  S T O R A G E  R E P O R T   |   14 

REGIONAL SOLAR INVENTORY: UTILITY-SCALE AND COMMUNITY-SCALE RESOURCES
Utilities add larger quantities of solar energy to their fuel mix through utility-scale and community-scale solar arrays. These are typically built by 
a private developer, with the produced energy or the array itself sold to utilities. Arrays may also be built and owned by the utility.

Utility-scale solar is typically 15 MW or more in size, covering 75 or more acres and connected directly to regional transmission lines. There are 
no utility-scale solar arrays in the three-county region, but Xcel Energy and Holy Cross Energy buy power from utility-scale arrays elsewhere.

Community-scale solar is typically 1 MW to 15 MW in size, built on parcels of 5 to 75 acres, and connected to the distribution grid. These projects 
sometimes enroll subscribers that purchase power from the project to offset grid energy use elsewhere. 

The six community-scale solar projects operating in the region are included in the fuel mix reported by Xcel and Holy Cross. These provide  
0.8% of annual electric usage in the region. Most subscribers are local governments and large commercial customers using 20-year  
purchase contracts.

Another seven community-scale solar plus storage projects are at various stages in the approval process as of this study’s publication. Projects  
do not always follow through to completion. These projects are included, however, to account for the power they would produce and feed onto 
the local distribution grid.

UNDERSTANDING REGIONAL ENERGY USE & CURRENT  
SOLAR PRODUCTION

2.0
2.3

TABLE 1. COMMUNITY-SCALE SOLAR ARRAYS AND CAPACITY IN THE THREE-COUNTY REGION, BY UTILITY, 2020

Number of Community  
Scale Projects

Generating Capacity in Megawatts 
(MW DC)

Estimated Annual Generation in 
Megawatt Hours (MWh)

EXISTING

Holy Cross Energy 4 6.4 MW 11,592 MWh

Xcel Energy 2 2.1 MW 3,600 MWh

Existing subtotal 6 8.4 MW 15,192 MWh

IN PROCESS

Holy Cross Energy 3 24.5 MW 44,516 MWh

Xcel Energy 4 6.75 MW 12,265 MWh

In development subtotal 7 31.25 MW 56,781 MWh

TOTAL 13 39.65 MW 71,973 MWh
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REGIONAL SOLAR INVENTORY: NET-METERED SYSTEMS
The three-county region has been a leader in the state and country for more than 20 years in creating programs and policies that encourage 
installation of net-metered solar systems.

Net-metered systems are installed on rooftops or adjacent land and provide electricity to the building or facility on that site. Systems can be sized to 
provide up to 120% of the energy used on that site; actual percentage varies. Recent state legislation will raise this limit to 200% for customers to 
anticipate new uses such as electric vehicle charging and electric heat pump systems.

Net-metered systems use energy produced by the on-site solar during the day, and may draw electricity from the grid at night or when under snow 
cover. Utilities measure the net energy use, hence the “net metering” description. 

Utilities typically sell little to no net energy to net-metered customers. Therefore, most of these systems and the renewable energy they produce are 
not reported in the fuel mix data offered by electric utilities. The only reported systems are those enrolled in Xcel Energy’s Solar*Rewards program.

UNDERSTANDING REGIONAL ENERGY USE & CURRENT  
SOLAR PRODUCTION

2.0
2.4

TABLE 2. NET-METERED SOLAR CAPACITY IN THE REGION, BY UTILITY, 2020

Generating Capacity in Megawatts (MW) Estimated Annual Generation in Megawatt Hours (MWh)

Holy Cross Energy 16.74 MW 25,110 MWh

Xcel Energy 6.45 MW 9,687 MWh

Glenwood Springs Electric 0.99 MW 1,404 MWh

TOTAL 24.13 MW 36,201 MWh
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Regional Potential of  
Community-Scale Solar +  
Storage (CSS+)

3.0

This section looks at the capacity for community-scale solar plus storage (CSS+) in the region by starting 
with the broad resource potential, and then narrowing that potential to account for technical limitations. 
Technical potential is assessed by acreage and megawatt capacity. A final set of filters further reduces 
acreage and megawatt capacity to market potential, providing a quantifiable scenario for community-
scale solar development. 

The section ends by presenting a picture of how CSS+ can help in reaching the goal of 100% renewable 
energy and outlines the economic and other non-energy benefits that can result from local development 
of community scale solar plus storage resources.

The Grand Hogback, Garfield County - Ryan Mackley photo
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This approach builds off the work done in Garfield County’s 2014 Energy Resource Inventory project.4
 That initiative identified areas within the 

county favorable for future energy development of all types, including an assessment of the resource potential for solar photovoltaic development. 

The study authors, the consulting firm TRC, presented the results in the form of a constraints map that accounts for limits to the overall potential for 
solar energy production. (See Fig. 7) Constraints included topography, shading from vegetation and slopes, and the location of utility infrastructure. 
The inventory project did not quantify feasible acreage for CSS+ development.

For this solar-plus-storage study, the project team extended the analysis to a larger regional area, applied additional filters to identify feasible 
parcels for solar development, and tied the potential for CSS+ development to current utility grid capacity and utility renewable energy policies and 
programs.

REGIONAL POTENTIAL OF COMMUNITY-SCALE SOLAR + 
STORAGE (CSS+)

3.0

FIGURE 7. GARFIELD COUNTY 2014 ENERGY RESOURCE INVENTORY, SOLAR CONSTRAINTS MAP

 4. Garfield County Energy Resource Inventory:  
    Energy Resource Summary Report (March 26, 2014)
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FIGURE 8. REGIONAL SOLAR POTENTIAL FRAMEWORK & PROCESS OF ANALYSIS

FRAMEWORK & PROCESS OF ANALYSIS
To determine how much solar electricity could be produced in the three-county area by community-scale solar, the project team tapped two outside 
resources. The team consulted with regional solar developers, who used their knowledge and practical experience to define the criteria needed to 
identify viable sites for new systems. 

For the dynamic solar map, the project team contracted with National Land Realty,5 a nationwide company that represents landowners in 
negotiations for solar energy leases. The company focused its proprietary, technologically advanced mapping system on the three-county region to 
show a bird’s-eye view of open land in the three counties and identify parcels suitable for solar development. 

Combining the criteria provided by solar developers with dynamic mapping, the project team narrowed the vast resource potential of overall solar 
energy to sites that could be developed based on their technical attributes, and further narrowed the sites by considering the constraints of the 
current energy market.

REGIONAL POTENTIAL OF COMMUNITY-SCALE SOLAR + 
STORAGE (CSS+)

3.0
3.1

• Theoretical physical 
potential: Solar Irradiance

• Electric Grid Constraints
• Land Use Constraints
• Topographic Constraints
• PV System Inefficiencies

• Economic Competition
• Regulatory Constraints
• Utility Policies
• Utility Programs

RESOURCE 
POTENTIAL

TECHNICAL 
POTENTIAL

MARKET 
POTENTIAL

 5. National Land Realty solar resources: https://nationalland.com/services/solar

ADAPTED FROM: National Renewable Energy Laboratory, “Estimating Renewable Energy Economic Potential in the United States: Methodology and Initial Results,” Brown et al, 2016, p.8.
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FRAMEWORK & PROCESS OF ANALYSIS
The work started with assessing the resource potential, a broad 
measurement of the sunshine that reaches Earth that could 
theoretically be converted into electricity by solar photovoltaic (PV) 
systems. The region has an arid climate, with most days free of cloud 
cover, so the resource potential is substantial.

From the full resource potential, the project team assessed the 
constraints of open land, as well as constraints in the regional electric 
system that would receive the energy produced by solar projects. The 
technical potential filter revealed the maximum possible capacity for 
solar technology that could be built in places that are not constrained 
by topography or insufficient electric infrastructure.

From the technical potential result, which showed where solar is 
technically feasible, the project team applied further filters related to 
the policies, regulations and programs of utilities and governments to 
find the market potential. 

REGIONAL POTENTIAL OF COMMUNITY-SCALE SOLAR + 
STORAGE (CSS+)

3.0
3.1 

(cont’d)

The following sections walk through the technical potential and market 
potential in more detail.  
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RESOURCE POTENTIAL
The resource potential of solar energy refers to the theoretical physical potential of sunshine, technically called solar irradiance, that reaches the Earth. 
This potential is expressed as Global Horizontal Irradiance (GHI), which measures the total amount of shortwave radiation received from the sun by a 
horizontal surface on the ground. 

With an average GHI of approximately 4.8 kilowatt hours per meter squared, the three-county region benefits from an abundant solar resource.

REGIONAL POTENTIAL OF COMMUNITY-SCALE SOLAR + 
STORAGE (CSS+)

3.0
3.2

FIGURE 9. SOLAR IRRADIATION FOR THE CONTIGUOUS 48 STATES

SOURCE: https://globalsolaratlas.info/download accessed April 5, 2021.



T H R E E  C O U N T Y  S O L A R  +  S T O R A G E  R E P O R T   |   21 

TECHNICAL POTENTIAL
The technical potential of solar energy generation narrows the full solar resource by applying various constraints that make solar development 
impractical. These include land use limitations, topography, and the existing utility grid system and related infrastructure. Technical potential also 
considers the energy-producing performance of a solar array with system inefficiencies factored in. 

Assessing the Technical Potential
Criteria: Before launching the regional mapping process, the project team created a survey and asked solar developers who work in the region to 
comment on criteria for site suitability. The results yielded an expansive list of potential criteria and other factors to consider. The project team ranked 
the suggested criteria and factors as high and essential, high, and medium.

REGIONAL POTENTIAL OF COMMUNITY-SCALE SOLAR + 
STORAGE (CSS+)

3.0
3.3

3.3.1

TABLE 3. CRITERIA FOR ASSESSING TECHNICAL POTENTIAL

MAP DATA / SITE CRITERIA PRIORITY FOR INCLUSION

Proximity to electric utility infrastructure High/Essential

Size of site in acres High/Essential

Slope percentage High/Essential

Parcel data: owner, tax area ID High/Essential

Solar insolation data High

County zoning type – avoid PUDs and conservation easements High

Type of site: e.g. commercial or industrial zoning, brownfield, green field High

Zone or area where a utility would favor a utility-scale battery storage system High

Vegetation cover – types and percentages Medium

Wetlands, ponds, lakes and reservoirs Medium

Wildlife migration corridors Medium

Natural hazards (e.g. rockfall area) Medium

Identified brownfield sites Medium

Capacity of grid infrastructure to accept solar energy production in that location (information supplied by utility) Medium
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1.	Proximity	to	electric	service	infrastructure
The viable distance from a solar development 
to the point of grid interconnection depends 
somewhat on project size and specific project 
economics. For the purposes of this study, sites 
within 500 feet of a three-phase distribution line 
were included.

2. Size of site in acreage
To maintain some economies of scale, Round 1 
of site search focused on parcels with 10 or more 
usable acres. To include the potential for smaller 
projects, Round 2 searched for sites of 5 to 10 
usable acres. 

3. Land slope and other physical features
Sites were then assessed for physical characteristics 
that may preclude development, such as slopes 
greater than 10% or wetlands, ponds, lakes and 
reservoirs.

4. Land ownership
All identified sites are either privately owned or 
owned by a local government. State and federal 
lands, such as those managed by the  
U.S. Bureau of Land Management and U.S. Forest 
Service, were excluded. (See sidebar)

REGIONAL POTENTIAL OF COMMUNITY-SCALE SOLAR + 
STORAGE (CSS+)

3.0
3.3.1

(cont’d) SOLAR POTENTIAL ON PUBLIC LANDS 
Federal lands make up significant portions of all three counties in the region: 78% 
in Eagle County, 60% in Garfield County, and 84% in Pitkin County. These lands are 
managed by the U.S. Bureau of Land Management (BLM) and U.S. Forest Service, and 
both agencies have studied land potential for solar development. After reviewing these 
analyses, the project team concurred with the agencies’ conclusions that federal lands in 
the three-county region do not meet key criteria to be suitable for solar development. 

The BLM assessment identified lands that have favorable climates, good energy 
transmission potential, and relatively low conflict with natural, social, and cultural 
resources. This process led BLM to identify Designated Solar Energy Zones for utility-scale 
solar projects in the West.6 BLM identified four areas in Colorado; all are in the southwest 
corner of the state. 

In 2005, the National Renewable Energy Laboratory conducted an assessment of solar 
and wind development potential on national forest lands nationwide.7 While other 
national forests in Colorado were flagged for high solar potential, the White River 
National Forest did not meet the assessment’s criteria.

The main technical barriers to solar development on federal lands in the region are 
topography, as much of these lands have a slope greater than 10 percent, and lack of 
grid infrastructure or transmission lines crossing what is largely remote terrain and 
wilderness.

In Colorado, state-owned lands offer excellent locations for renewable energy. The 
Colorado State Land Board holds active leases for solar and wind energy projects for 
60,000 acres on Colorado’s Eastern Plains.8 While the State Land Board owns surface 
rights on 11 parcels in the three-county region, none are suitable for solar development 
because they lack access to utility infrastructure and/or are topographically unsuitable.  6. U.S. Bureau of Land Management, Solar Energy Zones, https://blmsolar.anl.gov/sez/

7. National Renewable Energy Laboratory, “Assessing the Potential for Renewable Energy on National Forest 
System Lands,” https://www.nrel.gov/docs/fy05osti/36759.pdf

8. Colorado State Land Board, Renewable Energy, https://slb.colorado.gov/lease/renewable-energy
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Mapping
To develop the dynamic solar map, the project team contracted with National Land Realty,9 a nationwide company that represents landowners in 
negotiations for solar energy leases. The company focused its proprietary, technologically advanced mapping system on the three-county region to 
show a bird’s-eye view of open land in the three counties and identify parcels suitable for solar development. 

With criteria from solar developers in hand, the project team launched the mapping effort with National Land Realty. NLR began with base map layers 
for the region. Its team then used LIDAR (Light Detection and Ranging, a laser-powered remote sensing method), GIS (Geographic Information System 
mapping) and parcel data from the Eagle, Pitkin and Garfield county assessors’ offices to analyze characteristics and properties of private land parcels.

REGIONAL POTENTIAL OF COMMUNITY-SCALE SOLAR + 
STORAGE (CSS+)

3.0

3.3.1
(cont’d)

 9. National Land Realty solar resources: https://nationalland.com/services/solar

FIGURE 10. SNAPSHOT OF DYNAMIC ONLINE SOLAR POTENTIAL MAP

This snapshot from the dynamic map identifies land parcels suitable for community-
scale solar plus storage projects in the three-county region. The dynamic map is 
available on a password protected website. Solar developers, landowners and other 
stakeholders may request access via the Western Colorado Clean Energy Network 
website. 

Parcels were selected if there are at least five acres of land 
that is suitable for solar development within the parcel, 
resulting in: Identification of 722 private land parcels with 
a total acreage of 84,714. 

This tally includes: Seven parcels where proposals for 
projects totalling 31 megawatts are currently in the 
approval process on both the Holy Cross Energy and Xcel 
Energy grids within the region.

This tally of parcels and acreage is of private lands only. 
The project team also developed: a separate list of 45 
suitable land parcels owned by local government entities 
in the three counties. The potential for solar development 
on these lands is included in the technical potential 
analysis, but they are not identified on the map. 

These parcels include: designated open space, and lands 
with other purposes or protections, and will need further 
review by local governments.
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Mapping

REGIONAL POTENTIAL OF COMMUNITY-SCALE SOLAR + 
STORAGE (CSS+)

3.0
3.3.1

(cont’d) TABLE 4. PARCELS AND ACREAGE IDENTIFIED BY MAPPING WITH SITE CRITERIA APPLIED

SERVICE TERRITORY LOCATION L PARCELS IDENTIFIED GROSS PARCEL ACREAGE

HOLY CROSS ENERGY

Eagle County 132 12,699 acres

Pitkin County 61 7,677 acres

Garfield County 442 59,773 acres

XCEL ENERGY

Garfield County 87 4,565 acres

REGION TOTAL 722 84,714 acres

Data Analysis & Methodology to Quantify Regional Technical Potential
To derive the regional technical potential of community scale solar plus storage (CSS+) systems built on land sites in the three-county area, the 
project team made assumptions about how much acreage would be usable for solar development on each of the 722 identified parcels and the 
subsequent size of a potential solar array that could be located on each of the parcels.

All of the identified parcels were then cross referenced with the existing utility grid infrastructure. The team applied these system constraints 
depending on the type of utility infrastructure adjacent to identified parcels. In areas where several suitable parcels are served by the same three-
phase electrical feeder, the potential capacity for system interconnection was capped at 15 MW of solar development per feeder. 

3.3.2

TABLE 5. TECHNICAL POTENTIAL OF CSS+ SOLAR DEVELOPMENT FOR IDENTIFIED LAND SITES, BY UTILITY SERVICE AREA

SERVICE TERRITORY MEGAWATTS (MW) MEGAWATT HOURS (MWH) LAND USE AT AVERAGE 6 ACRES PER MW

HOLY CROSS ENERGY 379 MW 688,643 MWh 2,274 acres

XCEL ENERGY 52 MW 94,484 MWh 312 acres

TOTAL TECHNICAL POTENTIAL 431 MW 783,127 MWh 2,586 acres
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REGIONAL POTENTIAL OF COMMUNITY-SCALE SOLAR + 
STORAGE (CSS+)

3.0
3.3.3

THE LITHIUM ION BATTERY 
Energy can be stored in many ways. Viable options include 
pumped hydroelectric storage, molten salt thermal storage 
and several types of battery technologies. 

Lithium-ion batteries are seeing greater use as a solar plus 
storage solution because of three advantages. They:
• Can hold a charge for longer than other types of battery 

technologies.
• Have a small footprint and can be installed nearly 

anywhere.
• Can dispatch electricity quickly to stabilize the grid.

Electric vehicle manufacturers are also relying on lithium 
ion battery technology. Expansion in demand is pushing 
manufacturing efficiency upward and unit cost downward. 

However, lithium ion batteries can only store a few hours 
worth of energy. Other storage technologies that provide 
longer duration storage capacity will be required to reach  
a 100% clean energy grid.

SOURCE: U.S. Department of Energy, https://www.energy.
gov/eere/solar/articles/solar-plus-storage-101

Load and Grid Flexibility: The Role of Storage 
Load and grid flexibility strategies improve grid reliability, balancing steady 
or variable power generation against fluctuating demand. As renewable 
energy becomes a larger share of electric generation, energy storage is 
emerging as a key component in helping utilities maintain grid flexibility.

Renewable energy resources are, by nature, intermittent. Sunlight is absent 
at night and reduced in cloudy weather. Wind can operate around the clock, 
but is dependent on weather systems. As these intermittent power sources 
are connected to the grid at ever higher rates, episodes of energy oversupply 
and undersupply become more frequent.

Energy storage can help balance supply and demand to keep the grid 
operating smoothly. Storage capacity coupled with controls convert 
the intermittent production solar and wind systems into dispatchable 
intermittent resources (DIRs), which are more useful and more valuable.
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REGIONAL POTENTIAL OF COMMUNITY-SCALE SOLAR + 
STORAGE (CSS+)

3.0
3.4 MARKET POTENTIAL

The market potential analysis began with sites that qualified under the technical potential criteria, and further refined the list to reflect limitations 
in the electric market. The analysis quantified the maximum amount of solar generation capacity that could be interconnected to the utility grid, 
taking into account current regulations governing utilities, as well as utility policies and programs in place today. 

Market potential must also consider economic competition from other generation resources. In this case, competition is less likely from other 
types of renewable energy, such as wind or hydropower, but more likely from solar projects in other areas.

The main market competition for CSS+ development on the distribution grid is from much larger utility-scale solar projects developed on the 
transmission grid that sell power through bulk supply contracts. These larger projects benefit from economies of scale, which deliver a lower 
levelized cost of energy than is possible for smaller community-scale projects built on the distribution grid. 

However, a simple comparison of levelized costs doesn’t tell the whole story. CSS+ also generates local employment, product sales and tax 
revenues, delivering economic benefits that aren’t reflected in the levelized costs comparison.
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REGIONAL POTENTIAL OF COMMUNITY-SCALE SOLAR + 
STORAGE (CSS+)

3.0
3.4.1 Estimating Market Potential 

The project team’s final estimate for market potential represents the 
absolute upper bounds of what could be developed in the region 
based on the current environment. Policies and regulations are 
subject to change. In this context, the market potential serves only as 
an indicator of how much solar capacity could be interconnected on 
regional distribution grids. It is not a predictor of what will actually be 
developed in the region.

Estimating the market potential of sites within the service territory for 
Holy Cross Energy, a small distribution cooperative, and for Xcel Energy, 
a large investor-owned utility, required different approaches.

Holy Cross Energy has set a goal of 100% carbon-free electricity by 
2030.10  To achieve that, it must replace 120 to 180 megawatts of fossil 
fuel-based resources with renewable energy generation, and add 
enough storage to maintain essential grid flexibility.

Xcel Energy’s Clean Energy Plan calls for a shift to 80% renewable 
energy by 2030.11 Xcel’s service territory extends far beyond the three-
county region, but this study focused on CSS+ potential within Xcel 
service territory in Garfield County. The market potential analysis also 
considered Xcel’s existing programs and policies that indicate capacity 
limits for integrating CSS+ on to the grid. 

Xcel Energy’s Solar*Rewards Community program solicited up to 75 
MW of capacity in a 2020 request for proposals. The project team 
assumed Xcel will continue to solicit interconnection applications 
under this program in the future. For Xcel territory in Garfield County, 
the market potential for community-scale solar is limited not by utility 
company programs or policies but by available acreage that is feasible 
for solar development. As a result, the technical potential of 52 MW in 
Xcel service territory is also the market potential.

TABLE 6. MARKET POTENTIAL OF CSS+ SOLAR DEVELOPMENT FOR IDENTIFIED LAND SITES, BY UTILITY SERVICE AREA

MARKET POTENTIAL MEGAWATTS (MW) MEGAWATT HOURS (MWH) LAND USE AT AVERAGE 6 ACRES PER MW

HOLY CROSS ENERGY 180 MW 327,060 MWh 1,080 acres

XCEL ENERGY 52 MW 94,484 MWh 312 acres

TOTAL MARKET POTENTIAL 232 MW 421,544 MWh 1,392 acres

10. Holy Cross Energy website, accessed May 19, 2021: https://www.holycross.com/holy-cross-energy-announces-100x30-carbon-free-electricity-goal-part-of-new-strategic-plan-to-lead-the-responsible-transition-to-a-clean-energy-future/
11. Xcel Energy website, accessed May 19, 2021: https://www.xcelenergy.com/company/media_room/news_releases/xcel_energy_announces_2030_clean_energy_plan_to_reduce_carbon_emissions_85%25

Combining the market potential for Holy Cross Energy of 180 MW with the market potential for Xcel Energy of  
52 MW results yields a regional market potential of 232 MW.
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REGIONAL POTENTIAL OF COMMUNITY-SCALE SOLAR + 
STORAGE (CSS+)

3.0
3.4.2 Battery Storage & Power Supply Economics

Battery storage can improve power supply economics for distribution utilities by storing energy at times of abundant supply and returning that 
energy to the grid at times of peak demand. With storage in the mix, distribution utilities have the potential to reduce the demand capacity fees 
levied by generation and transmission utilities through bulk supply contracts.

Solar plus storage deployment can also help to avoid costly system upgrades. Distributed Energy Resources (DERs) such as solar plus storage projects 
are starting to be deployed as a “non-wires” alternative to upgrading grid infrastructure. Targeting certain areas of the grid for solar plus storage can 
provide additional value to the utility by deferring capital expenditures for distribution system upgrades. 

For most distribution utilities, identifying areas of the grid with best value for solar plus storage placement remains a challenge, as is quantifying that 
value. Tools and strategies are still evolving on this front.
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REGIONAL POTENTIAL OF COMMUNITY-SCALE SOLAR + 
STORAGE (CSS+)

3.0

Holy Cross Energy has begun to promote storage for both community-scale 
projects and net-metered installations for these reasons:
• HCE has a relatively small distribution area, and therefore a limited ability 

to balance increasing levels of renewable supply and against fluctuating 
levels of energy demand. Storage helps even out the ups and downs of 
supply and demand. 

• HCE could strategically use community-scale interconnected storage 
to reduce its system-wide peak demand, and could thus reduce the 
frequency and extent of costly demand charges paid to its wholesale 
supplier, Xcel Energy. See section 6.5 for further details.

• HCE could also draw power from smaller, behind-the-meter storage units 
owned by customers to further reduce its system-wide peak demand. To 
achieve this flexibility, HCE is incentivizing storage to be paired with new 
net-metered solar installations through its Power Plus program.

