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ASSOCIATED SITING SUPPORT TOOLS 
DEVELOPMENT 

POTENTIAL STRATEGY FOR IMPLEMENTING CO-
DEVELOPMENT OPPORTUNITIES 

1. INTRODUCTION 
This report documents work performed in support of the U.S. Department of Energy (DOE), Office of 
Nuclear Energy (DOE-NE) under work breakdown structure element 1.09.04.01, “Consent-Based Siting.” 
” by Pacific Northwest National Laboratory and Idaho National Laboratory.  It fulfills the Milestone 
Level-4 (M4) M4IS-22PN0402057, “report presenting a potential strategy for implementing the Multi-
Mission Center concept,” within work package IS-22PN01040205, “Siting Tools Development-PNNL.” 

DOE-NE’s Integrated Waste Management (IWM) Program is developing a community-consent-based 
process for siting a federal consolidated interim storage facility (CISF) for spent nuclear fuel (SNF). Key 
to this consent-based process is creating incentives for communities that might volunteer to host a CISF. 
DOE-NE’s approach, initially called “Multi-Mission Centers,” is to promote or facilitate other 
development projects in addition to a CISF that would provide host communities with additional 
economic opportunities or other benefits. Because each potential host community must be able to define 
the types of development that fit their interests and priorities, we recommend referring to this concept 
with the broader label “co-development opportunities.” Efforts under the Associated Siting Tools work 
package include assisting DOE-NE in developing a strategy for implementing co-development 
opportunities. 

Activities in this work package are focused on refining the co-development opportunities concept 
described below in Section 2. This involves identifying a broad array of potential opportunities that may 
be of interest to communities depending on their interests and priorities and assessing potential siting 
considerations. Such considerations include benefits, adverse effects, barriers and constraints, and 
opportunities; these are discussed in Section 3. The recommended strategies to support and implement the 
co-development opportunities concept are discussed in Section 4. 

This work is guided by recommendations from a previous feasibility study (Smith et al. 2021) and 
comments provided in responses to DOE’s 2021 request for information (RFI; DOE 2022). It has been 
coordinated with and informed by parallel activities supporting communications, stakeholder engagement, 
social sciences and environmental justice analyses, and other associated siting tools development. 

2. CO-DEVELOPMENT OPPORTUNITIES CONCEPT 
The objective of the co-development opportunities concept is to provide incentives to potential volunteer 
CISF host communities in the form of additional economic opportunities or other benefits. Such 
incentives may be an effective way to increase community interest and address stakeholdera concerns, 
offset potential adverse effects of hosting a CISF, and support other interests and priorities. Oughton and 
Hansson (2013) reason that prioritizing the community’s goals in identifying compensatory measures 

 
 
 
 
 
a In this document a community is defined as an entity (or entities) that make a collective consent-based decision, and a 

stakeholder is an affected party within a community, or within a larger geographic area, whose interests and/or rights must 
be represented and considered. 
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could be seen as part of procedural justice—a concept arguably integral to a consent-based siting process 
in its emphasis on fairness and inclusiveness. While it is important to tailor the co-development 
opportunities concept to match the interests of individual communities, DOE-NE may determine it needs 
to structure the incentive opportunities in a manner consistent with and supportive of DOE (or potentially 
other federal agency) mission objectives, beyond the objective of siting a CISF. In applying such criteria, 
the extent to which they might reduce the incentivizing value of the opportunity should be evaluated. 

The following sections discuss relevant considerations in support of specific strategy recommendations 
provided in Section 4. 

2.1 Stakeholder Perspectives on Incentives 
In December 2021, DOE-NE issued an RFI titled “Using a Consent-Based Siting Process to Identify 
Federal Interim Storage Facilities” asking for public input on multiple aspects of developing a consent-
based siting process including an integrated waste management system and considerations related to 
providing incentives (86 FR 68244). The RFI included the following questions relevant to the co-
development opportunities concept: 

• “What benefits or opportunities could encourage local, State, and Tribal governments to consider 
engaging with the Department as it works to identify federal interim storage sites?” 

• “What are possible benefits or drawbacks to co-locating multiple facilities within the waste 
management system or co-locating waste management facilities with manufacturing facilities, 
research and development infrastructure, or clean energy technologies?” 

Responses to these questions are available in full in DOEb (2022). In summary, several themes emerged: 

• In general, commenters indicated that it is important that a potential host community define which co-
development opportunities would be relevant or of interest to it as an incentive. 

• Support for co-development opportunities came from a broad cross-section of commenters who 
suggested that DOE 

- prioritize opportunities that provide durable economic benefits, high-paying permanent 
jobs, and increased community support for hosting a CISF; and 

- consider a variety of opportunity types, including industrial, research and development 
(R&D), manufacturing, reprocessing, advanced nuclear technology, cask packaging, and 
supply chain-related development. 

• Opposition to offering incentives was based largely on the concern that underserved and 
overburdened communities (e.g., low-income, communities of color, or linguistically isolated 
communities) could be “bribed” into hosting a CISF in return for potential benefits. 

The comments show a discrepancy between those who view co-development opportunities as a positive 
means of supporting host communities and those who see the concept as an unfair means of influencing a 
community to host a CISF when it may not be in the community’s best interests or the best interests of 
some of its stakeholders. An article discussing the concept of “Free, Prior, and Informed Consent,” which 
the United Nations has declared a human right for Indigenous communities, defines one aspect of “free” 
consent as being “absent of coercion, intimidation or manipulation...[and a] process [that] is free from 

 
 
 
 
 
b https://www.energy.gov/sites/default/files/2022-06/Responses%20to%20RFI%20on%20Consent-

Based%20Siting%20and%20Interim%20Storage%20Updated.pdf 
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coercion, bias, conditions, bribery or rewards” (Ibabao et al. 2013, p. 53). To avoid misunderstandings, 
DOE should develop a clear, consistent message conveying its intent to maximize benefits and minimize 
harm (rather than just providing compensation for harms) in part by providing incentives and 
compensation rather than bribes. 

Such clear messaging might be informed by a law review article that assessed public concerns with the 
siting process of the Monitored Retrievable Storage facility for spent nuclear fuel on tribal lands in New 
Mexico (Sachs 1996). The article found that the most frequently made argument against the project 
related to bribery of a low-income community. Nevertheless, the article assessed this as the weakest of the 
oppositional arguments. Sachs points out that the alternative to a voluntary siting process with incentives 
is a compulsory decide-announce-defend siting process. Sachs also stated that if a community decides the 
benefits outweigh the drawbacks, arguments that developing the site is inequitable undermine the 
community’s opportunities to improve its welfare, and he shares that tribal leadership themselves pointed 
out that this argument is paternalistic. Finally, the Nuclear Waste Policy Act emphasized the importance 
of procedural fairness and trust in the siting process, which incentives can facilitate. Sachs points to a 
conundrum that existing distributional inequities in wealth in the United States do, in fact, lead low-
income communities to volunteer to site facilities more readily. Sachs believes this concern can be 
alleviated by ensuring that safety and technical standards are optimized so that a community is not being 
bribed to take risks it would not otherwise. There are two exceptions: when a community is so 
underserved that it cannot make a free choice and when a community does not have enough information 
to make an informed choice (Sachs 1996). 

Furthermore, in their article on nuclear waste facility siting, Hannis and Rawls point out that if a 
community perceives compensation as bribery, it can increase opposition (2013). However, the 
differences among compensation, bribery, and incentives are difficult to determine. An incentive seeks to 
change behavior, but to be appropriate should not lead to unethical or illegal behavior. However, an 
incentive could be unethical if the person agreeing to it accepts risks on someone else’s behalf. Hannis 
and Rawls argue that compensation does not persuade someone to change their behavior, and they 
conclude that for an incentive or reward not to serve as a bribe, there should be reasons for the site 
selection (e.g., geological, geographic) independent of the compensation or incentives offered. According 
to the authors, these criteria should be decided using a pluralistic process of public deliberation with 
potential host communities. If there are solid grounds for site selection, the reward is more likely to be 
seen as compensation rather than bribery. 

Another factor that may determine how stakeholders perceive co-development is the timing of 
announcing the opportunity. Hannis and Rawls (2013) suggest that compensation is typically offered after 
the fact, while a bribe is made in advance; however, incentives are usually provided in advance but are 
not always viewed as a bribe. Further, withholding rewards until the end of the process conflicts with the 
goals of engaging a community early. It is possible that if the co-development concept is presented during 
the early phases of the consent-based siting process, it might be construed as a universally available form 
of compensation for host communities. Conversely, if it is announced later in the process, it may be 
negatively perceived as a tactic used to influence stakeholders to help DOE-NE achieve its objectives. 

Sweden used a shared compensation approach that may influence the perception of co-development as 
compensation for both a host community and for process participants and not as a bribe. The “Value 
Added Program” shared compensation between two finalist potential host communities at the 
municipalities’ request. The site that was not selected received 75% of the total compensation (Kari, 
Kojo, and Lehtonen 2021). An approach which compensates non-selected sites recognizes that those not 
selected will likely not receive benefits from a CISF such as increased jobs and revenue (although they 
added to the process), while the selected host community is likely to receive these benefits. 

Ultimately, multiple factors influence whether co-development opportunities are perceived as 
compensation for a community or bribes to unfairly influence a decision. These factors should be 
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carefully studied so that the process can be structured in a fair and equitable manner, and so that 
participants have the information and support needed to freely make decisions. 

2.2 Defining Opportunities and Benefits 
Each community has a unique set of values and needs that determine its interests and priorities for the 
future and help define what constitutes an opportunity or benefit for its stakeholders. For example, as 
evidenced from public comments shared in DOE (2022), some communities are interested in increasing 
(or in preventing decline of) the number of local jobs and the associated income and tax revenue streams. 
These growth-oriented communities may be most interested in opportunities that create new jobs, either 
for existing residents or for in-migrating workers. They may value jobs created by new manufacturing or 
production facilities, or they may favor potentially higher paying jobs created by R&D centers, 
educational institutions, or government facilities or offices. They may welcome the development or 
enhancement of infrastructure (e.g., roadways, railways, utility services) needed to support new 
development on the basis that those improvements may promote other industrial or commercial growth. 

Alternatively, some communities may be averse to such growth and more interested in opportunities that 
would reduce existing financial, environmental, or social burdens or better position the community for the 
future. These communities might be more interested in investments that resolve local infrastructure 
issues, improve utility services, or promote greater energy independence. They might be interested in 
environmentally focused projects that address legacy contamination, restore degraded ecological systems, 
or protect land with cultural, recreational, or scenic values. Or they might be interested in construction of 
or upgrades to facilities, such as schools or medical centers, that improve or enhance citizens’ quality of 
life or health. 