3.4.3 Estimating Market Potential for Battery Storage
The technical potential of battery storage is not limited by available space in the same way as solar photovoltaic technology. Storage can be added to 
almost any PV system. 

Assessing the market potential for energy storage is complex because storage can be used for multiple purposes - although not necessarily at the 
same time - to benefit the grid, an individual customer, or the community as a whole, depending on the application. Storage can also be operated by 
electric utilities, charging and discharging from the array or the grid to maintain grid flexibility and balance supply and demand. 

It is important to note that the battery storage potential modelled for this study is just one example of several possible approaches to battery storage 
deployment and capacity. To determine the potential economic benefits of investment in regional community-scale solar plus storage, the project 
team created an example that models one battery storage system on each of the 12 three-phase feeder lines in the Holy Cross Energy distribution 
system. Each of the battery systems was standardized to be a lithium ion battery with 5 MW / 15 MWh of capacity. The 12 systems were then paired 
with the 180 megawatts of CSS+ market potential in Holy Cross territory, as determined in Section 3.4.1. 

No storage was paired with the 52 MW of potential community scale solar capacity in Xcel Energy service territory because Xcel does not yet offer 
programs and incentives that could help overcome the high up-front cost of pairing storage with community scale solar. Adoption of such incentives 
would encourage the deployment of utility operated storage capacity.
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REGIONAL POTENTIAL OF COMMUNITY-SCALE SOLAR + 
STORAGE (CSS+)

3.0
3.5 LOCAL DEVELOPMENT AS A PERCENTAGE OF ACTUAL 

CONSUMPTION
An important reason for this study is to determine how much of the region’s current 
electricity use could be met by developing more community-scale solar plus storage 
projects in the region. Is the potential for offsetting local electricity consumption 
significant enough to make the effort worthwhile? The answer is a definite “Yes.” 

Community-scale solar plus storage, existing and potential, could 
meet 23% of the region’s present annual electricity consumption.
To calculate that percentage, the project team compared usage from the 2019 Regional 
Energy Inventory to the current inventory of existing CSS+ projects and added the 
market potential produced by this study.
• The energy inventory reports that in 2019, homes, buildings and industry in the 

region used nearly 1.86 million megawatt-hours of electricity.
• The energy inventory also reports that at present, 8.4 megawatts of community-

scale solar capacity is interconnected to the regional distribution grid, generating 
an estimated 15,192 megawatt-hours per year. The electricity generated by these 
systems provides less than 1% of the annual electric usage in the region.

• Successful development of all seven parcels currently moving through the local 
approval process, which have up to 31 megawatts of capacity, would offset another 
5% of the region’s electric consumption.

• Full development of the market potential for community-scale solar plus storage 
as identified in this study, including the 31 megawatts in process, would add 232 
megawatts of capacity, producing an estimated 421,544 megawatt-hours per year. 
This level of development, more than 27 times the amount of existing solar plus 
storage in the region, would produce enough electricity to supply 23% of current 
use.

• Together, the region’s existing community-scale solar projects plus the full 
development of market potential could supply about 24% of the region’s electric 
use.

ENERGY EFFICIENCY STRETCHES THE 
IMPACT OF RENEWABLE ENERGY
This study is focused on the development of new 
resources for energy production. However, energy 
efficiency plays a critical role. Reductions in electricity 
consumption achieved through efficiency measures 
will increase the ratio of local energy production to 
usage. 

For example, region-wide efficiency reductions of 
10% from 2019 levels combined with maximum 
solar plus storage development would mean that 
local energy production could meet 33% of local 
consumption.

Enacting energy efficiency measures in homes, 
buildings and industry will be an essential element 
for reaching Colorado’s 100% renewable energy goal. 
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Regional Potential for  
Rooftop Net Metered Solar + 
Storage (NM+)

4.0

While this study primarily focused on the market potential for community-scale solar plus storage and 
the accompanying economic benefits, it is clear that growth in net-metered solar plus storage (NM+) 
systems could substantially add to the technical and market potential for local solar generation. More 
customer-owned NM+ systems would also boost economic benefits and support the utility grid. 

A solar installation in Silt, Garfield County - Dave Reed photo
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It’s important to note that utilities typically sell little to no net energy to net-metered customers on an annual basis. As a result, most of this 
renewable energy generation, which could also be seen as avoided energy demand on the utility system, is not reported in the energy use data 
provided by electric utilities. 

The 24 MW of existing net-metered solar in the region is powering residential and commercial buildings, equal to about 3,650 homes. It is 
clear that NM+ will play an important role in the path to 100% renewable energy. Growth of this market segment should be encouraged and 
incentivized, but in ways that benefit low- and middle-income households. 

To assess the technical potential for added NM+ in the region, the project team chose to use a tool developed by NREL, called State and Local 
Planning for Energy (SLOPE).12 Using SLOPE, the team was able to quantify the technical potential for rooftop solar at the county level. SLOPE does 
not account for utility grid constraints, existing rooftop solar, or utility service territories.

Additional analysis will be needed to quantify the market potential for net-metered PV systems in the region, and to fully understand the 
economic benefits. Battery storage is an essential part of the market potential for net-metered solar, so analysis is also needed to evaluate its role 
and benefits.

REGIONAL POTENTIAL FOR ROOFTOP NET METERED  
SOLAR + STORAGE (NM+)

4.0

TABLE 7. TECHNICAL POTENTIAL OF ROOFTOP NM+ SOLAR PLUS STORAGE, BY COUNTY AND SECTOR

 12. National Renewable Energy Laboratory. “Aggregate Renewable Energy,” State and Local Planning for Energy, accessed 4/8/2021, https://gds.nrel.gov/slope. Methodology: https://app.box.com/s/ 
kedqo0oxo9eugigpvx73rc1hejuxovqr

MEGAWATTS (MW) MEGAWATT-HOURS (MWH) PER YEAR 

GARFIELD COUNTY Residential 66.8 MW 100,240 MWh

Commercial 175.4 MW 263,090 MW

EAGLE COUNTY Residential 38.1 MW 57,190 MWh

Commercial 128.0 MW 192,040 MWh

PITKIN COUNTY Residential 15.8 MW 23,690 MWh

Commercial 63.7 MW 95,610 MWh

TOTAL 487.8 MW 731,860 MWh / year
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Understanding the Regional 
Electricity Market 

5.0

Advancing renewable energy in the region depends on more than finding suitable locations for solar 
projects. Other factors must be considered, such as the region’s patchwork of electric utility service 
territories, technical limits to accessing the local distribution grid, regulatory barriers inhibiting 
development of standalone storage projects, and lack of a regional transmission grid operator or access 
to regional energy markets to serve western Colorado.

Holy Cross Road, Eagle County - Emily Kent photo
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Section 3.0 of this report quantified the region’s potential to develop 
more community-scale solar projects. It started with the broad resource 
potential of the region’s sunny climate, narrowed that to the technical 
potential of land parcels that are suitable for development, and further 
narrowed to the market potential of parcels that overcome regulatory 
and policy barriers. 

This section 5.0 takes a closer look at electric utilities’ service territories 
and renewable energy policies, and at regulatory and policy barriers 
facing community-scale solar plus storage development. While the 
region’s current market potential is limited by these circumstances, it 
could increase in the future as barriers are adjusted or removed. These 
issues must be resolved for the region to reach its renewable energy 
goals and full potential.

UNDERSTANDING THE REGIONAL ELECTRICITY MARKET5.0

• Theoretical Physical 
Potential:  
Solar Irradiance

• Electric Grid Constraints
• Land Use Constraints
• Topographic Constraints
• PV System Inefficiencies

• Economic Competition
• Regulatory Constraints
• Utility Policies
• Utility Programs

• Removal of some 
market barriers to 
capture more technical 
potential capacity

RESOURCE 
POTENTIAL

TECHNICAL 
POTENTIAL

MARKET 
POTENTIAL

MARKET 
POTENTIAL
with Fewer Barriers

FIGURE 11. REGIONAL SOLAR POTENTIAL WITH FEWER MARKET BARRIERS

ADAPTED FROM: National Renewable Energy Laboratory, “Estimating Renewable Energy Economic Potential in the United States: Methodology and Initial Results,” Brown et al, 2016, p.8.
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REGIONAL RETAIL ELECTRIC SERVICE
In Colorado, the investor-owned utilities (IOUs) Xcel Energy and Black Hills Energy, supply electricity to the densely populated areas of the state, 
including much of the Front Range and the Grand Junction area. Outside the service territories of Xcel and Black Hills, electricity is supplied to 
Colorado customers by rural electric cooperatives and municipal utilities. 

In the three-county region, all three types of electric utilities serve customers in developed and remote areas.

UNDERSTANDING THE REGIONAL ELECTRICITY MARKET5.0

FIGURE 12. ELECTRIC UTILITIES SERVING EAGLE, GARFIELD & PITKIN COUNTIES

5.1
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Each of the three types of electric utilities have a different form of 
governance and governmental regulation.

Investor-owned utilities (IOUs) are for-profit corporations governed by 
a board of directors. Both Xcel Energy and Black Hills Energy, the IOUs 
serving electric customers in Colorado, are for-profit, publicly traded 
companies. 

Because IOUs control all segments of the electricity market, including 
generation, transmission, system operation, and wholesale and retail 
sales, they are considered to be a monopoly. 

In order to protect customers, who have no choice of supplier, IOUs 
are regulated by the Colorado Public Utilities Commission (PUC) to 
ensure they serve the public fairly, efficiently, safely and reliably, while 
retaining commercial viability and maintaining utility infrastructure. 
IOUs are also subject to Colorado’s Renewable Energy Standard.

The Colorado PUC requires Xcel Energy to file an Electric Resource Plan 
every four years. This plan describes how the utility will meet future 
customer demand, and the generation resources that best meet that 
demand while ensuring reliability and affordability. Interested parties 
may intervene and comment on the filing. The PUC then issues a ruling 
to determine what the final plan includes.

Rural electric co-ops are not-for-profit entities owned by their 
customers, the co-op members. These members elect a board of 
directors from within their ranks. Co-op boards set rates and determine 
other utility policies and practices, including goals for renewable 
energy. Excess revenues are typically returned to customers as a 
dividend. 

UNDERSTANDING THE REGIONAL ELECTRICITY MARKET5.0
5.1 

(cont’d)

In Colorado, co-ops are governed by the Federal Energy Regulatory 
Commission (FERC), and not by the Colorado PUC. Rural electric co-ops 
are subject to state legislation calling for higher levels of renewable 
energy in their power mix.

Municipal utilities are owned by city governments, and are typically 
governed by the city council or a utilities board. Some generate a portion 
of their own power, while others are wholly dependent on wholesale 
electric contracts. 

City councils and utility staff work together to set rates to cover the costs 
of providing electric service, such as generation and wholesale purchase 
costs, maintenance and expansion of distribution infrastructure, capital 
expenses, debt service and operating costs.
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REGIONAL WHOLESALE ELECTRIC SERVICE
Xcel Energy generates much of its electricity at its own facilities in Colorado and 
other states. These include coal-fired and gas-fired power plants, wind farms and 
large solar arrays. 

The Energy Resource Plan that Xcel Energy filed with the Colorado PUC in 2016 
included 400 MW of new utility-scale solar generation capacity. In a separate 
filing, Xcel stated its intent to develop the 600 MW Rush Creek wind farm, 
which came online in 2018.

Xcel further amended its Resource Plan in 2017, pledging to add capacity to 
its Solar*Rewards incentive programs for rooftop solar on customer-owned 
properties and community solar, and for its own development of utility-scale 
solar.

In 2018, Xcel announced a broad commitment to decarbonize its energy supply. 
The utility set a goal to reduce carbon emissions by 80% by 2030 as compared 
to 2005 levels, and a total elimination of carbon emissions by 2050. 

Xcel is due to file its next quadrennial Energy Resource Plan filing in 2021.

Holy Cross Energy holds a bulk supply contract to purchase electricity from 
Xcel Energy. Currently, around 40% of HCE’s fuel mix is renewable energy. 
This is from renewable energy on the distribution grid and from contracts with 
renewable energy producers in eastern Colorado. 

Holy Cross pledged in 2018 to grow its renewable energy to 70% by 2030. New 
contracts will bring the total to 73%, and negotiations are under way to increase 
the supply to 85%.13 In December 2020, Holy Cross announced a goal of 100% 
carbon-free electricity supply by 2030.

UNDERSTANDING THE REGIONAL ELECTRICITY MARKET5.0
5.2

13. Conversation with Steve Beuning, Vice President for Power Supply, Holy Cross Energy, Feb. 18, 2021.
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(cont’d)
The Municipal Energy Agency of Nebraska (MEAN) is one of four not-for-
profit wholesale electricity supply organizations within the Nebraska Municipal 
Power Pool. All these entities are regulated by the Federal Energy Regulatory 
Commission. The NMPP provides electricity to nearly 200 municipalities in six 
states. It was formed in 1975 by 19 communities working together to achieve 
bargaining strength in the power industry. NMPP created MEAN in 1981 to 
provide cost-based power supply and transmission to 69 communities in 
Colorado, Iowa, Nebraska and Wyoming. 

Glenwood Springs Electric entered into a 10-year contract with the Municipal 
Energy Agency of Nebraska (MEAN) in 2019 to purchase 100% renewable energy 
from MEAN’s wind generation facilities in the Midwest. The municipal utility also 
buys a small share of hydroelectricity from Western Area Power Administration 
hydropower facilities.14

Aspen Electric has provided 100% renewable energy to its customers and for 
city facilities since 2015. It holds a purchase contract with MEAN for wind energy, 
and adds to its portfolio with hydropower from Ruedi Reservoir, Maroon Creek, 
Ridgway Reservoir and WAPA’s hydropower facilities.15

MEAN renewable energy limits: While MEAN provides wind-powered electricity 
to Glenwood Springs and Aspen, it has placed limits in its wholesale power 
contracts on the amount of renewable energy that can be generated by the 
municipal utilities and their customers. 

MEAN’s current policy limits locally-generated renewable energy to no more 
than 5 percent of the municipal utility’s average annual energy use. In addition, 
MEAN’s rate structure includes the capacity of locally generated renewable energy 
in its overall billing for fixed costs. In a reflection of changing attitudes within 
MEAN, in January 2020 the MEAN board set a goal to become a 100% carbon 
neutral power supplier by 2050.16

14. Conversation with Matt Langhorst, City of Glenwood Springs Public Works Director and MEAN board member,Oct. 27, 2020 
15. City of Aspen Utilities, “Aspen’s Path to 100% Renewable Energy,” https://www.cityofaspen.com/DocumentCenter/View/5971/100-Renewable---Updated
16. Municipal Energy Agency of Nebraska, Vision for Carbon Neutrality by 2050, https://www.nmppenergy.org/mean/Carbon%20Neutral%20Vision
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5.3 BARRIERS TO GRID INFRASTRUCTURE ACCESS
Use of the regional energy grid by multiple utilities with different 
operating structures is a longstanding challenge, predating the advent 
of utility-scale renewable energy generation. As renewable energy 
producers develop facilities in optimal locations, their ability to push 
fluctuating levels of electricity onto regional grids faces old and new 
obstacles.

Xcel Energy’s corporate structure allows it to control development of 
generation capacity and transmission infrastructure. This arrangement 
limits access to transmission for smaller utilities, and restricts their ability 
to develop local renewable energy generation capacity.

Critics say the current structure of Xcel and other IOUs pushes these 
utilities to make decisions that benefit shareholders, but may counteract 
the broader public goal of achieving a decarbonized energy supply. Some 
observers suggest that regulators, such as the Colorado PUC, should 
seek new forms of utility regulation that prioritize renewable energy 
development over shareholder profits.

Slow processing of interconnection applications leaves solar developers 
without timely information about Xcel Energy’s distribution grid. Xcel 
requires an interconnection study to be done for each project. This level 
of planning is essential for successful development in locations where 
hosting capacity is limited by inadequate equipment. However, Xcel 
often takes many months to complete these studies. In some cases, 
interconnection applications are rejected, and Xcel provides no further 
information about when substation upgrades could occur.

Lack of joint transmission planning across a larger market region is also 
slowing the transition to clean energy. It’s difficult for grid operators

 and for generation utilities that also own transmission infrastructure to 
determine who should pay for needed regional transmission expansion 
and upgrades.

“Pancaked” transmission charges make purchasing electricity across 
long distances more expensive. Utility-scale renewable energy facilities 
need to be optimally located to maximize productivity, but that can put 
them at great distances from the utilities that wish to buy that clean 
power. The electricity must be “wheeled” across the transmission grid 
on infrastructure managed by several authorities. Each will charge a 
wheeling fee. When wheeling charges are stacked on top of each other, 
they are referred to as “pancaked.” These added costs make purchasing 
the energy from these projects more expensive. 
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5.4 REGULATORY BARRIERS TO STAND-ALONE BATTERY STORAGE
Battery storage allows utilities to store low-cost renewable energy during 
times when energy generation is high and demand is low, and then tap 
into that stored power when demand rises either locally or on the wider 
electric grid. Utilities can use storage to reduce their peak demand  and 
achieve cost savings on peak demand charges in their bulk power supply 
contracts. Two barriers stand in the way of making widespread, utility-
scale battery storage more affordable.

Federal	Investment	Tax	Credit: Co-location of solar generation and 
storage is required for project developers to apply the federal Investment 
Tax Credit (ITC) to the battery storage components of a renewable energy 
project. Under the ITC’s eligibility rules, a battery storage facility must 
be charged directly by a related renewable energy system, and may not 
be charged from the grid. Changing these rules to allow the Investment 
Tax Credit to be used for stand-alone battery storage would make 
investments in storage infrastructure more feasible, especially for rural 
utilities. 

Public Utility Regulatory Policies Act: Managed by the Federal Energy 
Regulatory Commission, the Public Utility Regulatory Policies Act (PURPA) 
is the rulebook governing rural electric cooperatives across the U.S. 

Most rural co-ops hold contracts to purchase a large share of their 

energy supply from large generation and transmission (G&T) utilities. 
Under PURPA rules, these rural utilities are allowed to substitute 
energy supplies from “qualifying facilities” in place of those contracted 
purchases. These swaps give rural utilities the opportunity to offset 
energy (total usage) and capacity (peak demand) costs. 

Battery storage is a relatively new technology and PURPA rules do 
not yet recognize stand-alone battery storage facilities as qualifying 
facilities. Amending PURPA rules to allow stand alone battery storage as 
a qualifying facility would give rural utilities a way to capture renewable 
energy oversupply without being obliged to site storage with solar and 
use it to offset the energy and capacity costs paid to their G&T suppliers. 
Savings from these cost reductions would help make investments in 
battery storage economically attractive. 

Broadening PURPA’s definition of qualifying facilities would also open 
the market for hydro pump-back storage projects. These projects use low-
cost electricity to pump water up into a storage basin, and then release 
it down through turbines at times when electricity needs are greater and 
prices are higher. They can typically store much larger volumes of energy 
compared to battery storage.
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5.5 A REGIONAL TRANSMISSION OPERATOR (RTO) FOR THE 
MOUNTAIN WEST
For Colorado’s electric utilities to maximize use of the state’s rich solar energy 
resources, joining or forming a regional transmission organization or independent 
system operator is essential.

The U.S. electric system consists of three separate interconnections with minimal 
interaction between them. In the Western Interconnection, 37 balancing authorities 
each operate a portion of the grid, balancing supply from power generation facilities 
and demand from customers around the clock. Some of these balancing authorities 
are fully fledged Regional Transmission Operators (RTOs), providing multiple services 
to utilities within a shared power pool. Other areas in the Western Interconnection lack 
RTOs and remain fragmented, including Colorado. 

RTOs are independent organizations that operate electric transmission assets and 
provide wholesale transmission services within a defined, usually a multi-state, 
region. These large grid operators were created to provide regionally administered 
access to high voltage transmission systems.

Without the services of an RTO, Colorado’s grid is too small to balance out supply 
and demand with increased levels of renewable energy. Achieving higher levels of 
renewable energy grid penetration in Colorado will require participation in a power 
pool that can provide a larger geographic area for balancing demand with supply 
across time zones and from a diversity of energy generation resources. Joining an 
RTO will also provide Colorado utilities with access to energy markets that could drive 
investment in new generation resources.

FIGURE 13. THE WESTERN INTERCONNECTION AND CURRENT 
STATUS OF REGIONAL TRANSMISSION OPERATORS

Source: Western Energy Imbalance Market, participant map,  
https://www.westerneim.com/Pages/About/default.aspx  
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5.5 
(cont’d)

Promising advances are occurring today to bring transmission operators into the West’s regional energy market. Rather than creating a new regional 
transmission operator to serve the Mountain West, utilities are looking to the California Independent System Operator and the Arkansas-based 
SouthWest Power Pool to expand their services.

California Independent System Operator (CAISO) is an impartial grid operator serving almost all of California. It offers equal access to the electrical 
grid for California utilities, and provides the opportunity for them to participate in the wholesale power market. CAISO is making changes in its 
governance structure to allow utilities in the Western Energy Imbalance Market (WEIM), such as Xcel Energy, to access its services. This shift will further 
expand Xcel’s opportunities for participation in wholesale energy markets. Xcel Energy is planning to join WEIM and will be integrated by April 2022.

Because Holy Cross Energy is a wholesale customer of Xcel Energy, this move could also open up market possibilities for renewable energy resources 
sited on the Holy Cross grid. Holy Cross would still participate in Xcel Energy’s balancing area, and would be able to deal directly with CAISO for 
“settlement activity,” or compensation for selling energy to the market. Scheduled start-up of this new structure is spring 2022.17

This plays out in a beneficial way for renewable energy development in the three-county area. If a renewable energy project were developed on the 
Holy Cross Energy system, but Holy Cross did not need the energy, the project developer could instead find a buyer in the wholesale market. Holy 
Cross could charge a wheeling fee to export the energy, and use those revenues to offset other costs. The economic viability of such a project remains 
to be seen.

SouthWest Power Pool (SPP) is a regional transmission operator that oversees the electric grid and wholesale power market in the central United 
States, serving a diverse group of utilities and transmission companies in 17 states.

SPP plans to extend transmission services to non-member utilities in the Western Interconnection through the Western Energy Imbalance Service 
Market (WEIS) and began balancing regional generation and load for these new participants in February 2021.18

Utilities looking to join this service area include the Municipal Energy Agency of Nebraska (MEAN), which is the wholesale energy provider to the 
Aspen and Glenwood Springs municipal utilities, as well as Tri-State Generation and Transmission Association, the wholesale energy provider to the 
majority of rural co-ops in Colorado and neighboring states. 

SPP is also considering extending full RTO services to utilities in the Western Interconnection, a move that could ultimately provide access to 
wholesale energy markets and further drive renewable energy project development.19

17. Conversation with Steve Beuning, Vice President for Power Supply, Holy Cross Energy, Feb. 18, 2021.
18. Southwest Power Pool press release, “Southwest Power Pool expands offerings to western utilities with launch of new electricity market, Feb 1, 2021. https://spp.org/newsroom/press-releases/southwest-power-pool-expands-offerings-to-western-

utilities-with-launch-of-new-electricity-market/ 
19. Southwest Power Pool press release, “SPP and stakeholders will consider RTO expansion to the west; study anticipates $49M in annual savings for current and new members,” Nov. 12, 2020. https://spp.org/newsroom/press-releases/spp-and-

stakeholders-will-consider-rto-expansion-to-the-west-study-anticipates-49m-in-annual-savings-for-current-and-new-members/
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A significant amount of renewable energy in the current fuel mix of electric utilities serving the region 
is produced from utility-scale facilities located outside the region. Meanwhile, local residents and policy 
makers are seeking ways to develop more clean energy within the region in order to benefit the local 
economy and support regional businesses and employment.

While utility-scale renewable energy facilities capture economies of scale to generate electricity at 
a low unit cost, the complexities of delivery across the transmission grid add to those costs. Smaller 
community-scale and net-metered solar plus storage systems installed on the local distribution grid 
have higher unit costs, but their proximity to users means the cost of supplying electricity to customers 
is lower. These systems also offer flexibility and resilience to the local distribution grid. Because of these 
factors, all three scales of renewable energy facilities will be needed to meet future electric demand.

This section explores the economic value of developing local community-scale to complement utility-
scale renewable energy.

The Roan Plateau, Garfield County - Ryan Mackley photo
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While rooftop solar also delivers local economic benefits and can 
boost employment per level of investment, the project team did not 
analyze the economic benefits of rooftop in-depth for this report. A 
July 2021 report from four solar advocacy organizations20 calculates 
that $1 million in utility-proposed spending on rooftop solar would 
create 30 times more jobs than $1 million spent on utility-scale solar.

Economic values from developing local distributed solar come from 
four main sources: local employment, energy cost savings, a portion 
of project installation costs, and long-term revenues from operations 
and maintenance, property tax revenues and land leases.