Many co-development opportunities can be structured in a way that directly benefits the IWM Program or 
broader DOE-NE missions. Alternatively, or in addition, some co-development opportunities might 
benefit the missions of other DOE offices and programs or other federal agencies. For example, some 
development opportunities may promote energy efficiency, renewable energy development, energy and 
environmental justice, or missions other than the IWM Program.  Consistent with a whole-of-government 
approach, collaboration with these other agencies or departments could strengthen the value of the co-
development opportunities concept by broadening the array of available opportunities. The type of 
assistance needed by communities to pursue or implement co-development will vary by both the 
opportunity type and community. Potentially, DOE-NE would commit different levels of assistance 
depending on the degree to which the opportunity directly supports its missions. In addition to or instead 
of direct assistance, DOE-NE could play a pivotal role in establishing collaborations with other 
organizations to help pursue an opportunity. Criteria defining the types of opportunities that DOE-NE 
would support and the amount or type of support it would provide should be communicated to 
stakeholders when the co-development opportunities concept is announced. 

2.3 Addressing Equity and Environmental Justice Issues 
The co-development opportunities concept can directly support DOE-NE’s commitment to equity and 
environmental justice. Depending on the community and the needs and interests of specific stakeholders 
within that community, co-development may be a way to avoid, minimize, or offset disproportionately 
adverse impacts on underserved and overburdened populations resulting from CISF construction and 
operations. In this context, co-development would become an impact mitigation measure. Co-
development could also assist a community or specific underserved and overburdened populations by 
addressing inequities unrelated to hosting a CISF that have been incurred as a result of other current or 
past actions. In this context, co-development would be construed more as an incentive than as mitigation. 
In either case, co-development could be instrumental in centering equity and environmental justice in the 
consent-based siting process. Future assessment is needed to understand how CISF siting and specific co-
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development opportunities could contribute to DOE’s Justice 40 implementation goalsc and DOE’s 
Equity Action Plan.d 

2.4 Building Support Beyond a Host Community 
To serve as an incentive for hosting a CISF, a co-development opportunity must generate direct benefits 
to the potential host community. However, consent to host a CISF must be given by all affected parties, 
including those outside of the local community. A lack of consent from all affected parties could become 
a barrier to successfully siting a CISF. Benefits extending beyond the local host community to the county- 
or state-level could reduce broader opposition to locating a CISF at a specific site. The co-development 
could be physically located in or near the host community, but it could conceivably be located elsewhere 
provided that it still directly benefited the host community. Offering incentives to these other stakeholders 
may be an effective strategy for ensuring a successful outcome. 

2.5 Facilitating Community Discussion About Co-Development 
Opportunities 
A fundamental element of the consent-based siting process is the distribution of resources to communities 
and their stakeholders to support informed participation in the process. These resources will take multiple 
forms, including dissemination of understandable, relatable information about the potential effects of 
hosting a CISF. Resources would also include the development of tools to help stakeholders contextualize 
conceptual information and evaluate the tradeoffs between potential beneficial and adverse effects. 
Similar information and analysis tools will be needed to support informed discussions about potential co-
development opportunities. 

Specific aspects that communities will need to consider include: 

• identifying and assessing community interests and priorities that might shape the type of co-
development opportunity that would be of value; 

• evaluating opportunities in the context of existing comprehensive plans to help define the desired 
objectives, scale, location, and other key attributes;e 

• evaluating the potential benefits and adverse effects of potential co-development opportunities in the 
context of the CISF hosting opportunity and the needs of specific stakeholders within the community; 
and 

• developing an agreed-upon set of criteria for making community-wide decisions and achieving 
consent about co-development. 

In addition to relevant information and analysis tools, communities may need direct assistance to facilitate 
discussion and evaluation. This assistance could include supporting public meetings and workshops or 
providing funds to hire planning staff or consultants. This assistance should also be well-coordinated with 

 
 
 
 
 
c https://www.energy.gov/diversity/justice40-initiative 
d https://www.energy.gov/sites/default/files/2022-04/DOE%20Equity%20Action%20Plan_Letterhead.pdf 
e Comprehensive plans can take many forms and individually or collectively establish a vision for the future of a community and 

define actions and timelines for achieving that vision. Typically, such plans are developed through community-wide 
discussion and, therefore, may establish priorities or provide guidelines for evaluating both the CISF hosting opportunity 
and co-development opportunities. 
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other assistance related to consent-based siting of a CISF to maximize stakeholders’ ability to understand 
tradeoffs and articulate their preferences. 

3. POTENTIAL CO-DEVELOPMENT OPPORTUNITIES 
As discussed in Section 2, the type of co-development that would provide an incentive will vary by 
community. To help frame discussions around co-development, Table 1 presents an exploratory but not 
exhaustive list of potential opportunities broken into high-level categories; note that some of the 
categories may overlap. 

Potential benefits and adverse effects related to co-development will vary depending on a project’s design 
and location. These effects can be categorized as follows: 

• Utilities and resource consumption (e.g., water and energy use and/or generation); 

• Environmental effects (e.g., ecology, air, and water); Recreation and tourism impacts (e.g., stigma, 
land use) 

• Socioeconomic effects (e.g., jobs and revenue); 

• Community wellbeing (e.g., housing, public and social services, education, traffic, cultural changes, 
and other aspects of quality of life); 

• Equity and environmental justice impacts (including past, present, and future); 

• Infrastructure effects (e.g., local transportation, utilities, and communication services); and 

• Government benefits (e.g., tax revenue). 

As noted in Section 2.5, in order to consider co-development opportunities, stakeholders will need access 
to understandable, relatable information about the potential effects of co-development projects. In 
addition, they will benefit from access to tools to help them contextualize conceptual information and 
evaluate the tradeoffs between potential beneficial and adverse effects of various co-development 
opportunities. 

While it is most effective for communities and stakeholders to identify their priorities regarding co-
development, providing examples could help them see opportunities they might not otherwise consider. 
This is supported by Nussbaum (2007) who points out that communities considering compensation and 
incentives are influenced by adaptive preferences, meaning that their imagination for potential 
opportunities are often constrained by what is familiar to them. 

During the early phases of consent-based siting, information about CISF siting considerations cannot be 
site- or project-specific and will necessarily be based upon generic facilities and hypothetical or 
genericized locations. Similarly, information about siting co-development opportunities cannot be site- or 
project-specific. However, relevant information can be derived from generic analyses and relevant case-
studies. 

Appendix A provides summaries of available information about siting considerations associated with 
examples of co-development opportunities. The opportunities selected as examples are behind-the-meter 
solar for public buildings, greenspace development, a science and technology park, and small modular 
reactor manufacturing.  These co-development opportunities, representing a diverse set of opportunities, 
were chosen to provide a proof-of-concept demonstration of the type of information that can be derived 
from existing sources.  Such information is used to inform stakeholders about the potential siting 
considerations, such as benefits, adverse effects, barriers, and constraints associated with specific 
opportunities. These examples are meant to be a starting point for conversations and communications 
with stakeholders about co-development opportunities and should not be limited to what is presented 
here. 
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Table 1. Potential Co-Development Opportunity Projects. 

Category Example Project 
Light 
manufacturing 

Nuclear industry 
• Small modular reactor (SMR) component manufacturing 
• SNF storage and transportation canisters and casks 

Non-nuclear industries 
• Renewable energy components (e.g., solar modules, inverters, wind turbine blades) 
• Electronics, appliances, furniture, and other durable consumer products 
• Commercial food production (e.g., dairies, bakeries, canneries) 

R&D Office and laboratory facilities supporting research, development, and/or demonstration of 
new products, technologies, or services in either the nuclear or non-nuclear fields, or both 

Infrastructure 
investment 

Construction, expansion, or modernization of infrastructure systems such as: 
• Energy distribution 
• Water treatment and/or distribution 
• Irrigation 
• Communications 
• Transportation 
• Waste management 

Clean energy 
generation 

Investments in new clean energy generation facilities that support goals to reduce greenhouse 
gas emissions, build energy system resiliency, and promote energy independence, such as: 
• Distributed or centralized renewable energy generation and battery storage 
• SMR operation 

Education and 
training 

Investments in new or existing educational and training facilities, such as: 
• Public or private colleges and trade schools supporting general education and/or 

workforce development 
• Government-funded training facilities 
• Technology upgrades for local primary and secondary schools 

Climate 
resiliency and 
environment 

In addition to investments in clean energy generation, investments in other measures, such as: 
• Energy efficiency 
• Flood hazard mitigation 
• Landscaping improvements (e.g., permeable landscapes, tree canopy, pollinator habitat) 
• Environmental remediation and/or restoration 

Community 
well-being 

Investments in facilities, services, and infrastructure that enhance the health, stability, and 
general well-being of community members, such as: 
• Public health services (e.g., clinics, hospitals, emergency medical services) 
• Affordable housing investment 
• Community centers, parks, and recreation facilities 
• Cultural heritage preservation 

Other economic 
opportunities 

Investments in facilities, services, and infrastructure to promote other forms of economic 
growth, such as 
• Tourism (e.g., museums, ecotours, recreation facilities) 
• Cultural facilities (e.g., museums, performing arts centers) 

Four specific types of co-development, representing a diverse set of opportunities, were chosen to provide 
a proof-of-concept demonstration of the type of information that can be derived from existing sources. 
Further consideration is needed to determine the level of detail that stakeholders would need  to evaluate 
whether co-development would be an effective incentive for hosting a CISF.  Further consideration would 
also be needed to determine the most effective methods for communicating with stakeholders. The 
availability of applicable case study data varies widely depending on the co-development opportunity 
under consideration. For example, because solar installations have gained popularity there is a larger pool 
of knowledge to draw from than an opportunity that is considering small modular reactor manufacturing. 
Prior to presenting the co-development opportunities concept, more analysis should be completed to 
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ensure complete and consistent information is available to communities and stakeholders about the types 
of potential opportunities that may become available. At a minimum, to the extent relevant or applicable, 
information provided to stakeholders about possible co-development opportunities should include 
discussion of potential benefits, adverse effects, barriers, and constraints associated with the following: 

• Utilities and resource use, 

• Environment, 

• Recreation and tourism, 

• Socioeconomics, 

• Community well-being, 

• Equity and environmental justice, 

• Infrastructure, and 

• Government benefits. 

4. RECOMMENDATIONS FOR A CO-DEVELOPMENT 
OPPORTUNITIES STRATEGY 

A comprehensive strategy for implementing and communicating the co-development opportunities 
concept should be developed. The following recommendations are offered for consideration in such a 
strategy. These recommendations are shaped by stakeholder input provided in response to the 2021 RFI 
(DOE 2022), other considerations discussed in Section 2, and the proof-of-concept evaluations presented 
in Appendix A. 

• Co-development opportunities should be presented to stakeholders early in the consent-based siting 
process to maximize their value in generating interest in hosting a CISF. Similarly, they should be 
presented to Tribes early in formal government-to-government consultation process. 

• Communications about co-development should impart a clear message that these opportunities 
represent incentives and/or compensation for hosting a CISF. Messages must counter perceptions that 
these opportunities are bribes intended to induce a community into hosting a CISF when it is not in its 
best interest.  A dedicated literature review in this area could be helpful. 

• Communications should also impart a clear message about the potential opportunities for co-
development to help address equity and environmental justice issues. 

• Communities should be given latitude to define the type(s) of co-development that would align with 
their interests and priorities and, thus, serve as an effective incentive for hosting a CISF. 

• If DOE-NE establishes limits on the type of co-development it will support, it should seek to 
minimize the effect of such limits on community choice and it should communicate such limits at the 
outset when presenting the opportunity to stakeholders. 

• DOE-NE should evaluate opportunities to collaborate with other organizations to embrace a whole-
of-government approach that might maximize the feasibility and impact of co-development. 

• To facilitate community discussions about co-development, relevant information should be shared 
about siting considerations, including potential benefits, adverse effects, barriers, and constraints, 
associated with a broad array of opportunity types. In the absence of specific projects and locations, 
this information should be based on available information, including case studies, other publications, 
and limited new research and analysis. 
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• Information about co-development siting considerations could be shared on a dedicated StoryMap 

which, consistent with other stakeholder siting tools, would provide relevant data and visualization 
tools to help stakeholders contextualize information and assess tradeoffs between options. 
Information also could potentially be shared via the proposed Land-area Identification, Tagging, and 
Exploration (LITE) geospatial data evaluation tool. 

• If needed, DOE-NE should support community efforts to evaluate co-development opportunities. This 
could include supporting public meetings and workshops or providing funding for hiring planning 
staff or consultants. This support could be provided directly to a community, or it could be provided 
through the services of future collaboration centers. 

• Potentially, a future funding opportunity could solicit proposals from communities or collaboration 
centers seeking assistance in pursuing and shaping visions around co-development as an incentive for 
hosting a CISF. 

Next steps for investigating co-development opportunities could include the following: 

• Researching literature and case study experiences related to government-supported incentive 
programs; 

• Defining DOE priorities to establish the (1) scope of co-development opportunities that potentially 
would be supported and (2) the form and extent of support that would be offered; 

• Developing an implementation plan that addresses messaging, timing, mechanism(s) for supporting 
co-development, and potential collaborations with other organizations; and 

• Conducting new analysis of the impacts of different opportunities, developing partnerships and a 
comprehensive strategy with others working on consent-based siting, and exploring options for 
presenting the co-development information in a StoryMap.   
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A-1. Behind-the-Meter Solar for Public Buildings 
A-1.1 Description of the Development Opportunity 
Behind-the-meter solar development refers to a rooftop or ground-mount solar system that meets a portion 
of the energy demand for an individual building (Table A-1(Table A-1) or end use (e.g., agriculture, 
manufacturing, and electric vehicle charging). The solar energy is generated and primarily consumed on-
site, depending on the daytime load pattern. Behind-the-meter refers to the customer side of the electricity 
meter rather than the utility side. Residential solar systems can be considered behind-the-meter, but this 
co-development example focuses on solar systems serving a public need, to maintain focus on benefits to 
the local community rather than individuals. Behind-the-meter solar systems may include battery storage. 
These installations offer multiple benefits, including energy cost savings for public buildings and 
visibility of clean energy within a community. Many U.S. towns and cities are developing 100% 
renewable energy targets for municipal operations (Steinbrecher 2018), and behind-the-meter solar power 
can help meet these targets. 

Planning for the development of behind-the-meter solar installations requires several types of analysis. 
Many municipalities or counties do not have the in-house technical expertise to independently conduct 
these assessments. Therefore, they incur contracting costs. In general, communities would benefit from 
technical support in conducting these analyses. An example of a program aiming to meet this need is a 
nonprofit organization called the Clean Growth Incubator, which is working with the National Renewable 
Energy Laboratory (NREL) on training opportunities in solar modeling software for municipal employees 
(“Webinar Series: Clean Growth Incubator” n.d.). DOE could assist communities with technical and 
social analyses during the planning phases of these projects. 

One type of assessment is a solar modeling process that evaluates the technoeconomic feasibility of the 
proposed project—e.g., the installed capacity of the solar system, the energy generated per annum, and 
the cost savings over the installation’s lifespan. The modeling considers the sufficiency of the space for 
ground-mount solar power (which is typically cheaper than rooftop installations) or the rooftop area and 
orientation. The model incorporates data on the local climate (e.g., solar insolation, sunrise and sunset, 
and cloud cover), on-site electricity demand and electricity costs, time-of-use data (hourly and seasonal), 
cost of financing (interest rate), operations and maintenance costs, taxes, and financial incentives. 

NREL offers three free tools for solar modeling: a cursory assessment tool called PVWattsf and more 
robust tools called REOptg and the System Advisor Model (SAM)h. Numerous more in-depth commercial 
software options are available (e.g., HOMER Proi, XENDEEj). Ideally, this solar modeling assessment is 
conducted with a building energy efficiency audit to identify affordable energy efficiency measures to 
combine with renewable energy generation. For example, if a building’s windows are inefficient and the 
insulation is inadequate, the full potential benefit of solar generation is lost on excess heating and cooling 
costs. 

 
 
 
 
 
f https://pvwatts.nrel.gov/ 
g https://reopt.nrel.gov/ 
h https://sam.nrel.gov/ 
i https://www.homerenergy.com/products/pro/index.html 
j https://xendee.com/ 



 Potential Strategy for Implementing Co-Development Opportunities 
A-4  August 31, 2022 
 

 

In addition to technical analysis, social analysis and a stakeholder or community engagement process are 
needed. Such assessment is often overlooked due to assumptions that the local public will automatically 
favor solar power. While often less contentious than siting a nuclear facility, nearby residents do not 
always accept solar projects (Larson & Krannich 2016). The project implementer should engage the local 
public in siting the system and determining what benefits should be prioritized for the community. 
Analysis related to social acceptance and support could include public workshops, surveys, interviews, 
and local citizen advisory panels. While this work is less technical than solar modeling, it does require 
some expertise in public engagement in energy siting. 

In most U.S. communities, solar installations must be grid-tied. Depending on local utility regulations, 
any surplus electricity that exceeds demand during the day may be fed back into the grid. The rate at 
which the building occupant is reimbursed for this electricity affects the financial feasibility of the 
installed solar system. Public utility commissions across the country are adjudicating this reimbursement 
rate, which ranges from the wholesale rate paid to power plant operators to the retail rate or even a 
subsidized rate (State Government Leadership Foundation 2020). There are often regulatory barriers to 
developing behind-the-meter solar power, such as utility restrictions on the size of the solar installation, 
which can impede the financial viability of projects. 

DOE could be involved in behind-the-meter solar development as a co-development project by offering 
technical assistance in terms of technoeconomic and social assessment, providing grant funding especially 
for battery storage, and funding the deployment of new solar and battery storage technologies to improve 
the technology and reduce its cost. 

A-1.1.1 Case Studies on Behind-the-Meter Solar Development: Overview 
There are numerous examples of behind-the-meter solar systems across the country. The Local 
Government Renewables Action Tracker, maintained by an energy NGO called the Rocky Mountain 
Institute, lists 493 on-site projects or community renewable energy projects (primarily solar power) across 
the country, built between early 2015 and March 31, 2021 (“Local Government Renewables Action 
Tracker” n.d.). Each solar installation is somewhat unique because it is tailored to the needs of the local 
site and community. This section overviews several examples at schools, municipal buildings, public 
housing, and water treatment facilities. 
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Table A-1. Example Locations of Behind-the-Meter Solar Installations Focused on Community-
Scale Benefits (Rather Than Individual or Private). 

Example Locations of Behind-the-Meter Solar Projects 
Community centers 
Municipal office buildings (See Fig. 1) 
Parks & recreation facilities  
Police/fire stations 
Fish hatcheriesk 
Convention centers 
Libraries 
Affordable housing projects 
Homeless shelters 
Parking structures 

A behind-the-meter ground-mount solar system at a municipal building in Meridian Charter Township, 
Michigan (Fig. A-1) is surrounded by pollinator-friendly vegetation. This 20-kW system provides a 
portion of the building’s electricity needs. The building (not pictured) is directly behind the installation. 
The modules are visible to local citizens from a busy traffic intersection. The installation counts toward a 
township goal of 100% renewable energy by 2035. The township also has existing or in-progress behind-
the-meter solar installations at a fire station, farmers’ market pavilion, police building, and service center 
(Zhuravel 2018; “Solar” n.d.). 

Figure A-1. A behind-the-meter ground-mount solar system at a municipal building in Meridian 
Charter Township, Michigan. (Photo by Sharlissa Moore.). 

 

 
 
 
 
 
k The Oden Fish Hatchery in Michigan consumes 1,500 MWh of electricity each year. A 650 kW ground mount solar installation 

was completed in late 2020 to cover part of this demand. 
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A community interested in a co-development project associated with a CISF might favor behind-the-
meter solar projects located at schools because of their cost-saving benefits to an important public service. 
The Kildeer Countryside School District 96 in Long Grove, Illinois, has a 100-kW solar project 
completed in fall 2020. The ground-mount solar system covers three acres and meets 92% of the Country 
Meadows/Woodlawn campus’ electricity demand. The project cost $3.7 million and reduced the district’s 
electricity bills (Journal Staff 2020). Adjacent landowners opposed the project because they perceived it 
detracted from the area’s rural aesthetic (“Solar Field Dispute Pits School District vs. Long Grove Horse 
Farm Owners, Residents” 2019). This illustrates the importance of social analysis for these sites. 

Another example of behind-the-meter solar power serving a school is the Goshen Community Schools 
solar project at Model Elementary and Prairie View Elementary in Goshen, Indiana. The district pursued 
solar power to reduce its electricity bills (Kline 2019). The district worked with an Energy Service 
Company (or ESCO) called Performance Services, which specializes in solar and energy efficiency for 
school districts. In addition to renewable energy generation, the project included energy efficiency 
upgrades, improving temperature controls, and correcting uncomfortable temperatures impeding learning 
(Wede n.d.). Efficiency and cost-saving measures included new air handling units with digital controls, 
new refrigerants for cooling systems, high-efficiency boilers, chiller replacement, LED lighting, dual-
pane windows, and new water heaters. Additionally, Performance Services installed two ground-mount 
solar arrays at Model and Prairie View Elementary Schools, totaling 795 kW at a cost of $1.7 million 
(Kline 2019). Between the efficiency and clean energy initiatives, Performance Services estimates the 
district will save over $1 million per year (Wede, n.d.). 