Results of these analyses make a strong economic case for CSS+ 
projects as a complement to utility-scale installations. Local benefits 
can combine to offset the lower unit cost of electricity produced by 
utility-scale projects, delivering a positive net value for local CSS+ 
projects.

The Three-County Solar + Storage study analyzed the economic and 
employment benefits that would result from full implementation of 
the market potential solar plus storage scenario. Economic benefits 
include diversified jobs, reduced energy costs which means funding 
can be directed toward other purposes, and additional sources of 
public revenue. 

This section specifically analyzes the economic benefits to the 
regional economy gained by developing community-scale solar plus 
storage. It breaks down the many cost components of a community-
scale project and determines which tasks and supplies could be 
provided from within the region during the installation phase and for 
ongoing facility operations. 

 20. Institute for Local Self-Reliance, Solar United Neighbors Action, Initiative for Energy Justice and Solar United Neighbors, “The National Impact of 30 Million Solar Homes,” Katie Kienbaum and John Farrell, July 2021.  
https://ilsr.org/wp-content/uploads/2021/07/30MSH-Report-Final-WebRes.pdf

Installation phase benefits include jobs, business growth and sales 
of materials. These values could amount to as much as 21% of overall 
installation costs. Long-term operations benefits include contracts for 
operations and maintenance, property tax revenues and land leases. 

The project team’s analysis in this section makes a reasonable economic 
case for developing community-scale solar projects in the three-county 
region, complementing the renewable energy generated by utility-scale 
facilities and net-metered rooftop arrays. 
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6.1 LOCAL CAPTURE OF PROJECT INSTALLATION COSTS
To identify and quantify the local economic benefits that result from 
developing CSS+ resources on the distribution grid, this economic 
analysis looks at the value chain of an example project from start to 
finish. The project is a 4.5 MW AC ( 5.2 MW DC) array combined with 
a 5 MW / 15 MWh storage system. Project details are proprietary, so 
this study does not identify the project. 

The project team assessed components of project construction and 
operations to identify which components leave the local economy 
and which stay put to support jobs and other local economic activity. 

The project team also drew on the ongoing work of the National 
Renewable Energy Laboratory (NREL) to benchmark the costs of solar 
photovoltaic systems over time. The most recent NREL benchmarking 
report for solar, published in November 2018, is based on costs 
gathered in the first quarter of 2018.21

 21. National Renewable Energy Laboratory (NREL, Fu, Feldman and Margolis, “U.S. Solar Photovoltaic System Cost Benchmark:  
Q1 2018,” Golden, Colo.https://www.nrel.gov/docs/fy19osti/72399.pdf

FIGURE 14. CSS+ PROJECT VALUE CHAIN: IMPLEMENTATION & OPERATION
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6.1.1
The project team analyzed the four main categories in a project 
value chain to implement a CSS+ project -- project planning, 
procurement, site preparation, and construction -- and used the NREL 
solar PV benchmarking study22 to place an estimated dollar value on 
equipment, activity and service components of implementation.

This exercise demonstrated that 45% of a project’s capital investment 
goes toward the purchase of major equipment components, all from 
manufacturers outside the region:
• Solar photovoltaic (PV) panels
• Inverter equipment that converts direct current ( DC) energy 

produced by the solar PV panels into alternating current (AC) for 
the utility grid

• Support structure for the panels, often called “racking”

The project team then determined whether the remaining 
equipment, and other activities or services could be procured 
within the local or regional economy. For this purpose, the regional 
economy included counties adjacent to the three-county region, such 
as Summit, Grand and Mesa counties.

 22.  Ibid.

While a large share of project costs leaves the regional economy, a 
significant share can still be captured through locally-provided services 
and purchase of common materials. These include:
• Geotechnical site analysis and construction surveys
• Design and engineering services
• Earthwork for trenching and grading
• Fencing materials and construction
• Construction labor, such as site grading, trenching, building roads, 

erecting fencing, building panel support foundations and racks, and 
attaching the solar modules.

• Balance of systems components, such as wire and cabling, electrical 
conduit, fasteners and other parts and materials

Using costs from the local CSS+ example project, the project team 
found that 10.8% of the example project’s capital investment was spent 
on goods and services procured within the regional economy. For the 
example project, some of the balance of system components were 
purchased out of state. And while labor is a key part of local spending, 
not all tasks could be subcontracted to local companies, due to a couple 
of different reasons.

Local Capture of Project Installation Costs by Percentage
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6.1.1 
(cont’d)

In the example project, the developers chose an out-of-region 
contractor to drive the racking foundation posts because that work 
requires specialized drilling equipment and trained workers, 
which were not available in the region. In informal talks with solar 
developers, the project team also learned that developers often prefer 
working with the same contractors on multiple projects. Developers 
see working with a known contractor as less risky, outweighing the 
advantages of working with an experienced local contractor even 
when available. 

However, local economic benefits could be nearly doubled by focusing 
on two key aspects of project installation: materials and labor.

Purchasing all balance of systems hardware locally would increase 
the economic benefit from the example project’s 0.46% to a potential 
8.62%. To reach this potential, local permitting authorities or utilities 
would need to adopt policy mechanisms that encourage project 
developers to place a stronger emphasis on local procurement. 

Using more local labor would increase the economic benefit from the 
example project’s 5.64% to a potential 7.82%. This potential relies on 
promoting local opportunities for workforce training, and on building 
capacity among local businesses to be prepared for these projects 
with a trained workforce. Preference policies for local labor can also 
help increase local benefits.

Together, these factors would raise the local economic benefits to 
21.16%, nearly double the level achieved with the example project. 

The potential to double the local capture of project costs from nearly 
11% to 21% represents significant added benefits for the local and 
regional economy. The next section applies these percentages to the 
market potential for CSS+ development in the region to calculate 
dollar amounts.



T H R E E  C O U N T Y  S O L A R  +  S T O R A G E  R E P O R T   |   48 

ECONOMIC IMPACT ANALYSIS OF REGIONAL MARKET  
POTENTIAL FOR CSS+

6.0

6.1.1 
(cont’d)

FIGURE 15. LOCAL CAPTURE OF PROJECT COST PERCENTAGES: 
EXAMPLE PROJECT VS. MAXIMUM POTENTIAL

Example Project: Percentage of total project 
investment from activities and services  
procured from the regional economy.
Local Capture: 10.82%

Maximum Potential: Percentage of total 
project investment if ALL activities and 
services are procured from the regional 
economy.
Local Capture: 21.16%
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6.1.2 Potential Local Capture of Project Installation Costs in Dollars
SOLAR: To determine the potential in dollars for local capture of community-scale solar 
arrays, the project team looked at three cost benchmarking studies conducted by the National 
Renewable Energy Laboratories, the financial advisory firm Lazard, and the U.S. Energy 
Information Agency. Using an average from these studies, the project team calculated that a 5 
MW (DC) community-scale solar project would cost $6.5 million to implement in 2018 dollars, 
or $1.3 million per MW (DC).

Using the market potential of 232 MW AC for solar projects in the region, the project team 
calculated that project costs for full development would total $335 million, assuming that 
equipment, materials and labor costs remain at current levels. If local capture factors were fully 
applied to reach the 21.16% level, full development of the market potential solar would yield 
$70.9 million to the regional economy.

STORAGE: Research on costs of pairing battery storage with solar is limited. No studies were 
available for benchmarking storage costs at the community-scale size. Continuing with the 
model of pairing a 5 MW (DC) array with a 5 MW / 15 MWh storage system, the project team 
relied on informal talks with solar developers to estimate costs for such an example system. 
The cost estimate of $7.1 million includes all hardware and software, associated services and 
preventative maintenance.  

The market potential for storage is limited here to 12 of the example 5 MW / 15 MWh systems 
as the project team chose to model one battery storage system for every three-phase feeder 
on the Holy Cross Energy utility grid. No storage was paired with the 52 MW of potential 
community scale solar capacity in Xcel Energy service territory because Xcel does not yet offer 
programs and incentives that could help overcome the high up-front cost of pairing storage 
with community scale solar. See Section 3.4.3 for details.
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6.1.2 
(cont’d)

TABLE 8. MAXIMUM POTENTIAL FOR LOCAL ECONOMIC BENEFITS OF CSS+ IN IMPLEMENTATION PHASE

INVESTMENT MAXIMUM POTENTIAL FOR 

LOCAL CAPTURE

PERCENT OF TOTAL PROJECT COST 

(NOT ADDITIVE)

EXAMPLE PROJECT

Solar PV 4.5 MW (AC) $6,500,000 $1.38 million 21.16%

Storage (1 unit) 5 MW / 15 MWH $7,100,000 $187,000 2.63%

Solar PV + Storage TOTAL $13.6 million $1.56 million 11.47%

MARKET POTENTIAL 

Solar PV 232 MW (AC) $335 million* $70.9 million 21.16%

Storage (12 units) 5 MW / 15 MWH $85.2 million* $2.24 million 2.63%

Solar PV + Storage TOTAL $420.2 million* $73.14 million 17.4%

* These estimates do not account for decreasing equipment and implementation costs over time.

Building out all 12 modelled battery storage systems would cost $85.2 million, but only a very small amount of this investment could be captured 
by the local economy. Local labor and material sales could be tapped for site engineering, building concrete foundation pads, equipment rental, and 
balance of system hardware. This share tallies less than $200,000 per system, or up to about $2.4 million for the 12 systems.

However, paired storage yields other valuable benefits, such as allowing utilities to balance supply and demand on the grid, offset peak demand 
and reduce peak demand charges from wholesalers, and keeping electric rates stable. 
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6.2.1 Operations & Maintenance
Cost estimates can vary widely depending on which expenses are included. Typical operations and maintenance costs include remote daily 
energy production monitoring and potential troubleshooting, preventive maintenance inspections and site vegetation maintenance. 

To estimate economic benefits of operations and maintenance, the project team assumed the local solar contractor that built the system would 
conduct annual preventative maintenance and a local landscape company would mow the site four times per year. The project team assumed 
that system owners would conduct daily system monitoring and reactive maintenance, such as unscheduled repairs, so these potential revenue 
streams would likely leave the local economy. 

The PV O&M Best Practices Working Group, a multi-agency group, published the results of an operations and maintenance cost survey in 
2018. The working group found that preventive wiring and electrical inspections ranged from $1.40 to $5 per kW AC per year and vegetation 
management costs ranged from $0.05 to $1.80 per kW AC per year.23

To calculate the local capture of operations and maintenance costs, the project team modelled a median cost of $1.85 per kW (AC) per year 
for these services. Full development of the regional market potential solar would yield $1.25 million per year in operations and maintenance 
spending for the regional economy, totalling $37.5 million over a 30-year system life span.

TABLE 9. LOCAL ECONOMIC BENEFITS FROM OPERATIONS & MAINTENANCE

SOLAR GENERATION CAPACITY (AC) SPENDING ON LOCAL SERVICES PER YEAR SPENDING ON LOCAL SERVICES 
OVER 30-YEAR SYSTEM LIFE

Example CSS+ Project 4.5 MW $24,250 $727,500

CSS+ Market Potential 232 MW $1,250,222 $37,506,666

 23. National Renewable Energy Laboratory, Sandia National Laboratory, SunSpec Alliance, and SunShot National Laboratory Multi Year Partnership (2018).  
“Best Practices for Operation and Maintenance of Photovoltaic and Energy Storage Systems,” 3rd edition.https://www.nrel.gov/docs/fy19osti/73822.pdf

6.2 LOCAL CAPTURE OF PROJECT OPERATIONAL COSTS 
Over its operational life of about 30 years, a CSS+ system delivers further value 
that can be captured in the regional economy. These costs for system owners 
include system maintenance, property taxes on equipment, and lease payments to 
landowners. Payments for other operational costs, such as insurance, management 
and administration, will likely go to companies outside the region. 

FIGURE 16. ECONOMIC BENEFITS OF CSS+ DURING 
OPERATIONAL PHASE

• Land Lease
• Property Tax
• Maintenance Labor
• Project Management
• Insurance

OPERATIONS
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6.2.2 Property Taxes
All renewable energy systems in Colorado are subject to property tax unless specifically exempted. With a lifespan of 30 years, community-scale 
solar facilities are a growing source of long-term tax revenues benefitting local governments, schools and special districts.

For several years the Colorado Department of Local Affairs (DOLA) has offered an online calculator that provides the annual property tax amounts 
payable for each year of a system’s lifetime. 

New state legislation, Senate Bill 21-020, adjusts the way combined solar and storage systems are valued, ensuring that they are “assessed for 
valuation for the purpose of property taxation in a similar manner to renewable energy facility property used to generate and deliver electricity.” 
The bill’s changes include:
• Extension of system lifetime to 30 years, compared to the previous 20 years, so depreciation and the related property value is spread over a 

longer period of time.
• Adding the value of battery storage equipment in the assessment of valuation.

In response to this legislation, the Colorado Department of Local Affairs is developing a new tool for assessing property tax payments for solar-
only systems and for solar plus storage systems. 
 
Annual property tax amounts are not expected to significantly change, but payments will be spread over a longer time span, which improves 
overall project economics.

The project team used the pre-2021 methodology to estimate property tax potential for the example CSS+ project and for the CSS+ market 
potential of 232 MW. The added revenues from combined solar and storage will somewhat depend on the size of the facility. In this case the 
project team doubled the property tax payable on the solar array to cover the battery storage equipment since they will both be assessed at a 
similar rate.

TABLE 10. LOCAL ECONOMIC BENEFITS FROM PROPERTY TAX REVENUES

SOLAR PV PLUS STORAGE CAPACITY PROPERTY TAX REVENUE PER YEAR PROPERTY TAX REVENUE OVER 
30-YEAR SYSTEM LIFE

Example Project 4.5 MW (AC) solar PV +
(1) 5 MW / 15 MWh storage

$19,295 $578,850

Market Potential 232 MW (AC) solar PV +
(12) 5 MW / 15 MWH storage

$883,328 $26,499,840
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6.2.3 Land Leases
Lease payments for community solar offer significant, ongoing revenue to the local economy, with average contract terms of 15 to 30 years. 
Project developers typically contract with landowners for a specified per-acre lease rate, with an annual escalation factor that accounts for inflation.
Many factors influence lease rates, including nearby land uses, irrigation, and land prices in the surrounding area. Non-irrigated lands command 
a lower lease rate than irrigated, but may present a substantial gain in income compared to other uses. Average lease rates for non-irrigated land 
in Colorado are estimated to be $1,307 per acre per year.24 For appropriate parcels, leasing land for solar development can be a fairly lucrative 
prospect.

However, four other factors specific to solar energy development may drive lease rates up or down: 
• The overall size of a parcel of land, the portion of the parcel suitable for a solar array, and an abundance or shortage of suitable sites in the 

region
• The comparative cost of electricity from other sources, such as bulk energy supply contracts from wind farms or fossil fuel power stations 

outside the region. 
• Prevailing wholesale and retail rates for electricity. Rates are lower in Colorado than in many other states, so the price for selling solar energy 

to utilities is lower than in other markets. 
• The differential between utility power purchase agreement (PPA) rates and the need for project investors to receive a certain rate of return. 

This may be a narrow gap that pushes land lease values substantially lower than the agricultural value as assessed by USDA.

A survey of solar developers in the three-county region indicated that land lease values vary from $300 to $1,200 per acre per year. To calculate 
the market potential for land lease revenues, the project team used an average land lease rate of $750 per acre per year and an average of six 
acres per megawatt.

TABLE 11. LOCAL ECONOMIC BENEFITS FROM LAND LEASE INCOME

SOLAR PV SYSTEM SIZE TOTAL ACREAGE ANNUAL LAND LEASE INCOME LAND LEASE INCOME OVER 30-YEAR SYSTEM LIFE

Example Project 4.5 MW (AC) 27 $20,250 $607,500

Market Potential 232 MW (AC) 1,392 $1,044,000 $31,320,000

 24. USDA, & National Agricultural Statistics Service (2019). Land Values 2019 Summary p.13 https://www.nass.usda.gov/Publications/Todays_Reports/reports/land0819.pdf 
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EMPLOYMENT & ENERGY SAVINGS ESTIMATES
Local employment opportunities and energy cost savings are added 
benefits of accelerating development of community-scale and net-
metered solar plus storage in the region. 

To estimate these benefits, the project team partnered with Economic 
and Human Dimensions Research Associates (EHDRA), a consulting 
firm with expertise on energy efficiency and clean energy economic 
modeling. EHDRA’s principal, economist John A. “Skip” Laitner, formerly 
the Senior Economist for Technology Policy with the U.S. Environmental 
Protection Agency’s Office of Atmospheric Programs, and also the 
American Council for an Energy-Efficient Economy, pioneered the 
Dynamic Energy Efficiency Policy Evaluation Routine (DEEPER), or the 
DEEPER Modeling System.25 This is essentially a dynamic input-output 
energy modeling tool, benchmarked to the three counties reviewed 
here, and does so in ways which allow for changes in technology costs, 
energy prices, efficiencies, labor productivity and other metrics over 
time. Over the past 30 years, Laitner has used the DEEPER tool for a large 
number of national and international modeling assessments, including 
a number of earlier Colorado studies. Here he used it to produce 
estimates of net employment and energy saving benefits over the 
period 2022 through 2040.

Laitner’s full report, “Estimating the Economic and Employment Impacts 
of the Garfield, Pitkin and Eagle Three-County Solar Plus Storage Study,” 
is provided as Appendix C.

Economic modeling utilizes various assumptions about key factors to 
create an estimate of future economic impacts. It is a means for helping 
to describe the possible outcomes and potential scale of benefits. It is 
not an exact predictor of the future, but rather a tool to help understand 
how various factors will interact to create potential outcomes. Laitner’s 
economic modeling provides a first glimpse of employment and energy 
savings benefits. Additional modeling, with more time and resources, 
could provide more clarity and more details on the scale and range of 
jobs resulting from accelerated community-scale solar plus storage.

Laitner’s analysis assumed that full build-out of the market potential for 
community-scale solar plus storage would occur over a 12-year period. 
His analysis, however, covers a 19-year period in order to model the 
economic benefits of long-term system operations after build-out is 
complete. The 19-year period, from 2022 through 2040, also aligns 
with the state of Colorado’s target period for reaching 100% renewable 
electricity.

The analysis indicated the possibility of achieving regional energy bill 
savings of $19 million per year and a sustained average of 260 jobs 
across the broad regional economy. 
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 25. The Dynamic Energy Efficiency Policy Evaluation Routine (DEEPER), developed by Laitner and now used by the American Council for an Energy-Efficient Economy (ACEEE), is a 15-sector dynamic input-output model of the U.S. economy. The modeling 
system draws on social accounting matrices from the IMPLAN group, energy use data from the U.S. Energy Information Administration’s State Energy Data System (SEDS) and Annual Energy Outlook 2021 (AEO), and employment and labor data from the 
Bureau of Labor Statistics (BLS). It includes a macroeconomic module. http://aceee.org/fact-sheet/deeper-methodology.
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Factors	used	to	arrive	at	these	estimates	include:	
1. Results of the Regional Energy Inventory, which showed $193 million in spending on 

electricity in the region in 2019. 

2. Results of the regional solar potential research, which determined market potential to 
be 232 megawatts of community-scale solar plus 12 units of 5 MW / 5 MWh battery 
storage, with a total development cost of $345.2 million. Modeling assumed costs in 
2018 dollars and diminishing component costs over time.

3. Successful national, regional and local renewable energy efforts, which rely on a variety 
of programs to catalyze, help plan, promote and support accelerated development. 
Modeling assumed program costs of $2 million per year across the region.

4. Significant electricity cost savings for utilities and consumers from investment in 
community-scale solar plus storage. Modeling estimated total savings across the three-
county area at $19 million per year, around 10% of 2019’s electricity spending.

5. Further gains in project affordability from low-cost financing. Modeling assumed 
lower-cost financing would result in stable or lower energy rates, with added benefits 
in employment.

ECONOMIC IMPACT ANALYSIS OF REGIONAL MARKET  
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OTHER ECONOMIC BENEFITS
Reduced demand costs for distribution utilities: Community-scale storage 
can be strategically operated by distribution utilities to supplement energy 
supplies during times of peak demand. Discharging stored energy during 
peak demand reduces the capacity charges that distribution utilities may 
pay to generation utilities under bulk energy supply contracts. To quantify 
potential cost savings, which could be passed on to utility customers, data 
on the length and frequency of peak demand and the capacity of storage 
systems to offset those peaks would be needed. This type of modeling is 
complex, and best handled within the utility environment. 

Deferred infrastructure upgrades: The “locational value” of solar plus 
storage may allow utilities to defer or avoid costly grid upgrades when 
projects are sited in areas of the grid with high energy loads. Mapping 
all feasible CSS+ land sites in the three-county region provides the 
opportunity for utilities to target parcels that can provide this “locational 
value.” However, quantifying these locational values is challenging since 
they may vary as changes occur in distribution grid load demands. NREL 
is developing a tool, called (DG)2, for utilities to identify areas with high 
locational value; it is being tested with one rural electric co-op in eastern 
Colorado.26

Value of resilience: CSS+ on the distribution grid offers a level of energy 
resilience by providing a local supply of electricity when natural disasters or 
other events impact the high voltage transmission lines that supply energy 
to a region. Putting a value on resilience is a complicated proposition, but 
it is widely acknowledged that power black-outs have negative economic 
consequences. See Section 7.2 for further discussion about resilience.
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 26. U.S. Department of Energy, Office of Scientific and Technical Information, “Distributed Generation for Distribution Grids (DG)2,” abstract at: https://www.osti.gov/biblio/1632112, accessed 6/15/21.

OPPORTUNITIES IN PROJECT FINANCING
Community-scale solar plus storage projects are typically 
funded by 20% to 30% in equity investment from project 
owners and the remaining 70% to 80% in debt financing. 

Equity investors benefit from the federal Investment Tax Credit 
for renewable energy, and can potentially earn an annual 
return on investment of 8% to 12%. Interest rates for financing 
depend on the credit worthiness of the project.

Adjusting this funding model may allow a project’s electricity 
to be sold at a lower rate, boosting economic benefits across 
the region. Adjustments could include:

• Building social impact investment funds among qualified 
investors who are willing to accept a lower annual return 
on investment. 

• Mobilizing banks and credit unions within the region to 
provide project financing, possibly with loan underwriting 
from the state or federal government.

• Tapping state-level clean energy funds for low-cost 
financing.

Local banks and credit unions would also be able to reinvest 
interest earnings in other economic activity within the region.
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ECONOMIC BENEFITS SUMMARY
Community-scale solar plus storage projects create a project value 
chain that starts with installation and continues over the life of the 
project. Regions where projects are developed can reap economic 
benefits, especially when local businesses and a trained workforce are 
prepared to work with developers.

In dollars, the installation phase of the full market potential of 232 
MW could deliver a respectable share of economic activity for the 
region of $73 million. Benefits from long-term operations would grow 
over time as more facilities are installed, reaching an estimated $3.2 
million a year once full development is achieved.

A breakdown of installation costs for community-scale solar, using a 
local example project and the ongoing nationwide cost benchmarking 
studies done by NREL, showed where project spending occurs.
• 45% of costs leave the region for major equipment components, 

including solar panels, inverters and “racking” support structure 
materials.

• In the local example project, 10.8% of costs were spent locally 
for technical services, construction labor, fencing materials and 
“balance of system” hardware.

• Local economic benefits could be nearly doubled, to 21%, by 
using more local contractors and purchasing all “balance of 
system” hardware locally.

Battery storage improves local grid reliability and can help rural 
utilities avoid peak demand costs. However, installation of battery 
storage offers a local economic revenue of less than 3% of costs.
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The project team used cost benchmarking studies produced by NREL, 
Lazard and the U.S. Energy Information Agency to calculate total dollar 
estimates for development of the region’s solar plus storage market 
potential, identified in Section 3.0.
• The cost for 232 MW of solar PV would be $335 million.
• The cost for 12 units of 5 MW / 15 MWh battery storage would be 

$85 million. This battery storage amount is not 1:1 with the 232 
MW of solar, but is based on available grid infrastructure in the 
Holy Cross Energy distribution system.

The project team applied the cost breakdown percentages to the dollar 
estimates to calculate how much of installation costs could be captured 
in the regional economy:
• $70.9 million from installation of 232 MW of solar PV.
• $2.2 million from installation of 12 units of 5 MW / 15 MWh 

battery storage.
• Divided over a 12-year installation period, the regional economy 

could gain $6 million per year.