There are numerous examples of solar projects serving local government buildings and emergency 
services. A local government considering consenting to a CISF might favor such a project as a co-
development opportunity that benefits the local government and the taxpayers by reducing the cost of 
electricity at municipal buildings and potentially increasing the resilience of essential community 
services. 

The Bronzeville Solar microgrid in Chicago, Illinois is a 750-kW AC solar array with 500 kW of battery 
storage plus electric vehicle charging, backup natural gas combined heat and power generators, and 
advanced grid control systems. The project also includes public Wi-Fi and LED streetlights (“VLV 
Development Completes 1.1 MW Solar Facility Serving Bronzeville Public Housing” 2020). The 
Department of Energy supported the project with $4 million in grants (EERE n.d.). The total project cost 
is $25 million (St. John 2022). The microgrid is in a community of color on the South Side of Chicago. It 
features resiliency benefits, particularly since the Bronzeville microgrid will be connected to an existing 
microgrid at the Illinois Institute of Technology. The microgrids can “island” or disconnect from the grid 
during a storm or cybersecurity event (Henderson 2020). The microgrid powers several services, 
including a Chicago Police and Fire Department headquarters, a public library, a public housing 
development (Dearborn Homes Community housing 600 residents), and a nursing home. It also provides 
electricity to several educational organizations: a military high school (Chicago Military Academy at 
Bronzeville), a charter school (Perspectives, Illinois Institute of Technology Math & Science Academy), 
the Illinois College of Optometry, and a private school (De La Salle Institute). The project is a partnership 
between ComEdison and VLV Development, a Black- and Veteran-owned and operated development 
company, which employed local workers to construct the grid (EERE n.d.).l 

Another option is the development of behind-the-meter solar power to support public housing—the 
administrative costs associated with public housing or reduction in electricity bills for public housing 

 
 
 
 
 
l See video on EERE website. 
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residents. This can support local or federal (U.S. Dept. of Housing & Urban Development) government. 
Most gains of behind-the-meter or distributed solar power have not accrued to low-income residents, 
representing inequities in the deployment of clean technology (Gao and Zhaou 2022; Reames 2020; 
Miller et al. 2015; Sunter et al. 2019; Womble 2022). 

Boulder Housing Partners (BHP)—the housing authority for the city of Boulder, Colorado—is a national 
leader in using behind-the-meter or community solar power deployment. BHP is a member of DOE’s 
National Community Solar Partnership, Multifamily Affordable Housing Collaborative (Stewards of 
Affordable Housing for the Future 2022). BHP has multiple projects reflecting several different models: 
behind-the-meter rooftop solar power for residents and administrative buildings and community solar 
power for residents. These different solar models total 2.6 MW of installed capacity or 40% of BHP’s 
energy demand (“Boulder Housing Partners: Solar at BHP” 2022). 

BHP has deployed rooftop, behind-the-meter solar in the following applications: 

• Rooftop solar on public housing: Half of BHP’s 37 properties are served by rooftop solar installations 
that reduce residents’ electricity bills (“Boulder Housing Partners: Solar at BHP” 2022). For example, 
BHP recently installed an 81-kW solar array that supports an energy-efficient 35-unit housing 
complex (Palo Park) with electricity and EV charging (BHP 2018). 

• Rooftop solar for administrative building: With support from DOE funding from the Resilient Energy 
Delivery Infrastructure initiative, BHP has also installed solar modules on their office building 
headquarters, including battery storage, electric vehicle charging, a natural gas generator, and smart 
controls (“Boulder Housing Partners” n.d.). The project cost $143,476. 

BHP has also installed community solar: 

• Community solar: BHP also has five ground-mount community solar gardens, which are not all 
located on the same site as their housing projects and are not behind-the-meter. Community solar has 
advantages for some low-income housing stock, which does not always have rooftops suitable for 
supporting solar systems (Longo Better 2022). Through BHP’s community solar projects, residents 
are subscribed to a solar program, reducing their electricity bills even though the electricity itself 
simply feeds into the grid (Stewards of Affordable Housing for the Future 2022). 

One of BHP’s recent solar projects, built in 2020 by a nonprofit called GRID Alternatives, is a 21-kW 
solar garden on 3.8 acres supported by American Recovery and Reinvestment funds (BHP 2020). The 
organization specializes in installing solar projects for affordable housing organizations and low-income 
residents. GRID Alternatives employed tribal construction workers who had been affected by the 
COVID-19 pandemic. BHP anticipates that the project will save $647,237 over 20 years, which the 
organization will use to reduce operating expenses and lower some residents’ utility bills.  

While solar projects for affordable housing offer numerous advantages for social equity, barriers such as 
lack of trust, linguistic isolation, and administrative burdens can hamper residents’ participation 
(Stewards of Affordable Housing for the Future 2022). Careful planning is needed to avoid such pitfalls. 

Municipal water treatment facilities offer another siting option for behind-the-meter solar installations 
that provide community-wide benefits. The City of Plano, Illinois’ 1.1 MW solar system built in 2019 
supports its water treatment plant. Funding from Illinois state’s Adjustable Block Program under the 
Future Energy Jobs Act supported the project (“City of Plano Solar Farm ‘Energized’ and Fully 
Operational” 2021). Sixty-five percent of the electricity covers the municipal water treatment plant’s 
operations. The project is expected to reduce carbon dioxide emissions by over 8,484 metric tons. The 
system is partly rooftop and partly ground-mount, located on previously vacant land next to the water 
treatment facility. The behind-the-meter system is also grid-tied. It will result in energy cost savings and 
will provide 1,600 Solar Renewable Energy Credits annually (“The Plano Project” n.d.). 
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Behind-the-meter solar installations at water treatment facilities can offer opportunities for dual land-use 
if the arrays are sited on the water. Solar company Ciel et Terre developed Windsor, California’s 1.8 MW 
floating solar array on four acres of one of the town’s water treatment ponds (Borja 2022). It provides 
electricity to the water treatment facility, formerly the source of 45% of the town’s greenhouse gas 
emissions, and to the town’s public works building (ibid.). The city expects to save $175,000 annually 
from the installation. 

 The solar company White Pine Renewables completed the Healdsburg Floating Solar Project in 2021 at a 
wastewater treatment facility in Sonoma County, California. The facility processes raw sewage into clean 
water for irrigation (City of Healdsburg 2021). The solar array floats on two wastewater treatment ponds. 
Land availability is limited and expensive in the county because most of the land is used to grow grapes 
for the wine industry. Floating solar is more expensive but has the added benefit of reducing algal growth 
and evaporation. Reducing the algal growth improves the water quality for irrigation of the vineyards. 
The partnership with a private company enables taking advantage of the federal tax credits. The solar 
installation provides 8% of the city’s electricity needs (ABC7 2022). 

The following sections use examples from the case studies to discuss the costs and benefits of behind-the-
meter solar installations that might be experienced by a local host community. 

A-1.2 Utilities and Resource Use 
Behind-the-meter solar installations provide electricity that benefits public services. When paired with 
building energy efficiency measures, such projects can reduce energy demand while meeting the 
remaining demand with clean energy. 

Water use for solar photovoltaics is lower than most energy technologies. In dusty climates, some water is 
used for washing the panels and spraying the ground to reduce module soiling, ensuring that dust does not 
significantly reduce the electricity generation (Hernandez et al. 2014). For monocrystalline solar modules, 
Fthenakis and Kim (2010) estimate the average water usage is 0.019 m3/megawatt hour. In less dusty 
areas (with high rainfall or vegetation that reduces dust), module washing may be unnecessary. 
Photovoltaic production requires some water consumption; for example, the silicon wafers and glass must 
be washed during the production process (Fthenakis and Kim 2010). This lifecycle water usage varies 
based on technology type (e.g., monocrystalline versus cadmium telluride modules). 

A-1.3 Environment 
Solar microgrids and behind-the-meter solar power decrease CO2 emissions. For example, the Blue Lake 
Rancheria Tribe’s microgrid in California is estimated to reduce greenhouse gas emissions by 200 tons 
per year and saves the Tribe $200,000 per year in utility costs (Wilson, 2020). Additionally, the 
Bronzeville microgrid is reducing greenhouse gas emissions not just through clean energy but also 
through related energy efficiency measures (ComEd n.d.). 

Solar generation is low carbon during the manufacturing and generation phases. Overall, NREL estimates 
from combined greenhouse gas emissions studies in the literature that solar PV emits approximately 40 
grams per CO2 equivalent per kWh, compared to 1,000 for coal (NREL 2013). Most (60—70%) of this is 
emitted in the manufacturing stages (ibid.). Another environmental consideration is the disposal of the 
modules at the end of their 25-to-40-year lifespan. By 2050, the waste stream for solar modules is 
anticipated to be between 60 and 78 metric tonnes (Weckend, Wade, and Heath 2016). While more 
research is needed, the existing scientific literature indicates that there are limited issues with solar 
modules leaching into landfills (Sinha et al. 2020). The concerns vary by solar technology, with some 
concerns related to leaching of lead from crystalline silicon modules that use lead solder and pastes 
(Collins and Anctil 2017). Recycling of modules is costly because they are encased in tempered glass, 
impeding access the raw materials (Sinha et al., 2020). Module recycling is uncommon in the U.S. 
However, the E.U. requires companies to cover the costs of recycling upfront (Weckend, Wade, and 
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Heath 2016), and some U.S. states are considering similar legislation (Habib 2017; “Solar Panels” n.d.). 
Project implementers can alleviate concerns that the modules will not be removed from the solar site at 
the project’s end by requiring a decommissioning plan and placing decommissioning costs in escrow 
upfront. 

Local environmental effects from solar power depend on the type of land used e.g., greenfield, 
brownfield, rooftop, or floating. Greenfield projects can have some adverse effects on wildlife habitats, 
although these effects can be mitigated through initiatives such as using wildlife fencing (which does not 
increase project costs), improving vegetation under the arrays, and adding bird perches (Aman et al. 2015; 
Hernandez et al. 2014; Moore-O’Leary et al. 2017). Brownfield projects avoid consuming wildlife habitat 
and reuse land. Still, they are typically higher cost. (Spiess and de Sousa 2016). Floating solar PV avoids 
consuming land that could be developed for other purposes and can reduce algae growth and evaporation. 
However, it is more expensive than a ground-mount system and could affect aquatic life and interfere 
with recreational uses or aesthetic values of the aquatic environment (Armstrong et al. 2020). 

A-1.4 Recreation and Tourism 
For ground-mount solar installations, numerous creative opportunities are available to beautify the space 
and add recreation opportunities. For example, the 750-kW Solar Strand project at the University of 
Buffalo, which is part art and part energy generation, features walking paths through the solar arrays (Hill 
n.d.). The modules are arranged in the shape of a strand of DNA. People walking on the paths are invited 
to look up at the tallest arrays, which have the effect of an infinity pool (Hill n.d.). The project provides a 
direct, interactive experience with clean energy generation and is designed to make the university’s 
commitment to sustainability visible. Such a project could attract visitors and put the CISF host 
community on the map for reasons aside from spent nuclear fuel storage, alleviating stigma. If the host 
community is situated along an interstate, billboards could advertise the project, which could be located 
near restaurants and other businesses to generate induced economic benefits. 

An array with a standard layout could also offer recreational opportunities. In addition to walking paths 
through the arrays, the land around the array could be improved. In a project being planned in Lansing, 
Michigan, a large grassy field next to a community center will feature a solar array with improvements to 
the adjacent grassy space such as dog relief stations and playground equipment (Figure A-2). The nearby 
track, which the community uses frequently, needs repairs and will be resurfaced. In addition, 
aesthetically appealing landscaping, pollinator plantings, or even fruit or vegetables can be grown under 
the arrays to improve aesthetic benefits. For example, Jack’s Solar Garden in Colorado is a 1.2 MW solar 
installation where crops are being grown under the arrays (Jack’s Solar Garden, LLC n.d.). 

Figure A-2. Lansing, Michigan Southside Community Center, area with planned ground-mount 
solar project and improved recreational space. Photo by Sharlissa Moore. 
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A-1.5 Socioeconomic 
Providing direct revenue by reducing the cost of electricity for local government and other community 
services is the most apparent benefit of behind-the-meter solar projects. With the falling cost of solar 
power in recent years, these projects pay themselves off even in cloudy regions of the country (Bazilian et 
al. 2013). For example, the Kildeer school district project in Illinois will save $6 million in utility costs 
over 20 years and $9 million over 30 years (Shields 2019). Furthermore, the district values the consistent 
energy rates for financial planning and increased operational funds (ibid.). The project and building 
energy efficiency initiatives at the Goshen Schools in Indiana are expected to save the school district over 
$1 million per year (Wede, n.d.). 

Public entities and nonprofit organizations cannot take advantage of the tax credits associated with solar 
development. Therefore, most of these entities contract with a private company to develop the system and 
reap the financial benefits through a lower electricity rate. In some jurisdictions, utility rebates and 
renewable energy credits are available (KCSD District 96, 2021). DOE would likely want to institute a 
public-private partnership to proceed with this co-development opportunity. 

Overall, in 2020, there were 317,000 solar workers in the United States, with 165,000 in construction, 
49,700 in pro services, and 41,900 in manufacturing (U.S. Department of Energy et al. 2021). Job 
creation for small solar projects is unfortunately limited, with some construction or installation jobs and 
few operations and maintenance jobs (Solar Energy Industries Association et al. 2021). Construction 
typically only takes several months. Ideally, the developer would hire local electricians and other trades to 
maximize local benefits. For this type of solar development, creating sustained job opportunities would 
require building multiple projects within a region. This could include rooftop installation, as often 
companies that develop behind-the-meter solar projects also sell residential systems. Of U.S. solar 
installation jobs, 55% are residential, and 8% are for community solar (including behind-the-meter) 
(ibid.). 

Other workforce development opportunities may include hands-on learning and training opportunities at 
established solar sites and increased career pathway visibility in the community. Even though solar may 
not provide sustained jobs during the construction and operations and maintenance phases, a local 
organization or school may be able to leverage the site to enhance their job training programs. As an 
example, the developer for the Bronzeville microgrid project received state funding through the Illinois 
Future Jobs Act by incorporating training for 35 solar workers (Cohn 2019). 

A-1.6 Community Wellbeing 
Behind-the-meter solar power at municipal buildings or within a neighborhood can improve grid 
resilience through peak shaving (i.e., supplying electricity from solar power during hours of peak 
demand) or battery storage. During off-peak hours of demand, surplus electricity generation from solar 
power (or other sources) charges the batteries for use during on-peak hours of demand or outages. While 
solar power is economically feasible, the addition of battery storage and microgrid capabilities typically 
requires grant money or charitable contributions. Additionally, technoeconomic analysis is needed for the 
planning and design of the microgrid (Lu et al. 2015). 

The Urban Sustainability Directors Network defines community resilience hubs as “community-serving 
facilities augmented to support residents, coordinate communication, distribute resources, and reduce 
carbon pollution while enhancing quality of life” (http://resilience-hub.org/). An example would be a 
solar and battery installation at a community center that serves as a heating or cooling center for residents 
during a power outage. Residents could also use the electricity for refrigerating medication, operating 
medical devices, and charging cellular phones. During a disruption, hubs could also provide childcare, 
housing for pets, potable water filing stations, mental and physical health resources, and baby formula and 
food storage (“Core Components” 2019). A hub could also focus on first responder services, such as fire 
and police, as well as a 9/11 dispatch center (ibid.). In Northern California, a $6.3 million solar-powered 
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microgrid run by the Blue Lake Rancheria Tribe at the Blue Lake Casino and Hotel provided essential 
services to a rural area during a power outage caused by wildfires (Wilson 2020). The services included 
housing for eight critical care patients, a makeshift newsroom for the local newspaper, and other services 
that benefited an estimated 10,000 residents (Wilson 2020).m Additionally, the Boulder Housing Partners 
office building solar and storage installation was built for after the 2013 flooding to avoid future outages 
(Clean Energy Partners, n.d.). 

The Bronzeville project, supported by DOE’s Office of Electricity Delivery and Energy Reliability, 
focused explicitly on resilience gained through battery storage and the connection of two microgrids that 
can island (disconnect) from the centralized grid during disruptions. DOE’s program objectives include 
reducing outage times, lowering emissions, and improving system energy efficiency (Lu et al. 2015). The 
project extends beyond a single building across several neighborhoods and a college campus in the south 
side of Chicago (Lu et al. 2015). The National Center for Disaster Preparedness led a desktop training 
exercise for the Bronzeville microgrid focused on a scenario in which a derecho (or inland windstorm) 
followed by extreme heat and humidity caused widespread power outages. They found that benefits 
included maintaining first responder operations, running emergency shelters, and enabling businesses to 
provide critical resources and avoid significant negative economic impacts (Schlegelmilch et al. 2021). 
Community and government participants noted that they needed more education and training to 
understand how to maximize use of the microgrid’s capabilities (ibid.). 

Solar at school sites provides educational benefits. For example, the Kildeer district is incorporating the 
project into their STEM curriculum ( KCSD District 96, 2021). Signage can provide overall public 
education including educating people about how solar energy works or tracking the output of the solar 
installation and greenhouse gas emissions avoided (Semmler 2021). 

Figure A-3. An example of an educational sign at a community solar installation in Detroit, 
Michigan. Photo by Sharlissa Moore. 

 

 
 
 
 
 
m The project was funded with a $7.5 million award from the New York Power Authority. It opened in 2013 and was designed by 

architect Walter Hood from the University of California, Berkeley (University at Buffalo Libraries n.d.) 
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As discussed in the case study description, the Boulder Housing Partners’ projects and the Bronzeville 
Microgrid focused partly on reduced utility bills for public housing. Over the project’s lifespan, the 
Chicago Housing Authority is expected to save $800,000 from a 1.1 MW solar installation (“VLV 
Development Completes 1.1MW Solar Facility Serving Bronzeville Public Housing” 2020). 

Artwork can be incorporated into behind-the-meter solar installations. For example, at the Kildeer School 
District, art teachers led 32 young artists in drawing Illinois Prairie animals that are screened onto 100 
modules (Kildeer, 2021). Partnerships between children and adult artists can draw increased attention to 
the multi-generational aspects of clean energy and sustainability. 

The Bronzeville microgrid includes a solar-powered pyramid made by the artist “Shala.,” a Nigerian 
American artist who lives in Chicago (D’Souza n.d.). The pyramid focuses on renewable energy 
awareness and the cultural prominence of Bronzeville, known as Chicago’s Black Metropolis (ibid.). The 
project’s construction included students of color, who learned about STEM through the arts. The 16-ft 
pyramid consists of solar panels and solar-powered lighting. It is permanently on display in Gallery 
Guichard’s Great Migration Sculpture Garden in Bronzeville. The solar electricity will cover the cost of 
the installation over time and generate revenue for community improvement (ibid.). 

A-1.7 Equity and Environmental Justice 
Significant racial and ethnic inequities exist in access to solar power across the United States (Sunter, 
Castellanos, and Kammen 2019). The Bronzeville project stands out as supporting a community where 
three-quarters of residents are Black. The neighborhood is known as Chicago’s Black Metropolis because 
of its history as “an economic and cultural hub” for the African American community (“Bronzeville: The 
‘Black Metropolis’ of Chicago” 2020). The neighborhood has a higher unemployment rate, lower income, 
and less retail availability than the rest of Chicago (“Bronzeville Context” n.d.). Chicago-based VLV 
Development, a Black and Veteran-owned business, worked with local community members initially 
opposed to the project to incorporate a mural called “The Renaissance” on the battery storage units 
(which some community members found unsightly). The mural focuses on the neighborhood’s history 
and future, incorporating African American iconic figures, such as Ida B. Wells (“New Mural Tells the 
Story of Bronzeville” 2020). The focus on powering public housing adds an equity dimension to the 
project (Cohn 2019). VLV received state funding through the Illinois Future Jobs Act by incorporating 
training for 35 solar workers (ibid.). The included electric vehicle charging is partly for a rideshare 
service that provides residents of a senior housing facility with low-cost rides to local stores (Henderson, 
2020). 

Overall, behind-the-meter solar projects can improve social equity through a variety of measures 
including hiring local workers and companies owned by people of color or indigenous people, reducing 
electricity bills for low-income residents, alleviating electricity bills for municipal services to benefit 
taxpayers, improving resilience for underserved neighborhoods, and integrating the installation into the 
history and fabric of the community through artwork and other design features. 

A-1.8 Government Benefits 
With planning, behind-the-meter solar offers various benefits to federal government missions. 

• Solar for low-income housing or municipal government services could support Justice40 goals if the 
CISF is developed in a community that CEQ’s Climate and Economic Justice Screening Tool 
identifies as underserved. 

• DOE’s Office of Electricity Delivery and Energy Reliability and the Resilient Energy Delivery 
Infrastructure initiative: The office funded the Bronzeville microgrid to meet its mission of ensuring 
the delivery of secure, resilient, and reliable electricity (https://www.energy.gov/oe/office-electricity). 
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• EERE’s/SETO’s National Community Solar Partnership, Multifamily Affordable Housing 

Collaborative supports the development of community solar power, including for public housing 
(https://www.energy.gov/communitysolar/community-solar). 