A breakdown of long-term operational costs made dollar estimates 
for three categories where solar plus storage facilities can benefit the 
regional economy over time.
• Operations and maintenance, such as preventive maintenance on 

the equipment and mowing, would be $1.25 million per year.
• Property taxes on equipment would be $883,328 per year.
• Land leases paid to private landowners would be $1.04 million  

per year.
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Sources for operational costs include a 2018 survey by the multi-agency PV O&M Best Practices Working Group, taxation information from the 
Colorado Department of Local Affairs, and land lease figures from the U.S. Department of Agriculture and solar developers working in the region. 

A modeled analysis by Economic and Human Dimensions Research Associates estimates additional economic benefits from energy cost savings and 
local employment opportunities.
• Possible regional energy bill savings of $19 million per year.
• Sustained average of 260 jobs across the broad regional economy. 

Other economic benefits apply directly to electric utilities, such as reduced peak demand costs and deferred infrastructure upgrades. Another 
benefit, increased grid resilience, offers advantages to all electricity users to avoid losses incurred during power blackouts.

Achieving 100% renewable energy in a cost-effective manner with local economic benefits is possible. The most cost-effective path is to combine 
the economies of scale of utility-scale projects with the flexibility and localization of distributed solar plus storage.27
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 27. Vibrant Clean Energy, Local Solar For All, Vote Solar and Coalition for Community Solar Access, “Why Local Solar For All Costs Less,” December 2020, https://www.vibrantcleanenergy.com/wp-content/uploads/2020/12/WhyDERs_ES_Final.pdf
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Additional Benefits of Solar 
Plus Storage Development

7.0

In addition to generating electricity and contributing to the local economy, solar plus storage can 
deliver other value-added benefits, such as reduced greenhouse gas emission and resiliency during 
emergencies. Low-impact solar arrays can also be developed in harmony with agriculture and foster 
habitat for wildlife and pollinators.

Mount Sopris, Pitkin County - Dave Reed photo
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POWER SUPPLY RESILIENCE 
A reliable power supply supports our lives and 
operates essential facilities such as hospitals, 
schools, water plants and traffic systems. As solar 
plus storage systems produce a larger share of 
electricity, communities become more resilient 
during extreme weather, wildfire, flooding, 
earthquakes, accidental damage and other 
emergencies.
 Many essential facilities rely on generators to 
provide power during an outage. However, 
generators require maintenance, and fuel supplies 
can be unreliable in emergencies. With solar plus 
storage, a facility, or a “microgrid” of neighboring 
buildings, can draw on stored backup power 
and continue to generate new power during an 
extended outage.
 Factoring in the value of community resilience 
can make solar plus storage systems more 
economically viable. These systems may not pencil 
out when considering only their break-even points 
or payback periods. Adding the value of resiliency 
in an emergency can make these systems easier to 
justify. 

ADDITIONAL BENEFITS OF SOLAR PLUS STORAGE  
DEVELOPMENT
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7.1

GRID RELIABILITY & GRID RESILIENCE: WHAT’S THE DIFFERENCE? 
Grid reliability is a top expectation for customers. When we plug in to an outlet or 
turn on a switch, we expect the power supply to be there.
 Grid resilience is a long-term effort by utilities, building capacity to quickly restore 
service	after	infrequent	but	highly	damaging	events,	such	as	fires,	floods	or	
earthquakes.
 Utilities plan for grid reliability through:
• Routine maintenance of power distribution infrastructure.
• Maintaining defensible space around substations.
• Building redundancy into grid infrastructure.
• Designing the distribution grid so sections can be isolated, limiting the extent of 

outages caused by equipment failure.
• Monitoring and managing power supply and demand to meet fluctuating 

demands for electricity. 
 Utilities plan for grid resilience through added measures:
• Burying power lines.
• Coordinating with other utilities on inventory of replacement or backup 

equipment.
• Establishing cooperative agreements with neighboring utilities to provide crew 

assistance in response to extreme events.
• Deploying smart grid technologies, such as advanced communication networks 

and sensors and controls on the distribution system, to improve awareness of 
operating conditions.

• Increasing the deployment of distributed generation resources and backup 
energy storage devices and distributing them around the service area.

• Studying and testing technologies to enable “microgrid” operations, so the power 
supply to small areas could continue even if the bulk grid is unavailable.
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REDUCED CARBON & GREENHOUSE GAS EMISSIONS 
The top co-benefit of renewable energy is the reduction of carbon dioxide and other 
greenhouse gas emissions. Electricity use in the three-county region produced 838,000 
metric tons of carbon dioxide-equivalent (CO2e) emissions in 2019. Developing the full 
232 MW of community-scale solar would reduce emissions by about 298,000 metric tons.

Offsetting fossil fuel-generated electricity with clean, renewable energy is essential 
for meeting local greenhouse gas reduction targets. With dedicated efforts to increase 
carbon-free power, the region can help reduce the destructive impacts of escalating 
warming.

ADDITIONAL BENEFITS OF SOLAR PLUS STORAGE  
DEVELOPMENT

7.0

7.2

LOW-IMPACT DEVELOPMENT PRACTICES
To date, most solar farms have been developed with efficiency, not ecology, in mind. 
Typically, sites are cleared of vegetation, graded, covered in gravel, fenced off and sprayed 
with herbicides to prevent weeds. This makes sense for easy maintenance, lower fire risk 
and controlling plants that could shade the solar panels.

With the anticipated growth of ground-mounted solar arrays, these construction practices 
are under scrutiny. The National Renewable Energy Laboratory contends these methods 
cause erosion, loss of carbon sequestration potential and destruction of natural habitat. 

A low-impact approach to solar development can improve soil health, retain water, 
nurture native species, produce food and still provide low-cost clean energy. Practices 
include replanting native vegetation, particularly plants that attract pollinators, and using 
grazing animals to control vegetation. 

At some arrays, operators are growing crops using the shade and water runoff from 
the panels. Maintaining vegetation under solar panels also reduces ground-level heat, 
which increases panel efficiency. More information on this topic can be found at Western 
Colorado Clean Energy Network, http://wccleanenergy.org/landowner-resources/.

7.3
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Action Plan

8.0

The following Action Plan was developed by the project team and presented to stakeholders who had the 
opportunity to provide input and comments. Stakeholders included the Garfield Clean Energy Board of 
Directors (comprising nine government partners), Pitkin County BOCC, Eagle County BOCC, Holy Cross 
Energy, and staff from the National Renewable Energy Lab and RMI.

Piney Lake, Eagle County - Emily Kent photo
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Commitments	to	develop	local	solar	+	storage
A: Adopt a “local renewable energy first” policy and commit to a certain percentage of the total energy 
used by the community or the utility power mix to be generated from locally sited clean energy 
resources.
Local distribution utilities, local governments, businesses

B: Utilize the map, study and resources to inform planning processes (e.g., comprehensive plans, land 
use planning, utility resource plans) to make the region ready for local renewable energy. 
Local governments, local distribution utilities

C: Work together with Municipal Energy Agency of Nebraska (MEAN) to revise contractual clauses that 
disincentivize rooftop solar production in order to allow higher levels of solar generation on municipal 
distribution grids.
Local government and municipal utilities in communities that contract with MEAN for energy services

D: Develop an inventory/checklist of potential opportunities to advance local solar + storage projects 
within each jurisdiction’s boundaries, and establish timelines and budgets for implementation.
Local governments, local distribution utilities, businesses, households

E: Codify rooftop solar or solar + storage as an onsite requirement for new construction where possible.
Local governments, Authorities Having Jurisdiction (AHJs) 

F: Explore and develop code mechanisms to incentivize solar + storage for existing buildings.
Local governments, AHJs

G: Streamline solar + storage permitting and land use review to remove unintentional barriers and 
unnecessary cost.
Local governments, AHJs

ACTION PLAN8.0

1.
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Funding and low-cost financing sources
A: Make low-cost financing sources, grants and rebates easily accessible to every community, our region 
and other rural regions in a sustained, reliable manner.
State government, federal government, utilities

B: Offer time-limited bulk-buy programs to accelerate rooftop solar + storage implementation with a 
focus on expanding access to low- and middle-income (LMI) households. 
Energy nonprofits, local distribution utilities

C: Create financing models that prioritize local funding and ownership of community scale solar 
developments to support regional economic development. 
Nonprofit/advocacy groups, investors and financial institutions, economic development groups

D: Participate in joint approaches to accelerate solar + storage implementation on local government 
facilities to utilize economies of scale to reduce costs.
Local governments, clean energy collaboratives (GCE, CAC, UvRFCAC)

E: Make financing, funding and rebate options equitably accessible and inclusive of diverse communities 
throughout varying utility territories and counties. 
State government, federal government, utilities, policy makers

F: Develop mechanisms to help cover the costs of adding solar + storage in new construction to help 
make sure new structures are built as energy-wise as possible while remaining affordable.
State government, federal government, utilities, policy makers

ACTION PLAN8.0

2.
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Investment	in	regional	expertise	and	capacity	building	to	accelerate	clean	
energy progress
A: Invest in regional expertise and capacity building to accelerate and sustain enduring progress within 
interconnected regions that share a clean energy workforce and utility territories.
State government, local governments, foundations and philanthropists

B: Conduct an analysis of Western Slope supply chains to identify and take action on clean energy 
business and manufacturing opportunities and challenges.
Economic development groups, Colorado Energy Office, OEDIT, Just Transition office

C. Invest in annual data collection on a regional basis to track and guide progress on reaching clean 
energy targets with timely, actionable data.
Local governments, energy groups, climate and clean energy advocates

D. Remember that the overall effort is a marathon, not a sprint – find ways to maintain sustained 
commitment to developing regional knowledge, awareness, community will and widespread 
collaboration needed to reach challenging 100% renewable goals.
Local governments, energy groups, climate and clean energy advocates, foundations

E: Continue/increase investment in programs that implement efficiency measures and reduce demand so 
that existing renewable resources provide a larger percentage of the total. 
State government, local governments, local distribution utilities, energy groups

ACTION PLAN8.0

3.
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Utility	regulatory	and	infrastructure	improvements
A: Identify and prioritize grid improvements needed in the three-county region and secure the needed 
funding to make the improvements.
Local distribution utilities

B: Advocate for, help create and join a regional transmission organization (RTO).
Energy nonprofits and partners, state legislature, Colorado Public Utilities Commission

C: Incentivize the addition of battery storage to net-metered solar PV systems through utility rebate 
programs and other compensation mechanisms.
Local distribution utilities, PUC, energy nonprofits

D: Advocate that FERC update PURPA regulations to include utility-scale storage as a qualifying facility.
Local distribution utilities, local governments

E: Provide education about the importance of infrastructure upgrades and creating an RTO.
Energy nonprofits

Best	land	use	practices	for	solar	+	storage	development
A: Review land use application process and policies to ensure utilization of best practices for solar + 
storage development. 
Local governments

B: Include performance standards in land use permitting by requiring runoff mitigation planning and site 
revegetation.
Local governments

C: Create a scoring system to assess PV sites as pollinator-friendly using a common statewide methodology.
State government

D: Facilitate training opportunities for local government staff to understand PV development best practices, 
and methodologies for review and enforcement of those best practices.
Energy nonprofits

E: Prioritize siting solar + storage on available rooftops wherever possible.
Local governments

ACTION PLAN8.0

4.

5.
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Supportive	tax	policies	and	improved	incentives
A: Advocate for changes to the federal Investment Tax Credit to extend eligibility to standalone storage 
technologies (those not sited with solar).
Federal government, state government, local governments, industry groups, nonprofit/advocacy groups

B: Advance federal legislation that would provide the value of the solar investment tax credit as a cash 
payment to those unable to monetize the tax credit (e.g., LMI households, nonprofits and governmental 
entities).
Federal government, state government, local governments, industry groups, nonprofit/advocacy groups

C: Create incentive structures for solar + storage that are not based around tax credits and are accessible 
to nonprofit organizations.
Federal government, state government

D. Ensure that large-scale solar developments pay annual taxes that can help replace a portion of the 
public revenue generated by fossil fuels without discouraging solar development.
State government

ACTION PLAN8.0

6.
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Expanded	economic	development	support	to	rural	regions	and	 
transition economies
A: To more fully maximize the economic development benefits of meeting the state 100% Renewable Goal, 
provide more assistance to rural regions throughout the state to tap the economic development benefits of 
clean energy with the following actions:
• Provide tools to maximize local solar development on rooftops and land sites.
• Identify, map and accelerate local solar + storage in each region of the state.
• Provide funding including low-cost financing, equitable access to funding sources for rebates and grants 

throughout the state.

B: Increase and strengthen easily accessible expertise at the regional and state agency level to help remove 
barriers and accelerate the use of solar + storage and other renewable technologies.
State government, Colorado Energy Office

C: Focus on equity by providing development incentives to low-income housing and communities that 
incorporate solar + storage.
State government, local governments

D: Focus on equity by providing development incentives to community solar gardens that provide lower-cost 
energy to LMI households.
State government, local governments

E: Support the growth of the clean energy industry with business development grants, technical assistance, 
innovation grants and incubators.
Federal and state governments, local economic development organizations

E. Provide funding and programs to help all regions in getting to 100% renewable energy, realizing that even 
places that have made progress have a long way to go.
Federal and state government, foundations

ACTION PLAN8.0

7.
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Education and training 
A: Provide sustained, reliable funding and support to community colleges and community partners to 
establish/enhance solar + storage comprehensive workforce job training programs, ongoing workshops, and 
professional development opportunities.
State government: workforce training department

B: Create educational apprentice and professional accreditation opportunities for high school and community 
college students interested in working in the renewable energy and related industries. 
Schools, colleges, nonprofits,professional accreditation organizations

C: Ensure that pertinent building professionals (engineers, architects, general contractors, trades, etc.) are 
trained to integrate solar PV + storage systems into traditional building design and construction.
Colorado Energy Office, nonprofits, industry associations, building departments

D: Include energy education in K-12 curriculum to prepare and empower all students (no matter what field 
they go into), to be aware consumers, decision makers on energy issues.
Schools, colleges, Colorado Energy Office

ACTION PLAN8.0

8.
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B
Balancing authority
The responsible entity that integrates utility resource plans and ensures, in real 
time, that the power system demand and supply are finely balanced in order to 
maintain the safe and reliable operation of the power system.

Base load capacity  
The generating equipment normally operated to serve loads on an around-the-clock 
basis.

Base load energy and capacity      
The minimum amount of electric power delivered or required over a given period of 
time at a steady rate.

Beneficial	electrification	
Replacing direct fossil fuel use (e.g., propane, heating oil, gasoline) with electricity 
in a way that reduces overall emissions and energy costs. aka strategic electrification

BioMass
Energy generated or produced by living or once-living organisms. The most 
common biomass materials used for energy are plants, such as corn and soy, above.

British Thermal Units (BTUs)
The quantity of heat required to raise the temperature of 1 pound of liquid water 
by 1 degree Fahrenheit at the temperature at which water has its greatest density 
(approximately 39 degrees Fahrenheit).

Brownfield
A brownfield is a property, the expansion, redevelopment, or reuse of which may 
be complicated by the presence or potential presence of a hazardous substance, 
pollutant, or contaminant.

C
California Independent System Operator (CAISO)
Is an impartial grid operator serving almost all of California. It offers equal access to 
the electrical grid for California utilities, and provides the opportunity for them to 
participate in the wholesale power market. 

Carbon	dioxide	equivalent	(CO2e)
A standard unit for measuring carbon footprints. The idea is to express the impact of 
each different greenhouse gas in terms of the amount of CO2 that would create the 
same amount of warming.

Carbon intensity
The amount of carbon by weight emitted per unit of energy consumed. A common 
measure of carbon intensity is weight of carbon per British thermal unit (Btu) of 
energy. When there is only one fossil fuel under consideration, the carbon intensity 
and the emissions coefficient are identical. When there are several fuels, carbon 
intensity is based on their combined emissions coefficients weighted by their 
energy consumption levels.

Colorado Public Utilities Commission (PUC).
An agency within the Colorado Department of Regulatory Agencies which oversees 
investor-owned utilities (IOUs) to ensure they serve the public fairly, efficiently, 
safely and reliably, while retaining commercial viability and maintaining utility 
infrastructure.

Community-scale solar
Community-scale solar is typically 1 MW to 15 MW in size, built on parcels of 5 to 
75 acres, and connected to the distribution grid. These projects sometimes enroll 
subscribers that purchase power from the project to offset grid use elsewhere.
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D
Demand charge
The portion of the consumer’s bill for electric service based on the consumer’s 
maximum electric capacity usage and calculated based on the billing demand 
charges under the applicable rate schedule.

Demand	flexibility
Demand flexibility uses communication and control technology to shift electricity 
use across hours of the day while delivering end-use services (e.g., air conditioning, 
domestic hot water, electric vehicle charging) at the same or better quality but lower 
cost. 

Dispatchable
A dispatchable source of electricity refers to an electrical power system, such as a 
power plant, that can be turned on or off; in other words they can adjust their power 
output supplied to the electrical grid on demand.

Distributed Energy Resources (DERs)
A variety of small, modular power-generating technologies that can be combined 
with energy management and storage systems and used to improve the operation 
of the electricity delivery system, whether or not those technologies are connected 
to an electricity grid.

E 
Economies of scale 
In microeconomics, economies of scale are the cost advantages that enterprises 
obtain due to their scale of operation (typically measured by the amount of output 
produced), with cost per unit of output decreasing which causes scale increasing. At 
the basis of economies of scale there may be technical, statistical, organizational or 
related factors to the degree of market control.

Electric co-op
A cooperative utility tasked with the delivery of electricity to its members. Profits 

Appendix A: Glossary
are either reinvested for infrastructure or distributed to members in the form of 
“patronage” or “capital credits”, which are dividends paid on a member’s investment 
in the cooperative.

Energy market
Energy markets are commodity markets that deal specifically with the trade and 
supply of energy. Energy market may refer to an electricity market but can also refer 
to other sources of energy.

G
Geographic Information System (GIS) mapping
A geographic information system (GIS) is a system designed to capture, store, 
manipulate, analyze, manage, and present all types of geographical data. The key 
word to this technology is Geography – this means that some portion of the data is 
spatial.

Global Horizontal Irradiance (GHI)
Global Horizontal Irradiance (GHI) is the total amount of shortwave radiation 
received from above by a surface horizontal to the ground. This value is of particular 
interest to photovoltaic installations and includes both Direct Normal Irradiance 
(DNI) and Diffuse Horizontal Irradiance (DIF). 

Green	field
An undeveloped piece of land where there is no need to work within the constraints 
of existing buildings or infrastructure.

Greenhouse gases
Those gases, such as water vapor, carbon dioxide, nitrous oxide, methane, 
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulfur hexafluoride, 
that are transparent to solar (short-wave) radiation but opaque to long-wave 
(infrared) radiation, thus preventing long-wave radiant energy from leaving Earth’s 
atmosphere. The net effect is a trapping of absorbed radiation and a tendency to 
warm the planet’s surface.
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Grid	flexibility
The capability of a power system to maintain balance between generation and 
load, resulting in increased grid efficiency, resiliency and the integration of variable 
renewables into the grid.

Grid interconnection 
The linkage of transmission lines between two utilities, enabling power to be 
moved in either direction. Interconnections allow the utilities to help contain costs 
while enhancing system reliability.

Grid resilience
The electric grids ability to minimize the consequences of extreme weather or 
malicious physical or cyber-attacks and quickly restore power.

I
Imbalance
The real-time change in generation output or demand requested by the 
independent system operator (ISO) to maintain reliability of the ISO-controlled 
grid. Sources of imbalance energy include regulation, spinning and non-spinning 
reserves, replacement reserve, and energy from other generating units that are able 
to respond to the ISO’s request for more or less energy.

Intergovernmental	Panel	on	Climate	Change	(IPCC)
Established in 1988 by the World Meteorological Organization and the UN 
Environment Program, the IPCC surveys world-wide scientific and technical 
literature and publishes assessment reports that are widely recognized as the most 
credible existing sources of information on climate change. The IPCC also works on 
methodologies and responds to specific requests from the Convention’s subsidiary 
bodies. The IPCC is independent of the Convention.

Intermittent resource
An electric generating plant with output controlled by the natural variability of the 
energy resource rather than dispatched based on system requirements. Intermittent 

output usually results from the direct, non-stored conversion of naturally occurring 
energy fluxes such as solar energy, wind energy, or the energy of free-flowing rivers 
(that is, run-of-river hydroelectricity).

Investor-Owned	Utilities	(IOUs)
For-profit, publicly traded utilities owned by corporations and governed by a board 
of directors. Both Xcel Energy and Black Hills Energy are IOUS and serve electric 
customers in Colorado.

L
Land lease
A contract entered into with a landowner for the use of their land for a specified 
time and rental rate. A land lease is the most common structure for establishing site 
control for a Community Scale Solar development.

Levelized	cost	of	energy
The present value of the total cost of building and operating a generating plant over 
its economic life, converted to equal annual payments. Costs are levelized in real 
dollars (i.e., adjusted to remove the impact of inflation).

LIDAR
Lidar is an acronym for “light detection and ranging.” It is sometimes called “laser 
scanning” or “3D scanning.” The technology uses eye-safe laser beams to create a 
3D representation of the surveyed environment.

Low-impact	solar	development
Solar development practices that improve soil health, retain water, nurture native 
species, produce food, and still provide low-cost energy to communities.

M 
Microgrid
A combination of localized electricity generation sources, energy storage devices, 
and multiple loads that acts as a small electric grid with respect to the main electric
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grid. The microgrid can operate interconnected or isolated from the main electric 
grid (islanding). In this way, microgrids improve the security of supply within the 
microgrid cell, and can supply emergency power, changing between island and 
connected modes.

Mine Methane
Methane gas released from mining activities.

Municipal Energy Agency of Nebraska (MEAN)
The not-for-profit wholesale electricity supply organization of NMPP Energy. Created 
in 1981, MEAN provides cost-based power supply, transmission and related services 
to 69 participating communities in four states: Colorado, Iowa, Nebraska and 
Wyoming.

Municipal utilities
Utilities owned by city governments typically governed by the city council or a 
utilities board.

N
Net-Metered (NM) systems
A meter configuration that allows residential and commercial customers who 
generate their own electricity from solar power to sell the electricity they aren’t 
using back into the grid. Many states have passed net-metering laws. In other 
states, utilities may offer net-metering programs voluntarily or as a result of 
regulatory decisions. 

P
Pancaked transmission charges 
Paying multiple charges to more than one utility to move (wheel) electric power 
across bulk-power systems (also called pancaked rates).

Peak demand
The maximum load during a specified period of time.

Planned	Unit	Development	(PUD)
A type of building development and also a regulatory process. As a building 
development, it is a designed grouping of both varied and compatible land uses, 
such as housing, recreation, commercial centers, and industrial parks, all within one 
contained development or subdivision.

Power pool
An association of two or more interconnected electric systems having an agreement 
to coordinate operations and planning for improved reliability and efficiencies.

Power Purchase Agreement (PPA)
A legal contract between an electricity generator (provider) and a power purchaser 
(host). The power purchaser purchases energy, and sometimes also capacity and/
or ancillary services, from the electricity generator. Such agreements play a key role 
in the financing of independently owned (i.e., not owned by a utility) electricity 
generating assets.

Pumped hydroelectric storage
During off-peak times, excess power is used to pump water to a reservoir. During 
peak times, the reservoir releases water to operate hydroelectric generators.

PURPA
Public Utility Regulatory Policies Act (PURPA) of 1978: One part of the National 
Energy Act, PURPA contains measures designed to encourage the conservation of 
energy, more efficient use of resources, and equitable rates. Principal among these 
were suggested retail rate reforms and new incentives for production of electricity 
by co-generators and users of renewable resources. The Commission has primary 
authority for implementing several key PURPA programs.

R
Regional Transmission Operator (RTO) 
Independent organizations that operate electric transmission assets and provide 
wholesale transmission services within a defined, usually a multi-state, region. 
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These large grid operators were created to provide regionally administered access 
to high voltage transmission systems. An RTO can be for-profit companies or 
non-for-profit organizations and are regulated by the Federal Energy Regulatory 
Commission (FERC).

S
Shortwave	radiation	
Shortwave radiation (SW) is radiant energy with wavelengths in the visible (VIS), 
near-ultraviolet (UV), and near-infrared (NIR) spectra.

SLOPE Tool  
The State and Local Planning for Energy (SLOPE) tool provides energy consumption, 
efficiency, and renewable energy generation data. Developed through a 
collaboration between the U.S. Department of Energy (DOE) and NREL, it supports 
more data-driven state and local energy planning in one easy-to-access online 
platform.

Solar gardens
Solar Gardens (sometimes referred to as Community Solar Gardens) are centrally 
located solar photovoltaic (PV) systems that provide electricity to participating 
subscribers.

Solar insolation data
See: Solar irradiance.