• Behind-the-meter solar power meets the goals of Executive Order 13990 “Protecting Public Health 
and the Environment and Restoring Science to Tackle the Climate Crisis, which calls for federal 
agencies to evaluate their recent actions related to climate change and to prioritize reducing climate 
change impacts and address EJ where the federal government has failed in the past. 

• Behind-the-meter solar power that meets the needs of local communities fits into the mission of the 
new DOE Office of Clean Energy Demonstrations, which is focusing on place-based energy 
innovation, intertwining clean energy and energy justice goals (https://www.energy.gov/office-clean-
energy-demonstrations). 

The benefits to local government center on cost savings for utility bills, meeting renewable energy goals, 
and the prestige of advancing renewable energy (many of the projects discussed here have won awards). 
The benefits of meeting renewable energy goals and prestige also accrue to the state level. 

A-2. Greenspace Development 
A-2.1 Description of the Development Opportunity 
Greenspace development is a broad category that includes a range of environmental outcomes and 
improvements such as ecological restoration, wildlife habitat restoration, ecosystem services 
enhancement, recreational access, land conservation, and more. Selected case studies have been assessed 
that illustrate a range of potential co-development opportunities in the “greenspace development” sector 
for communities hosting a CISF and potential impacts within the following sub-categories; although 
opportunities in this space are vast and will depend upon the priorities of the community (or 
communities) in which they are implemented, as well as available resources such as available workforce, 
training programs, and supply chain. 

A-2.2 Utilities and Resource Use 
The cases presented in this section did not make direct connections between greenspace development and 
resource use; however, environmental improvements, such as floodplain restoration, offer clear benefits 
to water use and water quality (Watson et al. 2016). Additionally, place-based design of renewable energy 
projects has the potential to enhance natural capital by envisioning multifunctional landscapes that 
prioritize clean energy infrastructure and environmental resilience, thus contributing in multiple ways to 
local value for rural communities (O’Neil et al. 2022). Conservation and resource use are often perceived 
as conflicting, but recent analyses highlight the potential for complementarity between renewable energy 
design and conservation objectives (Jager, Efroymson, and McManamay 2021). Greenspace development 
in rural communities as part of a consent-based siting process may offer unique opportunities to 
demonstrate innovative clean energy design as part of the natural landscape. 

A-2.3 Environment 
Greenspace development supports the enhancement of ecosystem services, which contribute to 
community well-being (Summers et al. 2012). Opportunities for greenspace development, especially in 
the form of conservation or habitat restoration, can enhance available ecosystem services. For example, 
restored wetlands and floodplains can mitigate flood damage along rivers for downstream communities, 
as well as provide habitat for wildlife, enhance recreational opportunities, and improve water quality, as 
demonstrated in the case of Otter Creek, Vermont (Watson et al. 2016). Following the Otter Creek 
floodplain restoration project upstream of Middlebury, VT, an economic analysis determined that the 
restored floodplain mitigated peak discharge from Tropical Storm Irene in 2011 and saved the town over 
$1.8 million in damages. Continual monitoring has found the annual value of flood prevention services of 
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the restored riparian landscape to range from $126,000 to $450,000, illustrating the socioeconomic and 
environmental value of ecosystem services. Further, community members tend to place a high value on 
ecosystem services and prioritize conservation objectives when presented with a diversity of development 
options (Mueller and Tickamyer 2020). 

A-2.4 Recreation and Tourism 
Greenspace development contributes directly to recreation and tourism by providing land access 
opportunities and supporting jobs for maintenance, management, and land enhancement activities. 
Additionally, outdoor (and especially nature-based) recreation can lead to greater place attachment and 
positive affiliation with local landscapes (Kyle et al. 2003). For example, recreational and tourism 
concerns were highly prioritized in a collaborative, community-based development project in rural 
Colorado (Garfield Legacy Project 2012). Residents of rural Garfield County, CO, were invited to 
participate in a strategic conservation and economic development assessment, which found that residents’ 
values and concerns for development priorities emphasized actions that would enhance working farms 
and ranches, support recreation tourism, preserve open lands around communities, conserve water 
supplies, enhance trail systems, and protect wildlife habitat. 

Moreover, recreation and tourism are integral public resources that enhance the quality of life for rural 
residents and visitors alike (Pedlar 1996). This is especially important during times of uncertainty and 
stress, such as that experienced during the Covid-19 pandemic beginning in 2020. Rice et al. (2020) 
observed drastic reductions in frequency of outdoor recreation participation and distance traveled for 
recreation in response to Covid-19 related restrictions. However, urban residents exhibited much greater 
changes in recreation behavior than rural residents, illustrating the importance of available greenspace for 
recreation and the need for nature-based coping mechanisms to alleviate psychological and physiological 
stress (Powell, Thomsen, and Allen 2013). 

A-2.5 Socioeconomic 
Greenspace development, when paired with socioeconomic monitoring, can highlight connections 
between ecosystem services and economic benefits that are often unaccounted for by traditional economic 
metrics. Additionally, the outdoor recreation economy has been valued at more than $400 billion annually 
(Bureau of Economic Analysis 2017), the benefits of which accrue to local communities in myriad ways 
that are difficult to measure. 

For instance, a large, collaborative restoration project of an ecologically damaged oyster reef on the gulf 
coast, TX, led to a multi-tiered study on the social, economic, and ecological impacts resulting from 
restoration of the damaged reef (Carlton, Ropicki, and Balboa 2016). After the successful completion of 
the restoration project, there has been enhanced commercial harvesting of oysters, greater coastal 
resilience, increased recreational fishing, and increased marine biodiversity. Additionally, anglers using 
the reef for fishing have added $691,000 to Texas' GDP annually and generate over $1.2 million in 
economic activity. The reef supports several new jobs with $465,000 in annual labor income (Carlton, 
Ropicki, and Balboa 2016). 

This case illustrates an integrated approach to environmental restoration and socio-economic monitoring 
that can be applied to co-development opportunities in the consent-based siting context. Restoration 
projects such as this can be critical to the future of rural and/or coastal landscapes and livelihoods and are 
likely to be highly valued by community members. 

A-2.6 Community Wellbeing 
Community wellbeing is a multidimensional construct with indicators that span several social, cultural, 
economic, and psychological domains (Christakopoulou, Dawson, and Gari 2001). In the context of 
greenspace development, wellbeing might be considered as socio-ecological assets that contribute to the 
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resilience of a community. In that sense, the value structure and priorities of a community in relation to 
proposed development might provide a measure of community wellbeing (Cavaye 2001).  

Greenspace development in rural communities should consider ways in which conservation and economic 
development priorities can be “value-stacked” to create multiple benefits for communities that align with 
their values for social and environmental outcomes, thus improving community wellbeing. Understanding 
the socio-demographic composition of the community is likely important when determining which 
opportunities are most relevant. Knowing the primary economic drivers (e.g., resource extraction-based 
vs. recreation, tourism, or other service-based, etc.), the age structure of the community, and the relative 
proportions of long-term residents to newer residents will help determine how to approach economic or 
environmental development goals (Ulrich-Schad et al. 2022). Additionally, knowledge of the financial 
(in)security of individuals and the community as a whole can help better predict preferences for 
environmental and economic development opportunities. 

It is important to note, however, that focusing on outcomes alone is likely to be an unsuccessful approach; 
In a study of rural Pennsylvania residents, support for community development opportunities (including 
renewable energy and outdoor recreation) was strongest when residents perceived that the development 
would have positive impacts in the community, when they had greater trust in the industry to do the right 
thing, and when they had some level of agency during the decision-making process (Mueller and 
Tickamyer 2020). 

Greenspace development projects are unlikely to have significant impacts on emergency services, traffic, 
and housing, all of which affect the livability of a community. However, there may be benefits in other 
areas. Schools and students may have access to new nature-based learning opportunities. Public health 
and mental health may be supported with improved access to nature, parks, and recreation areas. A 
project which addresses hazards such as flooding improves a community’s resilience to weather events. 

A-2.7 Equity and Environmental Justice 
Experiences in nature provide people with multiple physical, mental, and social benefits (Kellert et al. 
2017; Louv 2008; Holland et al. 2018). Those benefits, however, are not allocated equally to all 
communities. Outdoor recreation research has established that people of color are less likely to use parks 
and recreation facilities or conservation areas and have fewer opportunities to engage in leisure pursuits 
(Lee, Casper, and Floyd 2020; Outdoor Foundation 2020). There are multiple opportunities through 
greenspace development to enhance equitable access to benefits derived from ecosystem services, natural 
amenities, outdoor recreation, parks and recreation facilities, etc. This might be accomplished by 
inclusive programmatic design, youth programs, segmented communication efforts tailored specifically to 
audiences of diverse cultural and ethnic backgrounds, prioritizing diversity, equity, inclusion, and justice 
initiatives at the administrative level, and conducting research and monitoring to determine the best ways 
to facilitate broader demographic usage of greenspace. 

A-2.8 Infrastructure 
Infrastructure improvements might result from development of greenspace by improving public access to 
conservation areas, trail development, improved roads to accommodate increased visitor pressure, and 
park signage or other miscellaneous infrastructure improvements that facilitate positive visitor 
experiences (e.g., boat ramps, pavilions, restrooms, campgrounds, etc.). 

A-2.9 Government Benefits 
Greenspace development opportunities have a high potential to align with federal, state, and local 
government missions. Federal opportunities include alignment with objectives of the Justice40 Initiative 
and other environmental justice efforts laid out by the Biden administration (White House 2021). 
Ecosystem services delivered by restored or conserved habitat near host communities helps mitigate 
potential damages stemming from a changing climate, and careful development of greenspace can help 
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ensure that the immediate benefits of access to nature as well as the long-term social and ecological 
impacts from fighting climate change are allocated to underserved communities. Additionally, greenspace 
development may qualify host counties as “recreation counties”. The U.S. Department of Agriculture’s 
Economic Research Service has detailed analyses on recreation counties and the associated benefits (e.g., 
increased in-migration, higher incomes, varied economic benefits, etc.) of the recreation county 
designation (Headwaters Economics 2019). 

At the state and local level, various initiatives exist across the country to grow the outdoor recreation 
economy. According to the Outdoor Industry Association (2019): “To date, 16 states have created offices 
of outdoor recreation, task forces, or policy advisors to serve as the state lead in bolstering economic 
development and the outdoor recreation economy; promoting health and wellness; ensuring conservation 
and stewardship of public lands and waters; educating and engaging children in the outdoors; and serving 
as a point of contact to the businesses, stakeholders and different levels of government that care about the 
outdoor recreation industry”. 