Solar irradiance
Solar irradiance is the power per unit area received from the Sun in the form of 
electromagnetic radiation as measured in the wavelength range of the measuring 
instrument. The solar irradiance is measured in watt per square meter (W/m2) in SI 
units. Solar irradiance is often integrated over a given time period in order to report 
the radiant energy emitted into the surrounding environment (joule per square 
meter, J/m2) during that time period. This integrated solar irradiance is called solar 
irradiation, solar exposure, solar insolation, or insolation.

Solar*Rewards program
Xcel Energy’s incentive program rooftop solar on customer-owned properties, to its 
Solar*Rewards Community incentive program for community solar gardens, and for 
its own development of utility-scale solar generation.

U
Utility-Scale Solar
Utility-scale solar is typically 15 MW or more in size, covering 75 or more acres and 
connected directly to regional transmission lines. If the array is not owned by the 
utility, its power is sold directly to a utility.

W
Western Energy Imbalance Market (EIM)
A real-time advanced market system that automatically finds low-cost energy to 
serve real-time consumer demand across the west. Since its launch in 2014, the EIM 
has enhanced grid reliability and generated cost savings for its participants. Besides 
its economic advantages, the EIM improves the integration of renewable energy, 
which leads to a cleaner, greener grid.

Western Interconnection
A wide area synchronous grid and one of the two major alternating current (AC) 
power grids in the continental U.S. power transmission grid. The other major 
wide area synchronous grid is the Eastern Interconnection. The three minor 
interconnections are the Québec Interconnection, the Texas Interconnection, and the 
Alaska Interconnection.

Wheeling
The transmission of electricity by an entity that does not own or directly use the 
power it is transmitting. Wholesale wheeling is used to indicate bulk transactions in 
the wholesale market, whereas retail wheeling allows power producers direct access 
to retail customers. This term is often used colloquially as meaning transmission.

Wheeling fee
The fee associated with wheeling is referred to as a “wheeling charge.” This is an 
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amount in $/MWh which the transmission owner recovers for the use of its system. 
If the resource entity must go through multiple transmission owners, it may be 
charged a wheeling charge for each one.

Wholesale	electric	service
The purchase and sale of electricity from generators to resellers (retailers), along 
with the ancillary services needed to maintain reliability and power quality at the 
transmission level.

Wind energy 
The use of wind to provide mechanical power through wind turbines to turn electric 
generators for electrical power. Wind power is a popular sustainable, renewable 
energy source that has a much smaller impact on the environment compared to 
burning fossil fuels.

Wind farms
A wind farm or wind park, also called a wind power station or wind power plan is a 
group of wind turbines in the same location used to produce electricity.
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Regional Energy Inventory
2019 data for Eagle, Garfield and Pitkin counties, Colorado

KEY FINDINGS
Regional energy use by buildings and industry  
• Electricity: 1.86 billion kilowatt-hours (kWh) 

• Natural gas: 119.5 million therms 

Regional spending on energy for buildings and industry 
•Electricity: $193 million 

• Natural gas: $72 million 

• Total: $265 million combined electricity and natural gas 

Carbon emissions in carbon dioxide equivalent (CO2e) 
• Electricity: 848,360 metric tons CO2e 

• Natural gas: 639,122 metric tons CO2e 

• Total: 1,487,482 metric tons CO2e 

Solar capacity (2020) 
• Existing installed community-scale: 8.4 megawatts 

• Existing installed net-metered: 24.1 megawatts 

2.1 Introduction 
To learn how much of the electricity used in the three-county region 
could be produced locally, the project team conducted an inventory 
of 2019 energy use in Eagle, Garfield and Pitkin counties. The 
inventory compiled energy use in buildings and industry for 
electricity and for natural gas, using data from energy utilities 
serving the region. 
This 2019 data sets regional baselines for energy use, types of 
energy fuels, types of users, energy costs and resulting greenhouse 
gas (GHG) emissions. 
Taking a regional look at energy use allows us to: 

• Identify anomalies in energy use and cost. 

• Simplify data collection efforts for towns and cities in the 
region. 

• Design energy policies in the context of regional 
opportunities and challenges.  

Because of the difficulty in gathering localized data, the inventory 
does not measure: 

• Transportation energy use from vehicles or aviation. 

• Emissions from sources such as agriculture, landfills, cement 
manufacturing and dispersed use of propane. 

• Per-capita energy usage, due to the prevalence of residences 
not occupied full-time.1 

State law prohibits utilities from releasing energy usage data from 
single, identifiable users. To account for this use, the inventory uses 
proxy usage and cost numbers. Refer to Methods section 2.9, for an 
explanation of how proxy energy usage was calculated.

1 The region’s thriving tourism and recreation industry attracts thousands of part-time 
residents. Energy usage patterns are different for residences occupied full-time 
compared to those occupied part-time. The rate of residences occupied part-time is 
39% in Pitkin County, 38% in Eagle County and 10% in Garfield County.

2.2 Regional Demographics 
Located on Colorado’s Western Slope, the economy driving the three-
county region is a mix of agriculture, ski and summer resorts, and 
natural gas production. 
Each county is home to several municipalities, along with suburban 
development in surrounding unincorporated areas.  
 
Figure 1. Population distribution by community for Eagle, Garfield and 
Pitkin counties, 2019

(Note: incorporated town of Basalt straddles the Eagle-Pitkin county line)

Published July 2021

Three-county region total 
132,955 

Eagle Co. 
55,127

Garfield Co. 
60,061

Pitkin Co. 
17,767
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2.3 Regional Energy Baselines 

2.3.1 Energy Utility Service Territories 
Understanding energy use and conducting energy inventories in the 
three-county region is complicated by the multiple utilities and the 
division of their service territories.

Electric utilities: 7 
Xcel Energy 
Holy Cross Energy 
Aspen Municipal Utility 
Glenwood Springs Electric 
Grand Valley Power 
Yampa Valley Energy  

Natural gas utilities: 2 
Xcel Energy 
Black Hills Energy 
 

Figure 2: Electric utilities service territories

2.3.2 Electric Utilities:  
Customers and Kilowatt-Hours 
There are 67,885 residential customers and 15,766 commercial 
customers in the region. Xcel Energy and Holy Cross Energy are the 
dominant providers of electricity in the region, serving 90% of 
residential customers and 85% of commercial customers. 

Electric utility Total customers Megawatt-hours sold
Holy Cross Energy 57,727 1,217,484
Xcel Energy 16,626 441,560
Glenwood Springs Electric 6,195 131,331
Aspen Municipal Utility 3,057 68,302
Yampa Valley Energy Not provided 2,927
Grand Valley Power 46 518
TOTAL 83,651  1,859,590

Natural gas utility Total customers Therms sold
Black Hills Energy  40,249 70,810,198
Xcel Energy 18,388 48,715,842
TOTAL 58,637 119,526,040

Figure 3:  Megawatt-hours supplied by electric utility, 2019

2.3.3 Natural Gas Utilities:  
Customers and Therms 
There are 50,659 residential customers and 7,987 commercial 
customers in the region. Black Hills Energy is the dominant provider 
of natural gas in the region, serving 68% of residential customers 
and 75% of commercial customers.

Figure 4: Therms supplied by natural gas utility, 2019

2.4 Merging Electricity and Natural Gas into BTUs 
British Thermal Units (BTUs) is a measure of heat content and a way 
of converting energy sources and fuels into a common unit. 
Converting kilowatt-hours of electricity and therms of natural gas to 
BTUs provides an overall picture of energy use in buildings and 
industry. One million BTUs is abbreviated as mmBtu.  
• One therm of natural gas equals 100,000 BTUs 
• One kilowatt-hour of electricity equals 3,412 BTUs

Table 1: Electric utility customers and electricity provided in 2019 Table 2: Natural gas utility customers and therms provided in 2019 
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2.5 Regional Energy Usage 
In 2019, buildings and industry in the region used: 
• Electricity: 1.86 billion kilowatt-hours or 6,346,000 mmBTUs 

• Natural gas: 119.5 million therms or 11,952,000 mmBTUs.     

• Combined total in BTUs: 18,258,118 mmBTUs 

Figure 5: Regional energy use by fuel type  
and by utility in mmBTUs, 2019

Figure 6: Electricity in megawatt-hours 
used by county and by sector, 2019

Figure 7: Natural gas in therms used  
by county and by sector, 2019

In 2019, utility customers in Garfield, Eagle and Pitkin counties 
spent $193 million for electricity and $72 million for natural gas, for 
an estimated total of $265 million. Half of all energy sales were by 
Holy Cross Energy. 
While electricity accounted for 35% of regional energy use (Figure 
5), it accounted for 73% of regional energy spending. 

By county, energy costs totaled $114 million in Eagle County,  
$84 million in Garfield County and $66 million in Pitkin County.  
In Garfield County, energy costs for commercial customers totaled 
more than residential customers. In Eagle and Pitkin counties, 
residential totals were higher than commercial.

2.6 Regional Energy Costs 

Figure 8: Regional energy cost by utility  
in millions of US dollars, 2019

Figure 9: Regional energy cost by county and by sector  
in millions of US dollars, 2019
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2.7 Regional Solar Inventory 
 

2.7.1 Net-Metered Solar Systems 

The three-county region has been a leader in the state and country 
for more than 20 years in creating programs and policies that 
encourage installation of net-metered solar systems. 
 
Table 3. Net-metered solar capacity in the region, by utility, 2020

Generating capacity 
in kilowatts (kW) 

Est. generation per year 
in megawatt-hours (MWh)

Holy Cross Energy 16,740 kW 25,110 MWh
Xcel Energy 6,458 kW 9,687 MWh
Glenwood Springs 936 kW 1,404 MWh
TOTAL 24,134 kW 36,201 MWh

2.7.2 Utility-Scale and Community-Scale Solar  
Utilities add larger quantities of solar energy to their fuel mix 
through utility-scale and community-scale solar arrays. These are 
typically built by a private developer, with the produced energy or 
the array itself sold to utilities through a power-purchase agreement. 
Arrays may also be built and owned by the utility itself. 
Utility-scale solar is typically 15 MW or more in size, covering 75 or 

more acres and connected directly to regional transmission lines. If 
the array is not owned by the utility, its power is sold directly to a 
utility. There are currently no utility-scale solar arrays in the three-
county region. Xcel Energy and Holy Cross Energy buy renewable 
electricity under contracts with utility-scale arrays located elsewhere. 
Community-scale solar is typically 1 MW to 15 MW in size, built on 
parcels of 5 to 75 acres, and connected to the distribution grid. These 
projects often enroll subscribers that purchase power from the 
project to offset grid use elsewhere.  
The six community-scale solar projects in the region are included in 
the fuel mix reported by Xcel and Holy Cross. These make up 0.8% of 
total usage in the three-county region. Currently, most subscribers of 
the six community-scale solar projects in the region are local 
governments and large commercial customers using 20-year 
purchase contracts. 
Under state law, 5% of the capacity from community-scale solar 
projects is required to provide energy for low-income household 
customers. Some community scale solar projects are dedicated 
entirely to low-income subscribers. 
In this region, Xcel and Holy Cross each have an array dedicated for 
low-income customers. Xcel’s array is 100 kW, and the Holy Cross 
array is 145 kW. A developer is currently building another dedicated 
array of 750 kW for Xcel Energy. Grand Valley Power has a 29 kW 
community array on its grid dedicated to serve some of its low-
income customers, who are all in Mesa County.

Solar  
arrays

Generating  
capacity  

in kilowatts (kW)

Est. generation  
 per year  

megawatt-hours (MWh)

EXISTING

Holy Cross Energy 4 6,440 kW 11,592 MWh

Xcel Energy 2 2,000 kW 3,600 MWh

Existing subtotal 6 8.4 MW 15,192 MWh

IN PROCESS

Holy Cross Energy 3 24.5 MW 44,516 MWh

Xcel Energy 4 6.75 MW 12,265 MWh

In process subtotal 7 31.25 MW 56,781 MWh

TOTAL 13 39.65 MW 71,973 MWh

Net-metered systems refer to the solar that is installed on rooftops or 
adjacent land and provide electricity to the building or facility that is 
on that site.  
Systems can be sized to provide up to 120% of the energy used on 
that site, but the actual percentage varies greatly.  
Net-metered systems use energy produced by the on-site solar 
during the day, and may draw electricity from the grid at night or 
when under snow cover. These systems use meters that spin forward 
and backward.  
Utilities measure the net energy use, hence the “net metering” 
description. Utilities typically sell little to no net energy to net-
metered customers.  
Therefore, most of these systems and the renewable energy they 
produce are not reported in the fuel mix offered by electric utilities. 
The only systems reported in a utility fuel mix are those enrolled in 
Xcel Energy’s Solar*Rewards program.

Table 4. Community-scale solar arrays and capacity in the region,  
by utility, existing and in process
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2.8 Carbon Emissions  

2.8.1 Fuel Mix 

Calculating carbon emissions produced from energy used in buildings depends on 
carbon intensity of electricity and natural gas used. 
 All natural gas has the same carbon intensity when it is burned. The carbon 
intensity of electricity varies by utility, based on its fuel mix, which can include 
coal, natural gas, wind, hydropower and solar.  
The region's electric utilities use a range of fuel mixes.  
Through wholesale contracts, Aspen Municipal Utility and Glenwood Springs 
Electric provide 100% renewable energy powered by wind farms and a small 
amount of hydroelectricity.  
Xcel Energy and Holy Cross Energy generate electricity from a variety of fossil and 
renewable sources. Wind energy is currently the dominant source of renewable 
energy used by these two utilities.  
Grand Valley Power, an electric co-op serving far western Garfield County (along 
with rural areas in Mesa County), does not release its fuel mix or carbon intensity. 
The co-op does have distributed solar and community solar gardens on its grid. 

2.8.2 Carbon Dioxide Equivalent (CO2e) 
Carbon dioxide equivalent is a common measurement for carbon emissions. 
Extracting and burning fossil fuels releases multiple types of greenhouse gases, 
including carbon, methane, and nitrogen oxide. Each of these gases have different 
carbon densities.  
Using carbon dioxide equivalent (CO2e) is a way to compare emissions from various 
sources using the same metric. Regional emissions are calculated in this report as CO2e. 

2.8.3 Regional Emissions 
Based on the amount of energy used in buildings and industry, and factoring in the 
fuel mix of the two large electric utilities, this inventory estimates the three-county 
region produced 1.56 million metric tons of CO2e in 2019.  
Emissions from electricity made up slightly more than half of emissions, at 54%, 
while emissions from natural gas were 46%.

BioMass: Generating electricity by burning woody 
materials. A 12 mW biomass plant located in Gypsum, Eagle 
County, provides power to Holy Cross Energy.  
Mine Methane: Generating electricity by burning methane 
captured from an underground coal mine. Holy Cross 
partnered with other entities to develop a 3 mW mine 
methane project in Somerset, Gunnison County.

Figure 11: Xcel Energy electricity fuel mix, 2019 Figure 12: Aspen Municipal Utility 
electricity fuel mix, 2019

Figure 13: Glenwood Springs Electric 
electricity fuel mix, 2019

Figure 10: Holy Cross Energy electricity fuel mix, 2019

Figure 14: Regional emissions by utility in metric tons 
of CO2e, 2019

* Glenwood Springs Electric and Aspen Utility purchase 
100% renewable energy. Their CO2e emissions are 0%.
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2.8.4 County-Level Emissions 

Looking at CO2e emissions in the region by county, we see a split similar to that 
in energy usage in BTUs (see Figure 6).  
Eagle County energy use produced 50% of emissions, while Garfield County 
produced 28% and Pitkin County produced 22% of emissions.  
The commercial sector produced a greater share of emissions in Eagle and 
Garfield counties, while the residential sector produced a greater share in Pitkin 
County. 
Eagle County’s emissions and energy usage as reported are about equal to Pitkin 
and Garfield counties combined. This is likely due to a larger number of lodging 
and residential units in Eagle County.  
It’s also important to note that energy use in Garfield County includes proxy 
estimates for four large energy users (see Section 2.9), and may not be fully 
accounted for.

Figure 15: Regional CO2e emissions by county  
and by sector in metric tons, 2019 

Figure 16: Eagle County CO2e emissions,  
2019: 730,467 metric tons

Figure 17: Garfield County CO2e emissions, 
2019: 417,058 metric tons

Figure 18: Pitkin County CO2e emissions, 
2019: 329,623 metric tons

2.8.5 Community-Level Emissions 
Energy use and carbon emissions in the 
region are higher in Eagle and Garfield 
counties compared to Pitkin County.  
Eagle and Garfield have larger populations 
and more energy-intensive industries. 
Emissions in Vail and unincorporated Eagle 
County are tied to ski resorts, including lifts, 
snowmaking and on-mountain facilities, and 
to extensive lodging facilities. 
Emissions in unincorporated Garfield County 
are tied to residential use and to the oil and 
gas industry, including pipeline compressor 
stations.

Figure 19: Emissions by community and sector in metric tons of CO2e, 2019

Top dark colors are commercial emissions 
Bottom lighter colors are residential emissions
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2.9 Methods 
 
This energy inventory specifically measures energy use in buildings 
and industry, sometimes referred to as the “built environment.” The 
U.S. Energy Information Administration estimates that in Colorado, 
buildings account for 70.3% of all energy use. Energy usage is 
divided by residential and commercial customers.  
Demographic data is from the U.S. Census Bureau 2014-2019 
American Community Survey, five-year estimates.  
Energy usage and cost data was collected from data teams at the 
seven electricity and natural gas utilities that serve the region.   
Emission levels were calculated using utility data and the 
associated carbon density factors.  
Propane is used in some rural areas of the region, but was not 
measured in this inventory. Propane accounts for a small share of 
energy use in this region, sales occur irregularly, and by numerous 
vendors. Tracking this small increment of energy usage is beyond 
the scope of this inventory.  
Proxy energy was calculated to account for certain very large energy 
users. Colorado law prevents utilities from releasing energy data for 
customers that use more than 15% of the total amount within a 
requested area. Xcel Energy noted three such commercial electricity 
customers in Garfield County and one in Eagle County.  
To account for energy usage by these excluded customers, we added 
in proxy usage and cost numbers. Although they are likely an 
underestimation, the proxy number for each excluded customer is 
equal to 15% of the total provided electricity usage and cost 
numbers for the requested area. These four excluded customers 
were assumed to be located in unincorporated Eagle and Garfield 
counties. 
Energy data for Redcliff commercial customers was also excluded 
because the customer count in the town’s commercial sector did not 
meet the minimum threshold for Xcel Energy to release any data. 
Xcel withheld data for 17 commercial electrical customers and nine 
commercial natural gas customers. To create a proxy number, we 
used Redcliff’s commercial energy use from the Eagle County energy 
inventories of 2014 and 2017. 
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What	is	the	purpose	of	this	report?	
This	economic	assessment	 reviews	 the	economic	and	employment	 impacts	of	a	 significant	 increase	 in	
the	deployment	of	solar	photovoltaic	technologies	within	the	three-county	region	of	Eagle,	Garfield,	and	
Pitkin	 Counties	 in	 Colorado	 over	 the	 next	 18	 years.	 The	 scenarios	 reflect	 what	 are	 referred	 to	 as	
“business-as-usual”	 economic	 patterns	 and	 aggregate	 electricity	 expenditures,	 and	 how	 the	 regional	
economy	might	benefit	from	the	accelerated	development	of	local	solar	resources	as	recommended	in	
the	2021	Garfield,	Pitkin,	and	Eagle	3-County	Solar	and	Storage	Study	through	the	year	2040.		

What	methodology	was	used?	
Two	primary	 forms	of	evidence	and	analysis	were	used	 in	producing	 this	 report.	First,	 the	assessment	
draws	 on	 economic	 and	 energy	 data	 for	 the	 United	 States,	 the	 State	 of	 Colorado,	 and	 the	 economy	
within	 the	 three	 counties.	 It	 provides	 a	 region-wide	 estimate	 of	 the	 likely	 magnitude	 of	 electricity	
expenditures	(absent	new	policies	or	unexpected	market	dynamics).	 It	highlights	the	major	trends	and	
the	likely	costs	and	benefits	of	business-as-usual	(BAU)	trend	through	2040.	It	then	compares	the	BAU	
trend	to	a	Solar	Innovation	Scenario	based	on	the	3-County	Solar	and	Storage	Study.	Based	on	that	study	
the	innovation	scenario	has	a	goal	of	installing	232	megawatts	of	new	photovoltaic	systems,	by	2033,	or	
about	26	percent	of	the	total	2019	electricity	consumption	within	the	3-County	area.	Second,	it	uses	an	
established	energy-economic	input-output	model,	documented	in	Appendix	B	of	this	report,	to	evaluate	
the	study	for	its	likely	economic	impacts	and	benefits.	

Who	are	the	authors?	
The	underlying	research	tasks,	analysis,	and	writing	of	the	report	was	carried	out	by	a	consulting	a	team	
associated	with	Economic	and	Human	Dimensions	Research	Associates,	in	collaboration	with	a	3-county	
study	 team	 including	 Clean	 Energy	 Economy	 for	 the	 Region	 (CLEER),	 Community	 Office	 for	 Resource	
Efficiency	 (CORE),	 and	Walking	Mountains	 Science	Center.	 Both	 the	 economic	modeling	 and	 resulting	
assessment	were	undertaken	by	economist	John	A.	“Skip”	Laitner.		

Disclaimer	

This	 report	has	been	prepared,	 for	 informational	purposes	only,	by	the	team	at	Economic	and	Human	
Dimensions	Research	Associates,	at	 the	request	of	3-county	study	team.	The	 information	contained	 in	
this	 report	 is	 intended	 as	 an	 indicative	 assessment	 of	 likely	 outcomes	 should	 the	 Region	 successfully	
catalyze	the	appropriate	program	efforts	and	technology	investments;	and	while	believed	to	be	correct	
as	of	the	date	of	publication,	it	is	not	a	substitute	for	appropriate	business	and	financial	advice,	detailed	
research,	or	the	exercise	of	additional	professional	judgment	in	the	development	of	specific	policies	and	
programs	 that	 might	 accelerate	 the	 momentum	 within	 the	 larger	 energy	 productivity	 market..	 For	
questions	 or	 further	 information,	 contact	 the	 lead	 study	 author,	 John	 A.	 “Skip”	 Laitner	 at	
EconSkip@gmail.com.		
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Executive	Summary	
The	many	workers,	consumers,	and	businesses,	as	well	as	a	variety	of	government	operations	
within	 the	 three-county	 region	 of	 Eagle,	 Garfield,	 and	 Pitkin	 Counties,	 Colorado	 (3-County	
Region),	will	 together	spend	an	estimated	$188	million	 in	2021	to	meet	the	total	demand	for	
electricity	 services.	 As	 electricity	 use	 rises	 slowly	 over	 time,	 this	might	 average	 $205	million	
annually	through	the	year	2040	(with	all	values	in	constant	2018	dollars).	The	many	payments	
made	each	day,	or	each	month,	for	electricity	services	enable	people	to:	
	

• Cool,	heat,	and	light	their	homes	and	businesses,		
• Listen	to	music	or	watch	TV,		
• Power	 the	many	devices,	 appliances,	 and	 equipment	 in	 the	 region,	 including	 ski	 lifts,	

industrial	activities,	and	other	business	endeavors,	and	
• Pump	and	purify	 the	water	 that	 is	delivered	 to	homes,	 schools,	and	businesses	every	

day.		
	

Although	 residents	 and	 businesses	 derive	 these	 and	 many	 other	 benefits	 from	 the	 energy	
services	paid	for	in	their	energy	bills,	there	is	a	significant	opportunity	to	save	money	through	
an	 array	 of	 policies	 and	 programs,	 as	 well	 as	 productive	 investments	 in	 renewable	 energy	
technologies	as	summarized	in	the	figure	below.		
	
Figure	ES.	Average	Cost	of	Electricity	Services	and	Jobs	with	Solar	+	Storage	Study	2022	to	2040	

	
Source:	 John	 A.	 “Skip”	 Laitner	 based	 on	 3-County	 Solar	 +	 Storage	 Study	 data	 for	 the	 region	 and	 results	 from	 the	 DEEPER	
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Employment	Assessment	Tool	(May	2021).	

Based	on	an	economic	assessment	of	the	2021	Solar	and	Storage	Study	for	the	3-County	region,	
a	 five-step	economic	 analysis	 underscores	 the	possibility	 of	 an	 average	energy	bill	 savings	of	
$19	million	per	year	which	might	result	in	a	net	positive	gain	of	260	jobs	within	the	region.	That	
would	be	the	equivalent	jobs	made	possible	by	attracting	5	small	manufacturing	plants	to	the	
region.		
	
The	economic	analysis	begins	with	estimated	average	annual	electricity	expenditures	of	$205	
million	per	year	(already	referenced	in	the	opening	paragraph	of	this	executive	summary).	That	
is	the	first	step.	 	A	combination	of	program	efforts,	the	second	step	(averaging	$2	million	per	
year),	might	then	catalyze,	help	plan,	promote,	encourage	and	coordinate	a	variety	of	market	
investment	activities	to	actually	ensure	that	productive	investments	on	solar	systems	are	made.	
The	ongoing	investments	are	the	third	step	in	the	analysis	which	average	about	$15	million	per	
year.	As	the	investments	are	made	over	time,	the	analysis	suggests	that	electricity	bill	savings	
might	average	$19	million	per	year.	This	is	the	fourth	step.	The	combination	of	program	costs	
and	 investments	 might	 then	 result	 in	 a	 “net	 electricity	 bill	 savings”	 of	 $2	 million	 per	 year,	
reducing	 the	 region’s	electricity	bill	 from	$205	million	 to	$203	million.	And	when	all	of	 these	
expenditures	are	matched	with	appropriate	sector	job	coefficients	over	time,	the	fifth	step,	the	
analysis	 shows	 a	 net	 average	 benefit	 of	 260	 jobs	 each	 year	 over	 the	 19-year	 period	 2022	
through	2040.		
	
The	Region’s	cumulative	benefits	might	exceed	$34	million	over	the	18-year	period	of	this	study	
(again	 in	 constant	 2018	 dollars).	 This	 technical	 brief	 provides	 a	 more	 detailed	 discussion	 of	
these	key	ideas	as	they	might	positively	shape	the	larger	social,	environmental,	and		economic	
well-being	 of	 the	 area	 economy,	 as	 well	 as	 lay	 the	 groundwork	 for	 even	 larger	 economic	
benefits.	
	
On	 a	wider	 scale,	while	 the	 economic	 analysis	 summarized	 in	 this	 technical	 briefing	 focused	
primarily	 on	 the	 economic	 benefits	 and	 costs	 that	would	 occur	within	 the	 Region,	 there	 are	
wider	effects	 that	 ripple	 through	 the	 regional,	 state,	and	national	economies.	For	example,	a	
significant	solar	PV	upgrade	in	the	3-county	area	might	stimulate:	
	

• Investment	in	manufactured	items	such	as	new	building	materials,	heating	and	cooling	
systems,	solar	energy	arrays,	and	electric	vehicles	which,	 in	 turn,	would	generate	new	
economic	activity	through	those	supply	chains,	extending	the	impacts	to	both	the	state	
and	national	levels.		

• Closer	to	home,	employment	benefits	would	accrue	to	design	firms,	and	installation	and	
service	 contractors	 in	 the	 region	 that	 gain	 new	 work	 from	 designing,	 installing,	 and	
servicing	the	installed	solar	and	storage	systems	mentioned	above.	While	some	of	these	



v	
		

firms	 would	 be	 regionally	 based,	 many	 which	 are	 based	 in	 other	 jurisdictions	 would	
contribute	to	the	economy	of	Eagle,	Garfield,	and	Pitkin	Counties.		

• Finally,	 the	 combined	 renewable	 energy	 investments	 within	 the	 three	 counties	 can	
benefit	 the	 State	 of	 Colorado’s	 economy	 in	 the	 form	 of	 new	 clean	 energy	 facilities,	
reduced	utility	grid	costs,	and	cleaner	air.		For	example,	if	the	Region	were	to	promote	
greater	 energy	 efficiency	 and	 a	more	 extensive	 set	 of	 renewable	 energy	 investments	
similar	 to	 that	 recently	announced	by	Governor	 Jared	Polis,	 the	Colorado	Roadmap	to	
Greenhouse	 Gas	 Pollution	 Reduction	 (January	 2021),	 new	 energy	 and	 solar	 projects	
could	 be	 developed	 in	 Colorado,	 generating	 new	 investment	 and	 jobs	while	 reducing	
utility	bills	and	power	section	emissions.		

	
These	additional	benefits,	while	not	quantified	in	this	study,	are	an	important	and	understated	
part	of	the	economic	good	news	that	this	technical	brief	provides.
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I.	Introduction 
It	was	for	only	a	few	moments,	but	the	California	electricity	grid	hit	95	percent	renewables	on	
Saturday,	 April	 26,	 2021.1	 In	 2019,	 a	 full	 61.3%	 of	 the	 electricity	 delivered	 by	MidAmerican	
Energy	to	its	Iowa	customers	was	generated	by	renewable	energy	(mostly	wind).2	The	means	of	
producing	 energy	 are	 beginning	 to	 shift,	 even	 as	 a	 larger	 scale	 of	 monetary	 benefits	 and	
economic	 opportunity	 is	 emerging.	 By	 one	 estimate,	 in	 2020	 global	 investment	 in	 the	 low-
carbon	energy	transition	totaled	$501.3	billion,	more	than	double	the	investments	in	2010,	and	
up	dramatically	from	$33	billion	in	2004	(BloombergNEF	2021).	At	the	same	time	the	delivered	
electricity	 costs	 of	 wind	 powered	 systems	 have	 fallen	 70	 percent	 since	 2009	 while	 solar	
photovoltaics	 have	 fallen	 90	 percent	 subsequently	 (Lazard	 2020).	 These	 promising	 outcomes	
are	 all	 the	 result	 of	 careful	 planning,	 productive	 investments,	 and	 some	 very	 capable	
engineering.	 All	 of	 this	 underscores	 the	 importance	 of	 the	 emergent	work	 now	 taking	 place	
around	 the	 world,	 the	 United	 States,	 Colorado,	 and	 in	 the	 three-county	 region	 of	 Eagle,	
Garfield,	and	Pitkin	Counties.		
	
In	 2021,	 Colorado	businesses	 and	 consumers	 in	Garfield,	 Pitkin,	 and	 Eagle	Counties	 spent	 an	
estimated	$188	million	(in	constant	2018	dollars)	to	meet	their	combined	needs	for	electricity	
services.3	The	many	energy	payments	made	each	month,	enabled	people	to:	
	

• Cool,	heat,	and	light	their	homes	and	businesses,		
• Listen	to	music	or	watch	TV,		
• Power	 the	many	devices,	 appliances,	 and	 equipment	 in	 the	 region,	 including	 ski	 lifts,	

industrial	activities,	and	other	business	endeavors,	and	
• Pump	and	purify	 the	water	 that	 is	delivered	 to	homes,	 schools,	and	businesses	every	

day.		
	

As	energy	use	and	prices	rise	over	time,	however,	the	total	expenditures	might	average	$205	
million	annually	through	the	year	2040	(again	in	constant	2018	dollars).		At	the	same	time,	the	
3-County	 region	 emitted	 an	 estimated	 of	 1.31	 million	 metric	 tons	 of	 energy-related	 carbon	
dioxide	 (CO2)	 in	 2019.	 Visually,	 this	 is	 the	 equivalent	 of	 burning	 7,232	 railcars	worth	 of	 coal.	
More	 critically,	 scientists	 have	 confirmed	 that	 CO2	 and	 other	 greenhouse	 gas	 emissions	 are	
contributing	to	a	growing	environmental	and	economic	burden	of	global	climate	change.		
	

																																																													
1https://www.latimes.com/environment/newsletter/2021-04-29/solar-power-water-canals-california-climate-
change-boiling-point		
2	https://www.midamericanenergy.com/nr-2019renewable	
3	 As	 explained	 later	 in	 this	 technical	 brief,	 and	 notably	 in	 Appendix	 A	 which	 focuses	 on	 the	 key	 assumptions	
underpinning	this	analysis,	the	economic	model	used	to	evaluate	the	solar	study	is	based	on	2018	constant	dollars.	
Hence,	the	reference	to	those	base	year	values	throughout	the	technical	brief.		
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Although	 residents	 and	 businesses	 of	 the	 county	 derive	 many	 important	 benefits	 from	 the	
energy	 services	 paid	 for	 in	 their	 energy	 bills,	 there	 is	 a	 significant	 opportunity	 to	 invest	 in	
renewable	 energy	 technologies	 and	 systems	 in	 ways	 that	 bolster	 the	 region’s	 social	 and	
economic	well-being	 even	 as	 greenhouse	 gas	 emissions	 are	 significantly	 reduced.	 To	 explore	
that	 larger	 investment	 opportunity,	 a	 team	of	 professionals	 have	developed	 a	 preliminary	 3-
County	Solar	+	Storage	study	to	lay	out	first	steps	toward	achieving	potentially	larger	economic	
stimulus	 for	 the	regional	economy.	This	report	provides	a	preliminary	technical	macroeconomic	
assessment	 of	 the	 Garfield,	 Pitkin,	 and	 Eagle	 3-County	 Solar	 and	 Storage	 Study.4	 More	
specifically,	 the	 analysis	 examines	 the	 prospective	 employment	 and	 other	 economic	 benefits	
should	the	regional	economy	scale-up	from	the	current	8.4	Megawatts	(MW)	of	community-scale	
solar	arrays	in	2020	5	to	add	another	232	MW	of	new	systems	over	the	12-year	period	of	2022	
through	2033.6	The	analysis	examines	the	 level	of	program	effort	and	the	scale	of	 investment	
that	will	be	necessary	to	drive	that	level	of	local	development.		
	
With	that	backdrop:	

• Section	II	of	this	assessment	provides	the	overall	framework	that	reinforces	the	analysis	
found	later	in	this	report.		

• Section	 III	 then	 explores	 the	 current	 patterns	 of	 economic	 activity	 and	 energy	
consumption—especially	 as	 the	 investigation	 points	 to	 evidence	 of	 previous	 inquiries,	
surveys	 and	 studies	 that	 inform	a	proactive,	 forward	path	based	on	 the	 idea	of	 a	more	
productive	infrastructure.	It	also	explores	the	scale	of	purposeful	effort	and	investments	
that	 can	 enable	 the	 county	 and	 the	 nation	 as	 a	 whole	 to	 build	 up	 those	 future	
opportunities.		

• Section	 IV	 includes	 an	overview	of	 the	methodology	used	 to	estimate	 the	 net	 job	 and	
other	economic	 impacts	of	the	greater	diversity	 in	 the	use	of	energy	resources	and,	 in	
particular,	the	greater	level	of	 renewable	energy	and	energy	efficiency	improvements.	In	
addition,	 a	 short	 narrative	 offers	 further	 details	 about	 the	 economic	 model	 used	 to	
complete	this	assessment	for	the	3-County	economy.	

II.	Framework	of	the	Economic	Assessment	
There	are	early	warning	signs	of	a	 less	 robust	economy	over	 the	next	decades.	The	historical	
growth	 of	 real	 per	 capita	 Gross	 Regional	 Product	 (GRP),	 a	 useful	 proxy	 of	 overall	 economic	
productivity,	averaged	about	2.3	percent	per	year	over	period	1970	through	2020,	for	example.	
But	projections	now	suggest	the	rate	of	growth	might	drop	to	just	1.0	percent	annually	over	the	
next	three	decades.	Similar	trends	are	shown	for	both	Colorado	as	a	whole	as	well	as	 for	the	
larger	United	States	(Woods	&	Poole	2020).	Should	those	projections	hold,	that	means	the	3-
																																																													
4	See,	Garfield,	Pitkin,	and	Eagle	3-County	Solar	and	Storage	Study	(June	2021).	See,	http://wccleanenergy.org/.	
5	 Regional	 Energy	 Inventory	 2019	 data	 for	 Eagle,	 Garfield	 and	 Pitkin	 Counties,	 Colorado	 (June	 2021),	 again	 see	
http://wccleanenergy.org/.	
6	3-County	Solar	and	Storage	Study,	op	cit.	For	more	details	on	key	data	of	that	study	embedded	in	this	analysis,	
see	Appendix	A	of	this	technical	briefing,	“Key	Data	and	Assumptions	of	the	Solar	Innovation	Scenario.”	
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County	 region	 might	 be	 one-third	 smaller	 by	 2050	 than	 otherwise	 anticipated	 based	 on	
previous	 historical	 trends.	 Hence,	 large	 scale	 investments	 such	 as	 the	 upgrade	 to	 the	 area’s	
solar	 capacity	 might	 be	 better	 seen	 as	 a	 useful	 stimulus	 which	 provides	 a	 more	 robust	
underpinning	for	the	regional		economy.		
	
Three	key	drivers	examined	using	the	proprietary	DEEPER	Modeling	System	as	configured	to	the	
3-County	region:	 (i)	 the	cost-effective	shift	away	from	capital	 intensive	energy	services	to	the	
more	labor	 intensive	production	of	other	goods	and	services;	(ii)	a	buildup	of	the	local	supply	
chain	so	that	more	goods	and	services	are	provided	 locally;	and	(iii)	an	array	of	electricity	bill	
savings	and	other	productivity	benefits	for	the	region.7		
	
The	first	key	driver	is	referred	to	as	the	shift	 in	labor	intensity.	Just	as	some	energy	resources	
are	more	carbon-intensive	than	others—for	example	natural	gas	produces	less	carbon-dioxide	
per	million	 Btus	 of	 energy	 than	 does	 an	 equivalent	 amount	 of	 coal—different	 sectors	 of	 the	
Colorado	economy	have	different	income	and	employment	intensities.	In	other	words,	different	
sectors	 support	 either	more	 or	 fewer	 jobs	 and	 incomes	 per	 one	million	 dollars	 of	 economic	
activity	than	other	sectors	to	which	they	might	be	compared.	We	can	follow	this	 logic	for	the	
United	 States	 as	 a	whole,	 but	 also	 for	 the	 State	 of	 Colorado	 and	 for	 the	 3-County	 region	 of	
Eagle-Garfield-Pitkin	Counties.	This	is	shown	in	Figure	1	on	the	following	page.	
	
Two	 immediate	observations	are	drawn	from	the	data	 in	Figure	1.	The	 first	 is	 that,	generally,	
the	 larger	the	region	the	 larger	the	 job	coefficients	are	 likely	to	be.	This	 is	because	there	 is	a	
larger	scale	of	economic	activity	within	the	United	States,	for	example,	than	there	is	likely	to	be	
in	 Colorado,	 and	 especially	 within	 the	 3-County	 region	 under	 assessment	 here.	 The	 second	
observation	is	that,	regardless	of	scale,	energy-related	sectors	tend	to	support	fewer	total	jobs	
than	 other	 major	 sectors	 within	 the	 economy.	 As	 noted,	 this	 is	 because	 energy	 sectors	 are	
generally	more	capital-intensive	than	labor-intensive.		
	 	

																																																													
7	For	a	more	complete	description	of	“the	DEEPER	Modeling	System,”	see	Appendix	B	to	this	technical	briefing.	
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Figure	1.	Labor	Intensities	for	Key	Economic	Sectors	and	Regions	

	
Source:	John	A.	“Skip”	Laitner,	using	IMPLAN	2018	Data	for	Eagle,	Garfield	and	Pitkin	Counties,	Colorado,	and	the	United	States,	
October	2020.	

	
Based	on	2018	information	from	the	IMPLAN	county-level	data	sets	(which,	 in	turn,	draws	on	
public	data	made	available	 through	a	variety	of	agencies	and	 institutions),	and	 looking	at	 the	
economic	activity	within	Eagle,	Garfield,	and	Pitkin	Counties,	the	statistics	suggest	the	array	of	
electricity	 services	 support	 about	 5.5	 total	 jobs	 per	million	 dollars	 of	 economy	 activity.	 This	
compares	 to	 6.7	 jobs	 in	 manufacturing	 as	 well	 11.5	 jobs	 in	 construction,	 and	 12.6	 jobs	
throughout	 the	 economy	on	 average	 (IMPLAN	2020).	Hence,	 for	 every	 one	million	 dollars	 of	
electricity	 bill	 savings	 generated	 through	 more	 cost-effective	 solar	 investments,	 and	 that	 is	
spent	within	 the	 area,	 the	3-County	 region	will	 gain	 a	net	 increase	of	 7.1	new	 jobs.	 In	other	
words,	 instead	of	supporting	5.5	total	jobs	for	electricity	purchases,	the	economy	will	support	
an	average	of	12.6	jobs	as	the	energy	bill	savings	are	re-spent	for	other	goods	and	services	in	
the	regional	economy.8		
	
																																																													
8	IMPLAN	LLC,	Huntersville,	NC.	https://implan.com/.	Note	that	the	job	intensities	increase	as	the	data	shift	from	
an	 individual	county	to	state	and	national	assessments.	This	 is	because	there	are	 increasingly	fewer	 imports	and	
more	sectoral	interactions	at	the	state	and	national	levels.	But	also	note	that	the	difference	between	average	jobs	
and	energy-related	jobs	remains	close	to	the	net	gain	of	7	jobs	shown	for	the	3-County	region.	
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With	regard	to	the	second	key	driver,	or	what	we	can	call	the	local	supply	chain	build-up,	while	
the	3-County	region	provides	a	high	rate	of	value-added	return	to	the	region,	it	also	imports	an	
estimated	 50	 percent	 of	 its	 supply	 chain	 of	 goods	 and	 services.	 By	 comparison,	 the	 United	
States,	as	a	whole,	imports	only	10	percent	of	its	production	resources.9	To	the	extent	that	the	
3-County	 region	 increases	 local	 production	 capacity	 for	 goods	 and	 services,	 this	will	 increase	
both	the	resilience	and	vitality	of	the	local	economy.10	
	
A	 third	 area	 of	 opportunity	 is	 the	 likely	 positive	 impacts	 of	 greater	 electricity	 and	 resource	
efficiencies	on	a	variety	of	energy	and	non-energy	expenditures.	Even	as	the	region	will	benefit	
from	 cost-effective	 reductions	 in	 the	 use	 of	 electricity	 and	 other	 resources,	 other	 remaining	
goods	and	services	will	likely	benefit	from	lower	total	costs.	This	is	because	greater	productivity	
will	reduce	demand	in	ways	that	allow	for	less	costly	resources	to	be	deployed,	and	it	tends	to	
place	 an	otherwise	 downward	pressure	 on	 things	 like	 food,	 clothing	 and	other	 household	 or	
other	business	costs.		
	
At	this	point	the	question	might	be	asked,	how	will	program	spending,	the	investments	in	the	
232	MW	of	Solar	+	Storage	 systems,	and	 the	 resulting	electricity	bill	 savings,	 all	 enhance	 the	
well-being	 of	 the	 regional	 economy?	 Figure	 2	 on	 the	 following	 page,	 based	 on	 a	 five-step	
economic	 analysis,	 summarizes	 that	 information.	 More	 of	 the	 analytic	 details	 and	 key	
assumptions	which	underpin	this	analysis	can	be	found	in	Appendix	A	of	this	narrative.	
	
The	economic	analysis	begins	with	estimated	average	annual	electricity	expenditures	of	$205	
million	 per	 year.	 That	 is	 the	 first	 step.	 A	 combination	 of	 program	 efforts,	 the	 second	 step	
(averaging	 $2	 million	 per	 year),	 might	 then	 catalyze,	 help	 plan,	 promote,	 encourage	 and	
coordinate	 a	 variety	 of	 market	 investment	 activities	 to	 actually	 ensure	 that	 productive	
investments	 in	 solar	 systems	 are	 made.	 The	 ongoing	 investments	 are	 the	 third	 step	 in	 the	
analysis	which	average	about	$15	million	per	year.	As	the	investments	are	made	over	time,	the	
analysis	 suggests	 that	 electricity	 bill	 savings	 might	 average	 $19	 million	 per	 year.	 This	 is	 the	
fourth	 step.	 The	 combination	 of	 program	 costs	 and	 investments	might	 then	 result	 in	 a	 “net	
electricity	 bill	 savings”	 of	 $2	million	 per	 year,	 reducing	 the	 region’s	 electricity	 bill	 from	$205	
million	 to	 $203	 million.	 And	 when	 all	 of	 these	 expenditures	 are	 matched	 with	 appropriate	
sector	 job	 coefficients	 over	 time,	 which	 is	 the	 fifth	 step,	 the	 analysis	 shows	 a	 net	 average	
benefit	of	260	jobs	each	year	over	the	19-year	period	2022	through	2040.	If	we	think	of	a	small	

																																																													
9	The	import	ratios	are	estimated	from	data	provided	for	these	two	economies	by	IMPLAN,	again,	previously	cited.	
10	As	 a	 thought	 experiment	we	 can	 imagine	how	building	up	 greater	 local	 capacity	 and	 supply	 can	 increase	 the	
robustness	 of	 the	 regional	 economy.	 	 For	 example,	 as	 the	 region	 now	 provides	 an	 initial	 24%	 of	 its	 resources	
through	local	purchases,	we	can	use	a	multiplier	formula	of	[1	/	(1	–	0.24)]	to	suggest	a	base	economic	multiplier	of	
1.32	 for	each	dollar	 spent	by	businesses	and	 consumers.	But	 if	 the	 regional	 economy	moves	 the	 local	purchase	
coefficient	 from	24%	to	 just	35%,	 then	 the	base	multiplier	 increases	 to	1.54.	 	 In	other	words,	 instead	of	a	$100	
consumer	 purchase	 that	might	 support	 $132	 locally,	with	 a	more	 resilient	 economy	 it	might	 support	more	 like	
$154,	without	any	other	additional	costs	to	the	market.		
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manufacturing	plant	as	providing	about	50	jobs	in	the	area,	the	Solar	+	Storage	initiative	would	
be	the	equivalent	to	attracting	just	over	5	manufacturing	plants	within	the	three	counties.		
	
Figure	2.	Average	Cost	Electricity	Services	and	Jobs	with	Solar	+	Storage	Study	2022	to	2040	

	
Source:	John	A.	“Skip”	Laitner	based	on	regional	IMPLAN	and	the	Regional	Energy	Inventory	data	as	it	anchors	the	Solar	+	
Storage	Innovation	scenario	embedded	in	the	DEEPER	Modeling	System	(May	2021).	

	
As	good	as	that	outcome	appears	to	be,	the	results	are	merely	the	benefit	from	the	lower	total	
cost	of	electricity-related	services.	We	can	also	account	for	other	social,	economic,	health,	and	
environmental	benefit,	what	is	often	called	“the	value	of	solar”	as	it	may	also	positively	impact	
both	 the	 3-County	 regional	 economy	 and	 the	 larger	 Colorado	 economy.	 A	 2013	 Xcel	 Energy	
study	 suggested	 an	 array	 of	 other	 benefits	 which	might	 sum	 to	 the	 equivalent	 of	 $0.08	 per	
kilowatt-hour.	 The	 benefits	 ranged	 from	 avoided	 capacity	 and	 capital	 costs,	 avoided	
distribution	 and	 transmission	 upgrades,	 reduced	 financial	 risks	 and	 avoided	 environmental	
costs.	 A	more	 recent	 Xcel	 Energy	 report	 by	 its	Minnesota	 subsidiary	 Northern	 States	 Power	
(2018)	suggested	a	2018	value	of	solar	of	$0.1033/kWh		rising	to	$0.1791/kWh	24	years	later.		
Yes,	there	are	many	more	studies	suggesting	a	range	of	values,	but	if	we	stick	with	the	earlier,	
more	conservative	value	of	$0.08/kWh	and	plug	that	into	the	analysis?		Then	we	shift	to	a	more	
positive	 outcome	 altogether	 as	 benefits	 further	 lower	 total	 cost	 of	 electricity	 services	 by	 as	
much	as	$45	million.		Following	the	logic	explained	in	Figure	2,	these	new	results	are	shown	in	
Figure	3	below.	
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Figure	3.	Average	Cost	Electricity	Services	&	Jobs	w/Benefits	from	Solar	+	Storage	Study	2022	to	2040	

	
Source:	John	A.	“Skip”	Laitner	based	on	regional	IMPLAN	and	the	Regional	Energy	Inventory	data	as	it	anchors	the	Solar	+	
Storage	Innovation	scenario	with	benefits	also	embedded	in	the	DEEPER	Modeling	System	(May	2021).	

	
With	benefits	now	increasing	the	average	annual	savings	from	$19	million	to	an	estimated	$45	
million	 per	 year,	 total,	 and	 net	 benefits	moving	 from	$2	million	 to	 $28	million	 per	 year,	 the	
Solar	+	Storage	investment	now	induces	further	jobs,	adding	an	additional	220	net	new	jobs	to	
increase	 the	 new	 total	 to	 an	 estimated	 480	 net	 jobs.	 This	 is	 the	 employment	 equivalent	 of	
almost	10	new	small	manufacturing	plants	located	in	the	3-County	region.	