A-3. Science and Technology Park 
A-3.1 Description of the Development Opportunity 
Science and technology parks (STPs) are typically developed with the objective of facilitating research, 
manufacturing, and start-up incubation. Businesses are located in close proximity to one other and benefit 
from cross-pollinating of innovative ideas, collaboration, and cost savings. Often an STP is affiliated with 
a university (in the case of Tecnocampus in Spain, Research Triangle Park in North Carolina, and 
Stanford Research Park in California) or with a government mission (as in Sandia Science & Technology 
Park affiliated with Sandia National Laboratories, or a proposed technology park in Italy in conjunction 
with a radioactive waste disposal site). These parks have emerged around the world advertising benefits 
such as increased economic development, faster innovation, and a better quality of life. For these reasons, 
co-locating government and/or university facilities with private industry may be an attractive co-
development opportunity for a community seeking sustainable long-term growth. 

A few case studies were selected as examples illustrating the science and technology park co-
development opportunity. One case study involves co-development of a science and technology park 
alongside a national disposal facility for radioactive waste in Italy. While this project is still in the 
planning phase and has not yet been sited, the facility design documents shed some light on how a science 
and technology park might influence the local environment, resource use, recreation and tourism, and 
impacts in other areas. 

Another relevant case study used to illustrate impacts is and economic impact assessment of Sandia 
Science & Technology Park, located in Albuquerque, New Mexico. The Park is associated with Sandia 
National Laboratories (SNL) and is near Kirtland Air Force Base. An economic impact assessment of the 
Sandia Science & Technology Park (SS&TP) is conducted every 2 years by the Mid-Region Council of 
Governments at the request of the City of Albuquerque (Kolberg 2020). The most recent assessment, 
completed in 2020, reports direct and indirect socioeconomic impacts such as jobs and revenue; 
community wellbeing considerations like housing, schools, and parks; infrastructure improvements; and 
government benefits. 

Still other case studies and analysis are used to fill in additional detail on different ways STPs might be 
positioned to benefit a community, such as research on the impacts of Tecnocampus in Spain (affiliated 
with Pompeu Fabra University) which promotes business incubation and entrepreneurship, and (Torres-
Pruñonosa, Raya, and Dopeso-Fernández 2020), and an analysis which explores a variety of applications 
in Indonesia including capitalizing on local talent and creating innovative products from local resources 
(Kusharsanto and Pradita 2016). 
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A-3.2 Utilities and Resource Use 
Science and technology parks can be heavy users of energy and water resources, particularly where 
offices, data centers, and manufacturing are involved. Manufacturing accounts for 28% of all energy use 
in the United States (Energetics Incorporated 2012). Data centers use water for cooling and electricity 
generation (Mytton 2021). Offices depend on electricity for equipment such as computers and printers, as 
well as for lighting, heating, and cooling (U.S. Energy Information Administration 2018). Newer facility 
designs are incorporating sustainability and efficiency principles and technologies, with the objective of 
reducing demand on existing infrastructure and scarce resources (Cumo et al. 2016). 

Italy’s proposal for siting radioactive waste and spent fuel includes co-locating a science and technology 
park and emphasizes sustainable systems. Incorporating technical and nanotechnology systems, the 
buildings are designed to filter pollutants in the air, reduce water consumption through rainwater recovery 
and storage systems, and capture solar radiation with PV panels. Buildings are classified as Nearly Zero 
Energy Buildings, with PV designs estimated to supply 40% of the energy load to the park. Building 
materials are selected in accordance with environmental sustainability criteria, and in conjunction with 
maintenance procedures are guaranteed for a high level of energy efficient performance (Cumo et al. 
2016). 

STPs have a footprint that often utilizes many acres of land. Italy’s design sections off 40 hectares (about 
100 acres) for current development with space for future expansion (Cumo et al. 2016). Sandia Science & 
Technology Park utilizes over 300 acres of land (Kolberg 2020). Spain’s Tecnocampus has a built area of 
50,000 square meters (about 12 acres) (Torres-Pruñonosa, Raya, and Dopeso-Fernández 2020). Even with 
careful design considerations, it is likely that large areas of land will be needed to allow for new 
development and future growth. 

A-3.3 Environment 
The environmental impacts of science and technology parks are focused on resource consumption and 
land use, but there are other effects which may be felt at a smaller scale. Italy’s co-development 
technology park concept is based on environmentally sustainable design criteria which limits the 
environmental impact of structures. An air-cleaning photocatalytic paint is proposed for all buildings, 
claiming a “significant contribution” to air quality. Water use is minimized through a rainwater recovery 
system. Runoff from impermeable surfaces is captured and recycled for irrigation and sprinklers, and a 
pond at the center of the design provides a natural habitat for plants and animals as well as functioning as 
an emergency reserve for the fire extinguishing system. Landscape plants are selected from native plants 
to replicate the natural habitat. Recycling is planned to be taken to a collection center (Cumo et al. 2016). 

Land used for a science and technology park will not be available for other uses such as greenspace, 
agriculture, or recreation. Land impacts are somewhat mitigated in Italy’s plan through building design 
which minimizes foundation excavation. This ensures an easier return to the natural state if buildings are 
removed (Cumo et al. 2016). 

A-3.4 Recreation and Tourism 
Tourism may experience adverse impacts associated with locating radioactive waste in an area due to 
public concerns and the image of the area. Science and technology parks themselves may not be a draw 
for recreation and tourism to offset this, but it is not uncommon to have a nearby museum or other 
facilities that may draw visitors. The Sandia Science & Technology Park is in close proximity to the 
National Museum of Nuclear Science & History, which draws visitors from the U.S. as well as 
internationally (Kolberg 2020). Italy’s design places an emphasis on tourist attractions that may be 
located within or near the science and technology park. Plans include restaurants, hotels, a science 
museum, sports facilities, an outdoor amphitheater, sensory pathways and a play area for children, an 
auditorium, an academic center, and an electric rail system (Kolberg 2020). 
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A host community may benefit from a reduction in potential stigma effects and increased tourist activity 
if a co-developed science and technology park incorporates some or all of these complimentary facilities. 

A-3.5 Socioeconomic 
The benefits of a science and technology park to a host community are most apparent in increased 
economic activity, revenue, and jobs. If co-developed with an interim storage facility, an STP could 
provide stability in revenue and jobs beyond the CISF life cycle. 

Jobs directly attributable to an STP pay higher than average wages (Kolberg 2020) and reduce over-
education leading to improved job satisfaction and performance as well as better matching between 
graduates and businesses (Torres-Pruñonosa, Raya, and Dopeso-Fernández 2020). Training centers are 
also often incorporated as part of an STP, offering training on innovation and entrepreneurship, startup 
training, technology, and machinery, leading to a skilled and competitive workforce (Kusharsanto and 
Pradita 2016). 

Spain’s Tecnocampus makes up 0.37% of total employment in the region, employing about 823 people 
(Torres-Pruñonosa, Raya, and Dopeso-Fernández 2020). At a larger scale, Sandia Science & Technology 
Park employed 2,369 people as of 2019 who earn a higher-than-average wage when compared to the 
Albuquerque Metropolitan Statistical Area. Notably, the SS&TP continued hiring skilled workers and 
showed a strong growth trend even as the surrounding area job market was shrinking (Kolberg 2020). 

At SS&TP, most jobs (65%) fall under Professional, Scientific, and Technical Services. The second 
highest job category is in manufacturing with 27% of jobs. 

Table A-2. Sandia Science & Technology Park 2018 and 2019 Employment by Industry Subsector 
(Kolberg 2020). 

Industry Subsector 2018 2019 
Fabricated Metal Product Manufacturing 4 4 
Computer and Electronic Product Manufacturing 366 379 
Electrical Equipment and Appliance Manufacturing 212 225 
Miscellaneous Manufacturing 30 38 
Telecommunications 3 3 
Monetary Authorities, Credit Trust, and Other Financial Services 11 10 
Professional, Scientific, and Technical Services 1,421 1,546 
Educational Services 94 98 
Social Assistance and Other Non-Profit Organizations 36 39 
Museums, Historical Sites, Zoos, and Parks 16 26 
Membership Associations and Organizations 1 1 
Total 2,194 2,369 

The SS&TP also draws investment from both public and private sources totaling $5.7M in 2019. The 
Park was home to 48 companies as of 2019 (Kolberg 2020). 

Indirect impacts on the economy are felt as STP employees spend their wages and in other business 
investments. The area surrounding SS&TP has experienced growth in restaurants, retailers, warehouses, 
and office buildings, and Albuquerque and New Mexico have gained a reputation as a desirable location 
for high-tech companies (Kolberg 2020). Economic impacts are felt throughout the region as shown in 
Table A-3. 
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Table A-3. Estimated Socioeconomic Impacts of the Sandia Science & Technology Park, 2019 
(Kolberg 2020). 

Measure City of 
Albuquerque 

Bernalillo County 
(area outside of the 

City of Albuquerque) 

Mid-Region Council of 
Governments Region (Bernalillo, 

Sandoval, Torrance, Valencia, 
and Southern Santa Fe Counties) 

Impact on Total 
Employment 

5,800 706 6,985 

Construction 469 175 733 
Manufacturing 607 27 642 
Retail Trade 459 57 591 
Professional and 
Technical Services 

1,770 146 1,931 

Health Care and 
Social Assistance 

484 35 563 

Accommodation and 
Food Services 

319 28 383 

Other Industries 1,692 238 2,142 
Direct Employment 
(at the SS&TP) 

2,369 0 2,369 

Indirect Employment 3,431 706 4,616 
Gross Regional 
Product 

$624,000,000 $61,100,000 $719,500,000 

Wage and Salary 
Disbursements 

$407,300,000 $35,200,000 $457,000,000 

Increase in Personal 
Consumption 

$271,700,000 $56,000,000 $405,700,000 

A-3.6 Community Wellbeing 
As shown in Table A-4, an STP brings population growth as workers and their families move to the area 
to work at the STP and to fill jobs which are created indirectly. As a result, there are likely to be 
associated impacts to resources and services which affect the community’s quality of life. Greater demand 
will be placed on schools, housing, public health systems, parks and recreation facilities, and emergency 
services, among other aspects of quality of life. Science and technology parks create additional tax 
revenue which may be re-invested in public services and resources to offset some of this increased 
demand. 

Table A-4. Estimated Population Impacts of the Sandia Science & Technology Park, 2019 (Kolberg 
2020). 