III.	Comparing	Business-As-Usual	and	the	Solar	Innovation	Scenario	
The	critical	question	we	ask	here	is	how	the	Solar	+	Storage	study	for	Eagle,	Garfield	and	Pitkin	
Counties	might	 compare	with	a	 typical	or	 standard	projection	of	 the	 region’s	population	and	
economic	performance	as	measured	by	Gross	Regional	Product	or	GRP.	 	 Table	1	 summarizes	
the	 reference	 case	 projections	 for	 key	 energy	 and	 economic	 variables	 over	 the	 period	 2022	
through	 2040	 for	 the	 four	 benchmark	 years	 of	 2022,	 2025,	 2033	 (when	 the	 last	 set	 of	 PV	
systems	are	installed	under	this	scenario)	and	continuing	out	to	2040.	
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Table	1.	Three-County	Business-as-Usual	Projections	for	Key	Economic	and	Energy	Data	2022	to	2040	

	
Source:	Woods	and	Poole	for	Population	and	GDP,	and	Three	County	Energy	Inventory	Plus	AEO	Growth	Trends	(May	2021).	

According	to	current	estimates,	the	three	counties	will	have	an	estimated	138,365	inhabitants	
by	 2022.	 Recent	 projections	 show	a	population	 growth	 rate	of	 1.05	percent	 per	 year.	 If	 that	
projection	holds,	 it	means	 that	 the	populace	will	 reach	167,041	persons	by	 2040.	 That	 small	
increase	in	the	number	of	inhabitants,	and	especially	with	a	weak	1.03	percent	increase	in	per	
capita	 GRP,	 is	 anticipated	 to	 drive	 total	 GRP,	 up	 from	 just	 over	 $11.3	 billion	 in	 2022	 to	 a	
somewhat	larger	economy	of	$16.4	billion	by	2040,	an	annual	growth	rate	of	~2.1	percent	over	
that	 time	 horizon	 (with	 both	 values	 expressed	 in	 real	 2018	 constant	 rather	 than	 nominal	
dollars).			
	
At	 the	 same	 time,	 building	on	 electricity	 consumption	patterns	 provided	by	 3-County	 Energy	
Inventory,	 and	 assuming	 growth	 patterns	 provided	 by	 the	 U.S.	 Energy	 Information	
Administration	 in	 its	Annual	 Energy	Outlook	 for	 the	Rocky	Mountain	Region	 (EIA	2021),	 total	
electricity	consumption	is	estimated	to	be	1.9	million	Megawatt-hours	(MWh)	in	2022.	Because	
of	 various	 energy	policies	 and	programs	now	 in	place,	 together	with	business-as-usual	 (BAU)	
productivity	 improvements,	 overall	 electricity	 consumption	 within	 the	 regional	 economy	 is	
expected	to	 less	than	the	growth	of	the	economy,	or	about	1.1	percent	per	year.	Still,	overall	
electricity	demand	is	expected	to	increase	by	about	0.5	million	MWh	from	2022	levels,	rising	to	
2.5	million	MWh	by	2040.	In	a	bit	of	good	news,	electricity	prices	may	ease,	decreasing	slightly	
(in	 real	 terms)	 by	 about	 0.2	 percent	 per	 year	 through	 2040.	 Hence,	 the	 reference	 case	
projection	suggests	that	total	electricity	expenditures	will	increase	from	$189	million	in	2022	to	
about	$221	million	by	2040.	The	average	annual	expenditure	over	that	time	horizon	will	be	the	
$205	million	previously	cited	in	Figures	2	and	3.	
	
Following	a	review	of	the	Solar	PV	+	Storage	study	several	critical	variables	have	been	 locked	
into	 the	modeling	 framework	 to	 evaluate	 the	 economic	 impact	 of	 the	 strategy.	 	 Appendix	 A	
highlights	those	values	and	assumptions.	Table	2	provides	a	more	complete	“scenario	context”	
by	 underscoring	 the	 larger	macroeconomic	metrics	 associated	with	 key	 differences	 between	
the	 Business-as-Usual,	 or	 Reference	 Case,	 and	 the	 3-County	 Solar	 Storage	 and	 Innovation	
Scenario,	again	over	the	period	2022	through	2040.			
	
	 	

		BAU	Economic	Indicators Metric 2022 2025 2033 2040 CAGR
		Population Actual 138,365 142,766 155,224 167,041 1.05%
		Jobs Actual 122,522 128,695 144,859 159,111 1.46%
		Gross	Regional	Product/Capita 2018	$ 89,216 92,393 100,475 107,242 1.03%
		Total	Gross	Regional	Product Millions	of	2018	$ 11,282 12,055 14,254 16,372 2.09%
		BAU	Energy	Indicators
		Electricity	Use MWh 1,921,634 1,985,748 2,167,372 2,339,869 1.10%
		Electricity	Bill Million	2018	$ 189.1 194.1 208.2 221.3 0.88%
		Electricity	Price 2018	$/MWh 98.4 97.8 96.1 94.6 -0.22%
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Table	2.	Illustrative	Outcomes	for	3-County	Solar	+	Storage	Innovation	Scenario	2022	through	2040.	

	
Source:	The	DEEPER	Modeling	System	for	economic,	employment	and	GDP	impacts	(May	2021).	

First,	note	 the	row	that	 is	 labeled	“New	Solar	PV	 Installed.”	The	buildout	starts	slowly	with	3	
MW	installed	in	2022,	rising	slowing	to	15	MW	in	2025	and	reaching	25	MW	in	the	last	year	of	
construction	 in	 2033,	 with	 a	 cumulative	 232	 MW	 of	 new	 solar	 capacity	 installed.	 Although	
somewhat	arbitrary	 the	scenario	 is	extended	out	 to	2040	to	capture	at	 least	a	portion	of	 the	
ongoing	benefits	after	 the	 last	 installation.	Program	and	policy	costs	are	assumed	to	assist	 in	
the	 planning,	 coordination	 and	 facilitation	 of	 the	 installation	 activities.	 As	 the	 first	 solar	
investments	kick	in	beginning	in	2022,	the	Innovation	Scenario	starts	with	a	small	loss	of	savings	
just	over	$2	million	 for	 the	 first	 several	years	 through	2025,	and	continuing	with	small	 losses	
through	2030	(not	shown).	Yet,	as	more	installations	are	completed	the	savings	turn	small	but	
positive	rising	to	$1.9	and	2.3	million	 in	2033	and	2040	with	a	net	cumulative	savings	of	$5.4	
million	over	the	entire	19-year	period	through	2040.	
	
At	 the	 same	 time,	 the	 program	 and	 investment	 stimulus	 kick	 in	with	 a	 small	 but	 immediate	
benefit	of	61	jobs	in	2022,	peaking	at	454	jobs	in	2033	when	the	last	construction	is	completed.	
In	the	post-construction	years	through	2040,	driven	largely	by	jobs	induced	from	savings	and	a	
modest	change	in	sector	spending,	the	region	is	supporting	a	smaller	but	still	net	positive	130	
jobs	 in	2040.	Over	the	entire	period,	 the	economy	sustains	an	average	 job	benefit	of	263	 job	
per	year	(shown	in	rounded	terms	as	260	jobs	in	Figure	2).	As	also	suggested	in	Table	2,	there	is	
a	further	small	benefit	which	increases	local	GRP,	averaging	$25.6	million	per	year,	or	a	boost	of	
about	0.2	percent	annually.		
	
At	 this	 point	we	 can	also	 follow	 the	 logic	 in	 Figure	3	 showing	how	 the	Table	2	 results	might	
differ	 if	 we	 also	 include	 the	 value	 of	 solar	 benefits	 in	 addition	 to	 immediate	 electricity	 bill	
savings	within	the	Solar	Innovation	Scenario.	Recall	the	discussion	from	Figure	3	that	the	added	
solar	benefits	now	 increase	the	average	annual	savings	 from	$19	million	to	an	estimated	$45	
million	per	year,	total,	and	net	benefits	moving	from	$2	million	to	$28	million	per	year.	Table	3	
below	lays	out	these	modified	impacts.	
	
	 	

		Financial	Impact Metric 2022 2025 2033 2040 Total
		New	Solar	PV	Installed MW 3 15 25 n/a 232
		Policy/Program	Costs Million	2018$ 2.5 2.3 1.8 0 28.5
		Technology	Investments Million	2018$ 4.2 19.9 28.9 0 292.2
		Net	Consumer	Savings Million	2018$ -2.5 -2.2 1.9 2.3 5.4
		Economic	Impact Average
		Net	Job	Gain Actual 61 250 454 130 263
		Gain	in	Gross	Regional	Product Million	2018	$ 5.6 23.4 44.6 13.4 25.6
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Table	3.	Illustrative	Outcomes	for	3-County	Solar	+	Storage	Innovation	Scenario	with	the	Value	of	
Solar	Benefits	Added	into	the	Assessment	2022	through	2040.	

Source:	The	DEEPER	Modeling	System	for	economic,	employment	and	GDP	impacts	(May	2021).	
	

Again,	the	program	and	investment	stimulus	kick	in	with	a	slightly	larger	but	immediate	benefit	
of	65	jobs	in	2022,	peaking	at	798	jobs	in	2033	when	the	last	construction	is	completed.	In	the	
post-construction	years	through	2040,	driven	largely	by	jobs	induced	from	lower	electricity	and	
non-electricity	bill	savings,	the	region	is	supporting	a	somewhat	larger	net	positive	445	jobs	in	
2040.	Over	the	entire	period,	the	economy	sustains	an	average	job	benefit	of	480	job	per	year	
(as	shown	in	Figure	3).	As	further	indicated	in	Table	3,	there	is	a	slightly	bigger	GRP	benefit,	now	
averaging	$46.7	million	per	year,	or	a	boost	of	about	0.3	percent	annually.		

IV.	Reviewing	the	Economic	Impacts	of	the	Solar	Innovation	Scenario	 	
The	foundation	for	the	overall	economic	assessment	that	has	been	completed	as	part	of	the	3-
County	 review	 is	 the	 proprietary	 modeling	 system	 known	 as	 the	Dynamic	 Energy	 Efficiency	
Policy	Evaluation	Routine	(DEEPER).	The	model,	developed	by	John	A.	“Skip”	Laitner,	is	a	multi-
sector	 dynamic	 input-output	 model	 of	 a	 given	 regional	 or	 national	 economy.	 The	 model	 is	
essentially	a	recipe	that	shows	how	different	sectors	of	the	economy	are	expected	to	buy	and	
sell	 to	 each	 other;	 and	 how	 they	 might,	 in	 turn,	 be	 affected	 by	 changed	 investment	 and	
spending	patterns.	Setting	up	that	production	recipe	 is	a	 first	step	 in	exploring	the	future	 job	
creation	opportunities	and	other	macroeconomic	impacts	as	Eagle,	Garfield	and	Pitkin	Counties	
shift	 the	higher	 level	of	performance	 that	 is	 likely	 to	be	associated	with	 the	Solar	 Innovation	
Scenario.		
	
Although	it	has	been	updated	here	to	reflect	the	economic	dynamics	specific	to	Colorado	and	
the	 3-County	 region,	 the	 DEEPER	 model	 has	 a	 30-year	 plus	 history	 of	 development	 and	
application.	 The	model	 has	been	utilized	 to	 assess	 the	net	 employment	 impacts	of	 proposed	
automobile	 fuel	 economy	 standards	 within	 the	 United	 States.11	 More	 often,	 it	 is	 typically	
employed	to	evaluate	the	macroeconomic	impacts	of	a	variety	of	energy	efficiency,	renewable	
energy,	and	climate	policies	at	the	regional,	state,	and	national	level.	As	a	recent	illustration,	it	

																																																													
11	 Gearing	 Up:	 Smart	 Standards	 Create	 Good	 Jobs	 Building	 Cleaner	 Cars,	 by	 Chris	 Busch,	 John	 Laitner,	 Rob	
McCulloch,	and	Ivana	Stosic,	Washington,	DC:	BlueGreen	Alliance,	2012.	Based	on	this	analysis	and	other	evidence,	
American	President	Barack	Obama	signed	into	effect	the	proposed	54.5	mile-per-gallon	fuel	economy	standards	in	
August	2012.	

		Financial	Impact Metric 2022 2025 2033 2040 Total
		New	Solar	PV	Installed MW 3 15 25 n/a 232
		Policy/Program	Costs Million	2018$ 2.5 2.3 1.8 0 28.5
		Technology	Investments Million	2018$ 4.2 19.9 28.9 0 292.2
		Net	Consumer	Savings Million	2018$ -2.1 3.2 41.9 42.3 489.3
		Economic	Impact Average
		Net	Job	Gain Actual 65 301 798 445 480
		Gain	in	Gross	Regional	Product Million	2018	$ 6.0 28.2 78.5 45.8 46.7
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was	 used	 in	 2017	 to	 assess	 the	 potential	 outcomes	 and	 economic	 benefits	 of	 the	 Third	
Industrial	 Revolution	 in	 the	 Metropolitan	 Region	 of	 Rotterdam	 and	 Den	 Haag,	 an	 industrial	
region	2.3	million	people	in	South	Holland.12	Most	recently	it	was	the	basis	of	an	assessment	of	
a	community	energy	plan	in	Arlington	County,	VA	(Laitner	2019),	and	also	a	major	assessment	
of	 the	 job	 creation	potential	 of	 a	 greater	 emphasis	 on	energy	productivity	within	 the	United	
States	(Laitner,	Anderson,	Dreyfus	and	Taddonio	2021).	
	
The	timeframe	of	the	model	for	evaluating	energy	efficiency	and	renewable	energy	technology	
policies	and	investments	is	2020	through	2050.		The	years	2020	and	2021	(or	earlier	as	needed)	
provide	a	useful	historical	benchmark.	The	period	2020	through	2050	affords	an	assessment	of	
future	trends.	As	it	was	implemented	for	this	analysis,	the	model	maps	in	the	changed	spending	
and	investment	patterns	based	on	the	Solar	Innovation	Scenario	which	is	reflected	in	a	variety	
of	data	made	available	 through	the	3-County	Energy	 Inventory,	Woods	and	Poole	Economics,	
EIA	and	IMPLAN	(op	cit.).	Figure	4	on	the	following	page	provides	a	diagrammatic	view	of	the	
DEEPER	Modeling	 System	 as	 it	 was	 reflected	within	 the	 dynamics	 of	 the	 3-County	 region.	 A	
more	complete	description	is	provided	in	Appendix	B	at	the	end	of	the	report.		
	
Figure	4.	The	DEEPER	Modeling	System	

	
Note:	See	Appendix	B	for	a	more	formal	discussion	of	the	DEEPER	Modeling	System	

	
Tables	2	and	3	integrates	the	scenario	cost	data	found	in	Table	1	and	elsewhere.	It	then	lays	out	
the	 larger	 economic	 benefits	 that	 might	 be	 expected	 to	 emerge	 with	 the	 Solar	 Innovation	
Scenario,	 especially	 as	 interactive	 discussion	 helps	 shape	 a	 greater	 understanding	 of	 what	
initiatives	may	contribute	to	a	more	productive	community	strategy.	
	
Consistent	with	the	discussion	surrounding	Figure	2	(and	Table	2),	the	solar	investment	stimulus	
greater	lifts	the	regional	economy	to	a	higher	level	of	performance	so	that	it	enables	a	small	net	
gain	of	employment—an	estimated	annual	average	of	260	net	jobs	per	year	by	2040	resulting	
from	 the	 upgrade	 of	 the	 region’s	 energy	 infrastructure.	 As	 noted	 previously,	 the	 investment	

																																																													
12	 See,	 “Exploring	 the	Potential	 Economic	Benefits	of	 the	TIR	Roadmap	Next	Economy	 Innovation	Scenarios,”	by	
John	 A.	 “Skip”	 Laitner,	 in	 Jeremy	 Rifkin	 et	 al.,	 The	 Third	 Industrial	 Revolution	 Roadmap	 Next	 Economy	 for	 The	
Metropolitan	Region	of	Rotterdam	and	The	Hague,	Bethesda,	MD:	TIR	Consulting	Group	LLC.	2017.	
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would	be	the	rough	employment	equivalent	of	attracting	about	5	small	manufacturing	plants	to	
the	 three-county	 region.	 	 As	 we	 might	 also	 incorporate	 other	 benefits	 from	 the	 Solar	 PV	 +	
Storage	Upgrades,	what	has	often	be	referred	to	as	“the	value	of	solar”	(see,	for	example,	the	
discussion	 in	 Hallock	 and	 Sargent	 2015),	 the	 larger	 productivity	 gains	 shown	 in	 Figure	 3	 and	
Table	 3	 might	 then	 drive	 a	 total	 of	 480	 net	 jobs	 for	 the	 region.	 This	 would	 be	 the	 rough	
equivalent	of	attracting	almost	10	new	small	manufacturing	plants	to	the	3-county	region.	

	 	



13	
	

References	
3-County	Study	Team.	2021.	Garfield,	Pitkin,	and	Eagle	3-County	Solar	and	Storage	Study	
(June).	http://wccleanenergy.org/	
	
BloombergNEF.	2021.	Energy	Transition	Investment	Trends.	
https://about.bnef.com/blog/energy-transition-investment-hit-500-billion-in-2020-for-first-
time/	
	
Buonocore,	Jonathan	J.,	Kathleen	F.	Lambert,	Dallas	Burtraw,	Samantha	Sekar,	Charles	T.	
Driscoll.	2016.	An	Analysis	of	Costs	and	Health	Co-Benefits	for	a	US	Power	Plant	Carbon	
Standard.	PLOS	ONE	11(6).	
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0156308	
	
Campbell,	Nancy,	Lisa	Ryan,	Vida	Rozite,	Eoin	Lees,	and	Grayson	Heffner.	2014.	Capturing	the	
Multiple	Benefits	of	Energy	Efficiency.	Paris,	France,	International	Energy	Agency.	
https://webstore.iea.org/download/direct/375			
	
CLEER.	2021.	“Three-County	Energy	Inventory”	(Draft).	Carbondale,	CO:	Clean	Energy	Economy	
for	the	Region.	http://wccleanenergy.org/	
	
Colorado	Governor’s	Office.	2021.	The	Colorado	Roadmap	to	Greenhouse	Gas	Pollution	
Reduction.	(January	2021).	https://energyoffice.colorado.gov/climate-energy/ghg-pollution-
reduction-roadmap		
	
DMEA.	2021.	“80-Megawatt	Solar	Project	to	Provide	Local,	Affordable,	and	Reliable	Electricity	
to	DMEA.”	Montrose,	CO:	Delta-Montrose	Electric	Association.	May	7.	
https://www.dmea.com/new-solar-project		
	
EIA.	2021.	The	Annual	Energy	Outlook	2021	with	Projections	to	2050	(Rocky	Mountain	Regional	
Projections).	 Washington,	 DC:	 United	 States	 Energy	 Information	 Administration.	
https://www.eia.gov/outlooks/aeo/	
	
EPA.	2018.	Quantifying	the	Multiple	Benefits	of	Energy	Efficiency	and	Renewable	Energy	A	
Guide	for	State	and	Local	Governments.	Washington,	DC:	Environmental	Protection	Agency.	
https://www.epa.gov/sites/production/files/2018-
07/documents/epa_slb_multiple_benefits_508.pdf	
	
EPA.	2019.	Public	Health	Benefits	per	kWh	of	Energy	Efficiency	and	Renewable	Energy	in	the	
United	States:	A	Technical	Report.	Washington,	DC:	Environmental	Protection	Agency.	
https://www.epa.gov/sites/production/files/2019-07/documents/bpk-report-final-508.pdf	



14	
	

	
	
Goldman	School.	2020.	The	2035	Report:	Plummeting	Solar,	Wind,	and	Battery	Costs	Can	
Accelerate	our	Clean	Electricity	Future.	Berkeley,	CA:	University	of	California.	
https://www.2035report.com/electricity/		
	
Grover,	Stephen.	2007.	Energy,	Economic,	and	Environmental	Benefits	of	the	Solar	America	
Initiative.	Golden,	CO:	National	Renewable	Energy	Laboratory.	
https://www.nrel.gov/docs/fy07osti/41998.pdf	
	
Hallock,	Lindsey	and	Rob	Sargent.	2015.	Shining	Rewards:	The	Value	of	Rooftop	Solar	Power	
for	Consumers	and	Society.	Frontier	Group	and	Environment	America.		
https://environmentamerica.org/sites/environment/files/reports/EA_shiningrewards_print.pdf	
	
Hoffman,	Ian,	Charles	A.	Goldman,	Sean	Murphy,	Natalie	Mims,	Greg	Leventis	and	Lisa	
Schwartz.	2018.	The	Cost	of	Saving	Electricity	Through	Energy	Efficiency	Programs	Funded	by	
Utility	Customers:	2009–2015.	Berkeley,	CA:	Lawrence	Berkeley	National	Laboratory.	
https://eta-publications.lbl.gov/sites/default/files/cose_final_report_20200429.pdf		
	
IMPLAN.	2020.	Multi-Regional	Input-Output	(MRIO)	Data	and	Analytical	Capabilities.	Data	for	
Colorado	and	Counties.	Huntersville,	NC:	IMPLAN,	LLC.	https://implan.com/.	
	
IRENA.	2014.	The	Socio-economic	Benefits	of	Solar	and	Wind	Energy.	Abu	Dhabi,	United	Arab	
Emirates:	International	Renewable	Energy	Agency.		
https://www.irena.org/publications/2014/May/The-Socio-economic-Benefits-of-Solar-and-
Wind-Energy	
	
Karlsson,	Mikael,	Eva	Alfredsson	and	Nils	Westling.	2019.	“Climate	policy	co-benefits:	a	
review.”	Climate	Policy,	20:3,	292-316.	https://doi.org/10.1080/14693062.2020.1724070.			
	
Laitner,	John	A.	“Skip.”	2018.	“Working	Analysis	of	Program	Effectiveness	for	the	Garfield	Clean	
Energy	Project.”	Carbondale,	CO:	Clean	Energy	Economy	for	the	Region.	
	
Laitner,	John	A.	“Skip.”	2019.	“Estimating	the	Economic	Benefits	of	Productive	Investments	to	
Curb	 Greenhouse	 Gas	 Emissions	 in	 Arlington	 County,	 Virginia.”	 Arlington,	 VA:	 Office	 of	
Sustainability	and	Environmental	Management.		
https://theresourceimperative.com/wp-content/uploads/2021/04/arlington-county-economic-
assessment-october2019.pdf		
	
Laitner,	John	A.	“Skip”,	Benoît	Lebot,	Matthew	McDonnell	and	Meagan	Weiland.	2018.	Smart	
Policies	and	Programs	as	Critical	Drivers	for	Greater	Energy	Efficiency	Investments.	Paris,	



15	
	

France:	International	Partnership	for	Energy	Efficiency	Cooperation	(IPEEC).	
https://theresourceimperative.com/wp-content/uploads/2018/02/IPEEC-Smart-Policies-and-
Programs-as-Critical-Drivers-of-Greater-Energy-Efficiency-Investments-Feb-2018.pdf.		
	
Laitner,	John	A.	“Skip”,	Stephen	O.	Andersen,	Gabrielle	B.	Dreyfus,	and	Kristen	N.	Taddonio.	
2021.	Investing	in	US	Energy	Efficiency	and	Infrastructure	Creates	More	Nationally-Distributed	
Jobs	while	Saving	Money	and	Protecting	the	Climate.	Washington	DC	and	Paris,	France:	The	
Institute	for	Governance	&	Sustainable	Development	(IGSD);	and	Tucson,	AZ:	Economic	and	
Human	Dimensions	Research	Associates.	https://theresourceimperative.com/wp-
content/uploads/2021/03/Energy-Efficiency-Upgrades-Protecting-the-Climate-Creating-
Jobs.pdf		
	
Lazard.	2020.	“Lazard’s	Levelized	Cost	of	Energy	Analysis	2020	--Version	14.0.”	New	York,	NY:	
Lazard.	https://www.lazard.com/media/451419/lazards-levelized-cost-of-energy-version-
140.pdf.	
	
Lebot,	Benoît	Lebot	and	Meagan	Weiland.	2020.	Policies	and	Programs	Critical	for	Greater	
Energy	Efficiency.	Economic	Policy,	Vol.	15,	No.	2	(April	2020),	pp	148-167.	
http://ecpolicy.ru/images/stories/2020_2/008_lebot.pdf.	
	
Manghani,	Ravi.	2021.	“Total	eclipse:	How	falling	costs	will	secure	solar’s	dominance	in	power.”	
Wood	Mackenzie.	https://www.woodmac.com/horizons/how-falling-costs-will-secure-solars-
dominance-in-power		
	
Northern	States	Power.	2018.	Minnesota	Electric	Rate	Book	(Including	Value	of	Solar	Rates).	
https://www.xcelenergy.com/staticfiles/xe-
responsive/Company/Rates%20&%20Regulations/Me_Section_9.pdf	
	
NREL.	2021.	Value-of-Solar	Tariffs.	Golden,	CO:	National	Renewable	Energy	Laboratory.	
https://www.nrel.gov/state-local-tribal/basics-value-of-solar-tariffs.html		
	
Weissman,	Gideon,	Emma	Searson,	and	Rob	Sargent.	2019.	The	True	Value	of	Solar	Measuring	
the	Benefits	of	Rooftop	Solar	Power.	Environment	America	and	the	Frontier	Group.	
https://environmentamerica.org/sites/environment/files/resources/AME%20Rooftop%20Solar
%20Jul19%20web.pdf		
	
Woods	and	Poole.	2020.	US	Data	Pamphlet	for	the	United	States	1969-2050.	Washington,	DC:	
Woods	and	Poole	Economics,	Inc.	https://www.woodsandpoole.com/.		
	
Xcel	Energy,	Inc.	2013.	“Costs	and	Benefits	of	Distributed	Solar	Generation	on	the	Public	
Service	Company	of	Colorado	System.”	As	cited	in	Hallock,	Lindsey	and	Rob	Sargent.	2015.	



16	
	

Shining	Rewards:	The	Value	of	Rooftop	Solar	Power	for	Consumers	and	Society.	Frontier	Group	
and	Environment	America.	
https://environmentamerica.org/sites/environment/files/reports/EA_shiningrewards_print.pdf	
	 	



17	
	

Appendix	A.	Data	and	Assumptions	of	the	Solar	Innovation	Scenario		
In	early	May	of	this	year,	Guzman	Energy	announced	plans	for	an	80-megawatt	solar	electricity	
project	 in	 southern	 Delta	 County,	 Colorado	which	would	 be	 operational	 in	 early	 2023.	 Once	
completed	 it	 would	 provide	 Delta-Montrose	 Electric	 Association	 (DMEA)	 and	 other	
communities	 in	Western	Colorado	with	affordable	and	reliable	wholesale	electricity	prices.	At	
the	same	time,	the	system	would	generate	$10	million	of	tax	revenue	of	over	35	years	and	help	
DMEA	reach	its	goal	of	approximately	20	percent	local	power	generation.	Over	the	next	year,	it	
would	also	provide	an	estimated	350	to	400	construction	jobs	over	the	area	economy	(DMEA	
2021).			
	
Yes,	that	scale	of	construction	jobs	is	an	entirely	believable	number.	Yet,	the	construction	jobs	
are	only	one	slice	of	the	total	net	jobs	which	might	be	anticipated	from	DMEA	project—should	
we	 include	 other	 key	 elements	 in	 the	 assessment.	 The	 overall	 employment	 a	 local	 economy	
might	expect	will	 vary	on	a	myriad	of	different	 things.	As	described	 in	 this	appendix,	 the	key	
variables	include:	(i)	both	cost	and	the	cost-effectiveness	of	an	overall	development	project;	(ii)	
the	financing	of	a	given	project	including	its	interest	rate	or	expected	return	on	investment;	(iii)		
the	array	of	non-energy	benefits	which	might	follow	the	project(s)	installation;	and	finally,	(iv)	
the	various	policy	and	program	costs	necessary	to	bring	the	project	development	into	a	near-
term	reality.		
	
We	can	think	of	the	policy,	program,	construction	and	finance	costs	as	the	initial	stimulus	to	the	
economy.	The	prospective	energy	bill	savings	and	other	productivity	or	non-energy	benefits	are	
the	 transition	 returns	 from	 the	 development.	Moreover,	 with	 even	 a	 small	 net	 gain	 of	 local	
wages	 and	 income	 that	 can	 be	 spent	 locally,	 an	 enhanced	 economy	will	 provide	 even	more	
employment	opportunities.		At	the	same	time,	there	are	pluses	(jobs	gained)	and	minuses	(jobs	
lost,	deferred,	or	transitioned).	Hence	the	employment	benefits	assessed	in	this	report	will	be	
jobs	gained	less	jobs	deferred,	or	net	total	jobs.	
	
Technology	Cost	and	Cost-Effectiveness	
Drawing	from	the	data	found	in	the	Garfield,	Pitkin,	and	Eagle	3-County	Solar	and	Storage	Study	
(June	2021),	 the	starting	cost	of	community-scale	solar	arrays	 is	assumed	$1,388	per	kilowatt	
(kW)	 in	 2022.	 According	 to	 studies	 by	 Wood	 Mackenzie	 (Manghani	 2021)	 and	 also	 the	
University	of	California-Berkeley’s	Goldman	School	of	Public	Policy	(Goldman	2020),	the	costs	of	
solar	 is	 expected	 to	decline	by	as	much	as	25	percent	by	 the	year	2035.	 	 In	 this	 analysis	 the	
assumption	is	a	15	percent	decline	in	installed	costs	by	2033,	the	last	year	of	investment.	That	
implies	the	cost	of	systems	installed	in	2033	would	drop	to	$1,180/kW.	At	the	same	time,	the	
capacity	factor	of	solar	systems	is	expected	to	increase	from	20	to	28	percent	over	the	period	
2022	through	2033.	This	means	that	out	of	the	8,760	hours	within	a	year’s	time,	a	kilowatt	of	
solar	 PV	 will	 generate	 1,752	 kilowatt-hours	 (kWh)	 of	 electricity	 in	 2022,	 but	 with	 improved	
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systems	 and	 upgrades	 a	 system	 installed	 in	 2033	 should	 be	 able	 to	 deliver	 2,453	 kWh	 of	
electricity	in	that	year.		
	
Two	 final	assumptions	 in	 this	enables	a	calculation	of	what	 is	an	equivalent	of	 the	wholesale	
cost	 of	 electricity	 delivered	 to	 the	 electricity	 grid.	 The	 first	 is	 an	 average	 interest	 rate	 of	 6	
percent	 to	 borrow	 money,	 or	 to	 attract	 bondholders	 or	 investors	 (see	 more	 on	 this	 in	 the	
subsection	that	follows).		The	second	is	an	assumed	fixed	cost	of	$0.02	per	kW	to	operate	and	
maintain	the	solar	system	each	year	over	its	30-year	life.	As	the	table	below	highlights	while	the	
cost	of	conventional	electricity	will	drop	slowly	over	time,	community	solar	will	start	off	slightly	
more	 expensive.	 But	 then	 as	 both	 market	 and	 technology	 improvements	 move	 forward,	
community	solar	systems	installed	in	2033	are	projected	to	be	significantly	less	expensive.	
	
Electricity	Wholesale	Cost	($/MWh)	 2022	 2033	
Community	Solar	System	 57.57	 34.95	
Average	Wholesale	Electricity		 57.49	 49.86	
	
Finance	
A	significant	level	of	investment	will	have	to	be	provided	through	some	form	of	public/private	
investment	and/or	borrowing.	That	will	clearly	add	to	the	overall	cost	of	system	installation.	For	
example,	if	investment	funds	are	borrowed,	over	a	30-year	period,	at	an	interest	rate	of	2.84	
percent	within	that	time-span,	this	will	effectively	increase	the	cost	by	approximately	50	
percent	compared	to	funds	with	a	zero	interest	rate	or	through	some	other	form	of	out-of-
pocket	expenditures.	And	if	the	interest	rate	rises	to	as	high	as	9.3	percent	over	that	same	30	
years,	it	will	effectively	triple	the	cost	of	investment.	By	way	of	comparison,	current	home	
interest	rates	are	within	the	3	to	8	percent	range,	depending	on	levels	of	down	payment	that	
might	be	made,	credit	scores	and	other	variables.13	As	it	turns	out,	investor-owned	utilities	are	
allowed	to	earn	a	Return	on	Equity	invested	(ROE),	which	is	typically	around	9	to	10	percent	per	
year.14	The	assumption	by	Lazard	(2020)	generally	hovers	around	12	percent	return	for	equity	
investors.	Municipal	bonds	are	on	the	very	low	end	of	the	cost	spectrum.		For	example,	AA	
Rated	Muni	Bonds,	over	a	30-year	period,	currently	show	a	yield	of	1.7	to	1.9	percent.15		
	
Given	the	scale	of	impact	likely	supported	by	the	financial	community,	a	financial	cost	variable,	
including	interest	or	borrowing	rates,	should	be	included	in	any	jobs	assessment.	Following	
Lazard,	we	are	assuming	(but	still	subject	to	final	change)	as	our	primary	scenario	60	percent	
debt	at	perhaps	3	percent	return	and	40	percent	equity	at	10	percent,	for	what	would	then	be	a	
Weighted	Average	Cost	of	Capital	(WACC)	or	5.8	percent,	or	call	it	6	percent.	Either	way,	the	

																																																													
13	 When	 accessed	 on	 May	 7,	 2021,	 a	 typical	 range	 of	 home	 mortgage	 interest	 rates	 of	 ~3-8	 percent	 can	 be	 found	 at:	
https://www.valuepenguin.com/mortgages/average-mortgage-rates	
14	https://newenglandcleanenergy.com/energymiser/2018/02/22/how-electric-utilities-make-money/	
15	https://www.fmsbonds.com/market-yields/.	Accessed	May	7,	2021.	
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main	story	is	that	we	have	to	increase	the	level	of	grants	and/or	initial	or	down	payments,	and	
interest	rates	as	low	as	we	can.		
	
Non-Energy	Benefits.		
A	 systematic	 review	 by	 the	 International	 Energy	 Agency	 (Campbell,	 Ryan	 et	 al.	 2014)	 found	
significant	returns	of	non-energy	benefits,	co-benefits,	or	ancillary	benefits	which	accompanied	
the	more	 conventional	energy	efficiency	upgrades	 in	a	wide	variety	of	 assessments.	 The	U.S.	
Environmental	 Protection	 Agency	 suggested	 strong	 non-energy	 benefits	 for	 both	 energy	
efficiency	and	renewable	energy	technologies	(EPA	2018,	2019).	Karlsson	et	al.	(2019)	note	that	
climate	 policy	 co-benefits	 “in	well-researched	 fields	 such	 as	 air	 quality	 and	 health	 are	 large,	
often	equaling	or	exceeding	mitigation	costs.”		
	
In	 a	 similar	 way	 the	 installation	 and	 operation	 of	 community	 solar	 systems	 are	 likely	 to	
generate	a	significant	array	of	electricity	and	non-electricity	benefits	beyond	any	savings	which	
might	 accrue	 through	 a	 lower	wholesale	 cost	 of	 electricity.	 These	 added	 benefits	 have	 been	
called	the	“value	of	solar”	as	explained	in	discussion	surrounding	both	Figure	3	and	Table	3	in	
the	 main	 narrative	 of	 the	 manuscript.	 There	 we	 cited	 an	 Xcel	 Energy	 (2013)	 study	 which	
suggested	an	array	of	other	benefits	which	might	sum	to	the	equivalent	of	$0.08	per	kilowatt-
hour.	 The	 benefits	 ranged	 from	 avoided	 capacity	 and	 capital	 costs,	 avoided	 distribution	 and	
transmission	upgrades,	reduced	financial	risks	and	avoided	environmental	costs.	Perhaps	even	
more	 immediate	 is	 the	Xcel	Energy	report	by	 its	Minnesota	subsidiary	Northern	States	Power	
(2018)	 which	 suggested	 a	 2018	 value	 of	 solar	 of	 $0.1033/kWh	 which	 rises	 to	 $0.1791/kWh	
some	24	years	later.			
	
The	 analysis	 here	 also	 extended	 the	 review	 to	 a	 broad	 range	 of	 reports	 and	 assessments	 to	
include	Grover	 (2007),	 the	 International	Renewable	Energy	Agency	 (IRENA	2014),	Hallock	and	
Sargent	(2015),	and	Weissman,	Searson,	and	Sargent	(2019).	Perhaps	more	immediately	useful,	
the	National	 Renewable	 Energy	 Laboratory	 (NREL	2021)	 has	 devoted	 an	 entire	 section	on	 its	
website	 that	 is	 complete	with	data	 and	 references	on	 the	 “Value-of-Solar	 Tariffs.”	 	 Again,	 as	
noted	in	the	main	manuscript	of	this	report,	there	are	many	more	studies	suggesting	a	broad	
range	of	values.	But	rather	than	try	to	nail	a	specific	estimate	of	non-energy	benefit,	or	reflect	
the	full	“value	of	solar,”	this	assessment	merely	tries	to	show	how	the	net	 job	creation	might	
look	 but	 if	 compare	 only	 differences	 in	wholesale	 power	 costs	with	 the	 prospective	 value	 of	
solar	benefits.	Hence,	the	main	analysis	shown	in	Figure	2	and	Table	2	shows	the	job	creation	
benefit	without	 consideration	of	 the	value	of	 solar.	On	 the	other	hand,	 Figure	3	and	Table	3	
show	how	job	creation	more	look	with	even	a	conservative	value	of	$0.08/kWh	as	that	might	
be	plugged	into	the	analysis?		
	
Policy	and	Program	Costs	
Although	there	appear	to	be	significant	opportunities	to	promote	the	more	productive	use	of	
renewable	 energy	 technologies,	 the	mere	 existence	 of	 an	 opportunity	 does	 not	 guarantee	 a	
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positive	outcome.	 In	short,	the	many	beneficial	outcomes	of	a	100	percent	renewable	energy	
economy	won’t	happen	automatically.	 It	will	 take	purposeful	 effort,	 guided	by	 smart	policies	
and	programs,	to	drive	the	necessary	activities	and	investments	to	achieve	optimal,	large-scale	
benefits	(Lebot	and	Weiland	2020;	and	also,	Laitner,	Lebot,	McDonnell	and	Weiland	2018).		
Indeed,	 and	 as	 shown	 in	 the	 table	 below,	 a	working	 assessment	 undertaken	 for	 the	Garfield	
County	Clean	Energy	Program	in	Colorado	showed	that	every	administrative	or	program	dollar	
spent	 to	 promote	 some	 combination	 of	 energy	 efficiency	 or	 renewable	 energy	 technologies	
generated	 $5.40	 of	 productive	 investment	 within	 the	 county	 over	 the	 period	 2010	 through	
2017.	This,	in	turn,	would	lead	to	a	combined	energy	bill	savings	of	$10.80	per	dollar	of	program	
spending	over	the	period	2010	through	2029	(Laitner	2018).		Hence,	even	as	necessary	program	
spending	drives	investment,	that	investment	drives	larger	social	and	economic	benefits	for	the	
region—as	it	can	for	either	the	3-County	region	or	for	the	full	State	of	Colorado.	
 
Examining	the	Benefits	of	Program	Costs	as	they	Induce	Productive	Investments	
	
Expenditure	Categories	($MM)	

Program	Years	2010	
to	2017	

Implied	Post-Program	
Year	Savings	2018-2029	

Sum	

Program	and	Deployment	Costs	 2.6	 n/a	 2.6	
Upgrade	Investments	 14.2	 n/a	 14.2	
Energy	Bill	Savings	 7.5	 21.1	 28.6	

Ratio	of	Energy-Related	Investments	Stimulated	by	Program	Spending:				 5.4	
Ratio	of	Energy	Bill	Savings	Stimulated	by	Program	Spending:			 10.8	

Source:	Data	from	CLEER	with	analysis	by	John	A.	“Skip”	Laitner,	January	2018.	

	
In	the	analysis	undertaken	here,	the	working	assumption	is	that	initial	policy	and	program	costs	
to	launch	a	232	MW	solar	+	storage	upgrade	begin	with	an	expenditure	of	$1.25	million	in	2022,	
rising	to	double	that	amount	in	2023,	but	then	declining	three	percent	annually	through	2033,	
or	one	year	after	the	last	system	installation.	The	average	over	the	entire	19-year	period	(again,	
the	years	2022	though	2040)	is	$2.1	million.	
	
The	Full	Convergence	and	Model	Results	
With	a	full	array	of	program	expenditures,	investments	and	both	electricity	bill	savings	as	well	
as	non-bill	benefits,	the	data	are	mapped	into	the	year-by-year	DEEPER	Modeling	System	(see,	
Appendix	B	that	follows).	Each	of	the	positive	and	negative	expenditures	are	then	matched	with	
annual	 job	 and	 GRP	 coefficients	 with	 appropriate	 economic	 sectors	 specific	 to	 the	 3-County	
Region.	These	results	are	summed	and	then	reported	for	key	benchmark	years	in	Tables	2	and	
3,	and	then	also	used	as	the	basis	for	Figures	2	and	3	as	previously	described.	
	
How	best	to	view	these	indicative	results?	The	intent	is	not	to	predict	specific	numbers	for	any	
given	Solar	 Innovation	Scenario	 in	any	given	year.	There	are	simply	too	many	variables	which	
are	 likely	 to	change	 in	a	variety	of	ways	over	 time—both	positive	and	negative.	Rather,	both	
Figures	2	and	3,	for	example,	provide	approximate	magnitudes	of	net	benefits	as	the	3-County	
region	might	actually	deploy	the	Solar	plus	Storage	study	as	an	ongoing	economic	development	
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strategy.	 A	 number	 of	 sensitivity	 runs	were	 created	 to	 validate	 the	 larger	 pattern	 of	 net	 job	
benefits	for	the	region.	They	tended	to	hover	around	the	results	provided	in	the	narrative	here.		
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Appendix	B.	The	DEEPER	Modeling	System	
Although	 the	 DEEPER	 Model	 is	 not	 a	 general	 equilibrium	 model,	 it	 does	 provide	 sufficient	
accounting	 detail	 to	match	 import-adjusted	 changes	 in	 investments	 and	 expenditures	within	
one	sector	of	the	economy	and	balance	them	against	changes	in	other	sectors.16	More	to	the	
point	 of	 this	 exercise,	 the	 model	 can	 specifically	 explore	 the	 energy	 and	 non-energy	
productivity	benefits	from	what	is	now	characterized	as	a	Solar	Innovation	Scenario—especially	
as	it	is	transformed	into	a	pro-active	“Roadmap	Next	Economy.”		
	
One	 critical	 assumption	 that	 underpins	 the	 core	 result	 of	 the	 DEEPER	 analysis	 is	 that	 any	
productive	investment	or	spending—whether	in	energy	efficiency,	renewable	energy,	and/or	a	
more	dynamic	 infrastructure	 that	pays	 for	 itself	 over	 a	 reasonably	 short	period	of	 time—will	
generate	 a	 net	 reduction	 in	 the	 cost	 of	 energy	 services	 (as	 well	 as	 a	 lower	 cost	 of	 other	
resources	 which	 are	 needed	 to	maintain	 the	material	 well-being	 of	 the	 Eagle-Garfield-Pitkin	
regional	economy).	That	net	reduction	of	energy	and	resource	expenditures	can,	then,	be	spent	
for	the	purchase	of	other	goods	and	services.	We	noted	in	the	discussion	surrounding	Figure	1,	
the	redirecting	of	$1	million	in	spending	away	from	electric	utility	services	suggests	there	may	
be	roughly	a	net	gain	of	about	7.0	jobs.	Depending	on	the	many	sectoral	interactions,	as	well	as	
the	 complete	 assessment	 of	 the	 many	 effects	 summarized	 and	 discussed	 in	 Table	 1	 of	 this	
assessment,	the	net	gain	in	jobs	may	widen	or	close	as	the	changed	pattern	of	spending	works	
its	way	through	the	model	and	as	shifts	in	labor	productivity	change	the	number	of	jobs	needed	
in	each	sector	over	a	period	of	time.17	
	
Once	 the	 mix	 of	 positive	 and	 negative	 changes	 in	 spending	 and	 investments	 has	 been	
established	 for	 the	 Solar	 Innovation	 Scenario,	 the	 net	 spending	 changes	 in	 each	 year	 of	 the	
model	are	converted	into	sector-specific	changes	in	final	demand.	Then,	following	the	pattern	
highlighted	in	the	diagram	of	the	DEEPER	Modeling	System,	the	full	array	of	changes	will	drive	a	
dynamic	input-output	analysis	according	to	the	following	predictive	model:	
	
X	=	(I-A)-1	*	Y	
where:	
	

																																																													
16	 When	 both	 equilibrium	 and	 dynamic	 input-output	 models	 use	 the	 same	 technology,	 investment,	 and	 cost	
assumptions,	 both	 sets	 of	models	 should	 generate	 a	 reasonably	 comparable	 set	 of	 outcomes.	 For	 a	 diagnostic	
assessment	of	this	conclusion,	see,	“Tripling	the	Nation’s	Clean	Energy	Technologies:	A	Case	Study	in	Evaluating	the	
Performance	 of	 Energy	 Policy	Models,”	 Donald	 A.	 Hanson	 and	 John	 A.	 “Skip”	 Laitner,	 Proceedings	 of	 the	 2005	
ACEEE	 Summer	 Study	 on	 Energy	 Efficiency	 in	 Industry,	 American	 Council	 for	 an	 Energy	 Efficient	 Economy,	
Washington,	DC,	July	2005.	
17	Note	that	unlike	many	policy	models,	DEEPER	also	captures	trends	in	labor	productivity.	That	means	the	number	
of	jobs	needed	per	million	dollars	of	revenue	will	decline	over	time.	For	example,	if	we	assume	a	1.9	percent	labor	
productivity	 improvement	 over	 the	 22-year	 period	 from	2018	 (the	 base	 year	 of	 the	model)	 through	 2040,	 15.1	
manufacturing	jobs	supported	by	spending	of	$1	million	within	the	United	States	today	may	support	only	9.5	jobs	
by	the	year	2050.	The	calculation	is	15.1	/1.019(2040-2018)	=	10.0	jobs	(rounded	to	the	nearest	tenth).	
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X	=	total	industry	output	by	a	given	sector	of	the	economy	
	
I	=	an	identity	matrix	consisting	of	a	series	of	0’s	and	1’s	in	a	row	and	column	format	for	each	
sector	(with	the	1’s	organized	along	the	diagonal	of	the	matrix)	
	
A	=	the	matrix	of	production	coefficients	for	each	row	and	column	within	the	matrix	(in	effect,	
how	 each	 column	 buys	 products	 from	 other	 sectors	 and	 how	 each	 row	 sells	 products	 to	 all	
other	sectors)	
	
Y	=	final	demand,	which	is	a	column	of	net	changes	in	spending	by	each	sector	as	that	spending	
pattern	 is	 affected	 by	 the	 policy	 case	 assumptions	 (changes	 in	 energy	 prices,	 energy	
consumption,	investments,	etc.)	
	
This	set	of	relationships	can	also	be	interpreted	as	
	
∆X	=	(I-A)-1	*	∆Y.	
	
A	change	in	total	sector	output	equals	the	expression	(I-A)-1	times	a	change	in	final	demand	for	
each	 sector.18	 Employment	 quantities	 are	 adjusted	 annually	 according	 to	 exogenous	
assumptions	 about	 labor	 productivity.	 From	 a	 more	 operational	 standpoint,	 the	
macroeconomic	module	of	the	DEEPER	Model	traces	how	each	set	of	changes	in	spending	will	
work	or	 ripple	 its	way	 through	 the	 regional	 economy	 in	each	year	of	 the	assessment	period.		
The	end	result	is	a	net	change	in	jobs,	income,	and	GDP	(or	value-added).	
	
For	 a	 review	 of	 how	 an	 Input-Output	 framework	 might	 be	 integrated	 into	 other	 kinds	 of	
modeling	 activities,	 see	 Hanson	 and	 Laitner	 (2009).	 While	 the	 DEEPER	 Model	 is	 not	 an	
equilibrium	 model,	 as	 explained	 previously,	 we	 borrow	 some	 key	 concepts	 of	 mapping	
technology	 representation	 for	 DEEPER,	 and	 use	 the	 general	 scheme	 outlined	 in	 Hanson	 and	
Laitner	(2009).19	Among	other	things,	this	includes	an	economic	accounting	to	ensure	resources	
are	sufficiently	available	to	meet	the	expected	consumer	and	other	final	demands	reflected	in	
different	policy	scenarios.	
	

																																																													
18	Perhaps	one	way	to	understand	the	notation	(I-A)-1	is	to	think	of	this	as	the	positive	or	negative	impact	multiplier	
depending	on	whether	the	change	in	spending	is	positive	or	negative	for	a	given	sector	within	a	given	year.			
19	 “Input-Output	 Equations	 Embedded	within	Climate	 and	Energy	Policy	Analysis	Models,”	 by	Donald	A.	Hanson	
and	 John	 A.	 “Skip”	 Laitner,	 in	 Sangwon	 Suh,	 Editor,	 Input-Output	 Economics	 for	 Industrial	 Ecology.	 Dordrecht,	
Netherlands:	Springer,	2009.	See	also,	“A	Pragmatic	CGE	Model	for	Assessing	the	Influence	of	Model	Structure	and	
Assumptions	in	Climate	Change	Policy	Analysis,”	by	Stephen	Bernow,	Alexandr	Rudkevich,	Michael	Ruth,	and	Irene	
Peters.	Boston,	MA:	Tellus	Institute,	1998.	
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