Measure City of 
Albuquerque 

Bernalillo County 
(area outside of the 

City of Albuquerque) 

Mid-Region Council of 
Governments Region (Bernalillo, 

Sandoval, Torrance, Valencia, 
and Southern Santa Fe Counties) 

Impact on Population 
(2019 only, not 
cumulative) 

1,583 316 2,467 
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If incoming workers bring drastically different levels of income and education or have a different social 
structure background from the host community, changes could result. Tensions could arise between 
established community members and incoming workers, and the character of the community could 
change (Guidi et al. 2009). Increased housing demand is a result of population growth, which could drive 
up home prices and rental costs. Increased traffic from construction and commuters results in longer drive 
times, more pollution, and more noise. 

STPs can mitigate some of these impacts by incorporating intentional design and programs, and indirectly 
by stimulating economic growth and associated development. Italy’s technology park design plans to host 
students from grade schools and their families, providing unique learning opportunities outside the 
classroom (Kolberg 2020). 

An economic impact assessment of SS&TP estimates that more than 2,400 construction permits for new 
homes have been issued in the immediate vicinity since the park was established. There have also been 
improvements to a nearby community park, recreation facilities, and the Manzano Mesa 
Multigenerational Center and Elementary School (Kolberg 2020). 

Italy’s STP design and Sandia Science & Technology Park both incorporate features like walking trails, 
pocket parks, picnic areas, and exercise stations to improve the attractiveness and quality of life for the 
park and the area (Cumo 2016, Kolberg 2020). SS&TP is connected to the neighboring air force base and 
surrounding community via a bus route (Kolberg 2020). 

Case study data does not directly address impacts to traffic, pollution and noise, emergency services, and 
public health systems. Impacts in these areas would need further analysis to present a complete view of 
effects in a community. 

A-3.7 Equity and Environmental Justice 
The case studies of science and technology parks offer no direct commentary on equity and 
environmental justice impacts. However, opportunities may exist to prioritize hiring from and provide 
training opportunities to community members who may belong to groups which have been historically 
marginalized and excluded from these types of opportunities. 

Developers and planners should proceed with caution if proposing neighborhood revitalization projects 
(or projects that could indirectly influence this) as these could gentrify areas and push current residents 
out. This is a risk if higher income workers (or economic migrants) move to the area to take advantage of 
higher wage jobs available at a science and technology park. If pathways to employment are prioritized 
for current residents this risk could be mitigated. 

If there are cultural differences between incoming workers and the existing community conflicts may 
arise (Guidi et al. 2009). Extra care may be needed to navigate the changing dynamics of the community. 

A-3.8 Infrastructure 
Assuming no actions are taken to improve infrastructure, negative impacts on infrastructure may be felt 
during construction and operations and as people move to the area for jobs. If designed to serve a smaller 
population, transportation, water and sewer, and grid resources among others could be strained by an 
influx of workers and their families. However, infrastructure improvements often take place at the science 
and technology park and benefits may be felt in surrounding neighborhoods. 

For example, in addition to reducing strain on utility infrastructure through sustainable design, Italy’s 
technology park design incorporates road improvements around the perimeter of the facility (Kolberg 
2020). Sandia Science & Technology Park brings infrastructure improvement such as a fiberoptic 
network, park and landfill cleanup, storm sewer, and road improvements (Kolberg 2020). 
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A-3.9 Government Benefits 
Benefits extending to local, state, and federal government include economic growth, collaboration 
between private companies and government, innovation, and increased tax revenue. STPs also provide an 
opportunity to commercialize innovation and local creativity (Kusharsanto 2016). 

In the case of Sandia Science & Technology Park, Sandia National Laboratory (SNL) has direct access to 
industry via the park. SS&TP companies may supply goods and services to SNL, and close proximity and 
collaboration saves time and money. The Park is a convenient meeting place outside of security and 
access restrictions on the SNL campus (Kolberg 2020). Beyond Sandia National Laboratory, the SS&TP 
benefits state and local government through increased economic activity and tax revenue as shown in 
Table A-5 (Kolberg 2020). 

Table A-5. Estimated Tax Revenue Impacts of the Sandia Science & Technology Park, 2019 
(Kolberg 2020). 

Measure City of 
Albuquerque 

Bernalillo County 
(area outside of the 

City of Albuquerque) 

Mid-Region Council of 
Governments Region (Bernalillo, 

Sandoval, Torrance, Valencia, 
and Southern Santa Fe Counties) 

Increase in Tax 
Revenue Generated 
from Personal 
Consumption to the 
State of Mexico 

$4,600,000 $2,600,000 $10,200,000 

In Spain, Tecnocampus supports the economy’s transition from an industrial economy to one that is 
knowledge-based and driven by innovation and entrepreneurship. Incentive structures established by 
political and economic institutions play a role in creating an environment that fosters growth and 
development. These policies promote quality employment and generate research products which 
contribute to economic activity (Torres-Pruñonosa, Raya, and Dopeso-Fernández 2020). 

A-4. Small Modular Reactor Manufacturing 
A-4.1 Description of the Development Opportunity 
Small modular reactor manufacturing was selected to demonstrate the light manufacturing concept. Case 
studies outlining the specific socioeconomic benefits of individual advanced manufacturing businesses 
are not readily available. Due to limited case study data, an IMPLAN analysis was used to estimate 
utilities and resource use, environmental impacts, and socioeconomic impacts. The economic region 
analyzed was initially picked based on multiple criteria used to select suitable sites where nuclear power 
plants could replace coal fired power plants that were set for decommissioning. The location used in this 
analysis matches conditions that exits across the United States. 

Economic benefits associated with advanced manufacturing would differ depending on its location, local 
supply chain, and labor force availability. For this report, impacts associated with this type of 
manufacturing were like what is found in metal fabrication or machine shop type businesses. These 
businesses would likely be part of building components used in small modular nuclear reactors and would 
further develop a nuclear industry cluster that might form around an interim waste storage facility. The 
estimated economic impact associated with the scenario provided in this report is based on a 150-
employee manufacturing facility in a typical rural community with a combined multicounty population of 
around 80,000. 
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A-4.2 Utilities and Resource Use 
Table A-6 provides an overview of estimated environmental impacts of a 150-employee advanced 
manufacturer. These estimates are derived from the IMPLAN input-output model combined with the 
Environmental Protection Agency’s Environmentally Extended Input-Output (EEIO) Model. 

Table A-6. Estimated SMR Manufacturing Utility and Resource Impact (Annual). 

Impact Type Mineral Use 
(Kg/Yr) 

Water Use 
(Cu M) 

Direct 0 49,453 
Indirect 17,798 235,395 
Induced 12,020 98,319 
Total Impact 29,818 383,166 

A-4.3 Environment 
Table A-7 provides an overview of estimated environmental impacts of a 150-employee advanced 
manufacturer. These estimates are derived from the IMPLAN input-output model combined with the 
Environmental Protection Agency’s Environmentally Extended Input-Output (EEIO) Model. 

Table A-7. Estimated SMR Manufacturing Resource and Environmental Impact (Annual). 

Impact Type 
Criteria 

Pollutants 
(Kg/Yr) 

Greenhouse 
Gases 
(Kg/Yr) 

Land 
Use (Sq 
M) 

Nitrogen & 
Phosphorus 
Release to 
Water 
(Kg/Yr) 

Pesticide 
Emissions 
(Kg/Yr) 

Toxic 
Chemical 
Releases 
(Kg/Yr) 

Direct 3,661 458,586 60,740 0 0 0 
Indirect 8,995 1,124,979 35,454 355 0 23 
Induced 4,456 446,082 22,287 729 1 9 
Total Impact 17,111 2,029,647 118,480 1,084 1 31 

A-4.4 Recreation and Tourism 
Small modular reactor manufacturing is unlikely to generate any effects on recreation and tourism. 

A-4.5 Socioeconomic 
Impacts are broken down into the following categories: 

• Direct: Initial impacts resulting from operations at the small modular reactor facility 

• Indirect: Impacts that stem from local supply chain activity that supports the small modular reactor 
facility 

• Induced: Impacts associated with direct and indirect employers providing income to workers and is 
then spent within the local economy based on typical household spending patterns  

Employment impacts associated with a potential manufacturing facility begin with 150 workers directly 
employed by the facility. Business operations from the facility would create or sustain an additional 31 
jobs among supply chain related business and 31 more jobs throughout the community as employee 
spending occurs. The combined employment impact would create or sustain a total of 212 jobs. These 
jobs are not recognized as full-time equivalent number of workers but as a count of unique jobs. 
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Figure A-4. SMR Manufacturing Employment Impact. 

 
Job creation from SMR related or advanced manufacturing leads to new income for the region. Labor 
income associated with this scenario includes all wages, salaries, benefits, and taxes (employer and 
employee side). New labor income associated directly with SMR manufacturing facility operations could 
reach $9.7 million. Indirect and induced labor income would contribute an additional $1.1 and $1.2 
million respectively. Combined, all three sources of labor income would almost reach $12 million 
annually. 

Figure A-5. SMR Manufacturing Labor Income Impact. 

 
Value added impacts from an SMR manufacturing facility would likely reach a total of $15.3 million 
annually. These value-added impacts represent the region’s contribution to gross domestic product, or the 
value of new production that occurs because of SMR related manufacturing activities. Nearly $11.2 
million of the value-added impact comes from the manufacturing facility itself with the remaining $4 
million balance coming from new supply chain activity and household spending. 
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Figure A-6. SMR Manufacturing Value Added Impact. 

 
The total output impact associated with the existence of an SMR related manufacturing facility would 
reach $33.3 million annually. The facility itself would be responsible for $25.2 million in economic 
activity and would stimulate $3.8 million in output from suppliers and $4.3 million from household 
expenditures. 

Figure A-7. SMR Manufacturing Total Output Impact. 

 

A-4.6 Community Wellbeing 
Community wellbeing is not estimated as part of the IMPLAN model. However, there are likely to be 
impacts to public services and quality of life that should be explored if a community wishes to build a 
manufacturing facility. If new workers move to the area there will be greater demands on housing, public 
resources, and services such as schools and emergency response, and a possibility for increased traffic 
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and noise among other impacts. Some of these may be offset by increased economic activity and 
reinvestment in infrastructure and services. 

A-4.7 Equity and Environmental Justice 
Equity and environmental justice aspects of a manufacturing facility should be carefully considered 
before moving forward with this opportunity. These may include investigating impacts of siting a facility 
on nearby neighborhoods and access to workforce development programs and jobs for local residents. 

A-4.8 Infrastructure 
A manufacturing facility will depend on infrastructure for operations and distribution. Proximity to 
existing resources and the possibility of developing new infrastructure will need to be evaluated as part of 
this opportunity. 

A-4.9 Government Benefits 
SMR manufacturing will support construction of new clean energy infrastructure by supplying inputs for 
small modular reactor construction. This supports Federal government missions. State and local 
government are likely to benefit from additional tax revenue generated. These benefits have not yet been 
quantified. 


