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Abstract. The electrification of heating, ventilation, and air conditioning (HVAC) systems in
commercial buildings is essential for reducing energy consumption and greenhouse gas emissions.
The U.S. Department of Energy's Commercial Buildings Integration program aims to cut energy use
intensity by 30% by 2030 and achieve net-zero emissions by 2050. Despite these ambitious goals,
commercial energy consumption has increased significantly from 2018 to 2022, underlining the
urgent need for more effective efficiency measures. A major obstacle is the high upfront cost of
efficient HVAC technologies. This study, conducted for the General Services Administration (GSA),
explores three financial strategies to encourage HVAC electrification: On-Bill Financing (OBF),
Asset-Backed Securities, and a Guarantee Facility Model. Among these, OBF, which ties
repayments to utility savings, was found to be the most effective in addressing cost barriers and
promoting equity. The study recommends that the GSA develop a comprehensive OBF program
proposal, build on successful residential sector models, and launch campaigns to raise awareness.
Future research should address data limitations and regional building code variations to better adapt
policies to market needs.
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1. Introduction

1.1. Commercial Building Energy Emission

The U.S. commercial building sector faces the challenge of balancing energy demand with
environmental responsibilities. Most recent commercial buildings energy consumption survey
conducted by the Energy Information Administration (EIA) reveals that commercial buildings
consume about 35% of national energy and are responsible for 16% total carbon emissions, making
it imperative to transform the sector's energy profile [1]. In response, the U.S. Department of Energy
(DOE) launched the Commercial Buildings Integration (CBI) program to reduce energy consumption
and carbon emissions. The program aims to cut energy use intensity by 30% from 2010 levels by
2030 and achieve zero greenhouse gas emissions by 2050 [2].

However, energy consumption in commercial buildings rose from 6.8 quadrillion British thermal
units (Btu) in 2018 to 9.6 quadrillion Btu in 2022 [1]. This increase not only boosts direct emissions
from fossil fuel combustion but also amplifies indirect emissions from electricity use, which is
predominantly generated from fossil fuels. Greenhouse gases like carbon dioxide, methane, and
nitrous oxide significantly contribute to global warming by trapping heat [3]. Reports from the UN
Environment Programme and the Intergovernmental Panel on Climate Change underscore the urgent
need for intensified global efforts to combat climate change [4,5].
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1.2. HVAC Electrification

By using advanced filtration and air
handling processes, HVAC systems can
precisely regulate temperature, humidity,
and air purity. Adjustable dampers
regulate the mix of outdoor and return air,
which serves as the comerstone of
optimizing system efficiency [7]. Shown
in Figure 1, a dual-stage filtration
process—consisting of pre-filters and
final filters—crucially maintains high
indoor air quality by filtering out particles

and contaminants. Meanwhile, heating
and cooling coils ensure precise thermal
control to meet desired temperature
standard.

Figure 1: Electrified HVAC Operation Process [6]

A critical step towards enhancing building energy efficiency is the electrification of heating,
ventilation, and air conditioning (HVAC) systems—replacing fossil fuel-based systems with electric
alternatives. Implementing advanced HVAC technologies, particularly high-efficiency heat pumps,
is essential. This upgrade not only improves thermal comfort but also significantly reduces energy
consumption and greenhouse gas emissions. Transitioning to efficient electrified heat pumps could
reduce emissions by 44% and energy use by 37% [8]. Air-source heat pumps consume about 50%
less electricity than electric resistance heating and can outperform standard air conditioners in
efficiency. Heat pump water heaters are two to three times more efficient than electric resistance
models, and heat pump clothes dryers and induction cooktops also offer substantial energy savings
[9,10,11].

1.3. Energy Efficiency Gap

The energy efficiency gap in the U.S. commercial building sector represents the difference between
the optimal and actual levels of energy efficiency. This gap is driven by both financial and
informational barriers. High initial investment costs for efficient HVAC technologies are a significant
obstacle, particularly for smaller businesses or those in less affluent areas [12]. Additionally, the
structure of the commercial real estate market can misalign costs and benefits, especially in lease
arrangements where the investor in energy efficiency improvements does not directly benefit from
the savings [13].

Uncertainty about return on investment (ROI) timelines adds complexity, as ROI can vary based on
HVAC technology selection, current building efficiency, and energy market fluctuations [14].
Informational barriers further contribute to the efficiency gap, as building owners may lack
knowledge about potential energy savings or distrust vendors' advice due to perceived sales motives
[15,16,17].

To overcome these barriers, government intervention is necessary to create financing programs that
make energy efficiency upgrades more affordable and accessible. Such programs would help
businesses navigate financial and informational hurdles, thereby contributing to broader reductions
in greenhouse gas emissions.
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2. Literature Review

2.1. Common Existing Mechanism

In many U.S. localities, the Commercial Property Assessed Clean Energy (C-PACE) program is a
key financing mechanism for energy improvements. C-PACE leverages private capital to provide
upfront funding, which is repaid through special charges added to the property tax bill. Funding
sources include private lenders, municipal bonds, and public funds, secured by a senior lien on the
property [18,19]. This model integrates repayment seamlessly into the property owner's existing
financial obligations, making it easier to manage and more appealing for investment. A notable
example of C-PACE's impact is Milwaukee's financing of a $2.5 million investment in The Marlow
Hotel, which is expected to nearly halve annual utility costs and save over 3 million kBTUs per year
[20].

Another common financing mechanism is Energy Savings Performance Contracts (ESPCs). In this
model, shown in Figure 2, an Energy Service Company (ESCO) installs energy-efficient equipment
at no upfront cost to the property owner. The cost is recouped over time through energy savings,
lowering utility bills and allocating a portion to repay the ESCO [21,22]. ESPCs are typically used
by large facilities, such as government buildings or corporate properties, where the ESCO implements
and maintains energy upgrades. These contracts often guarantee energy savings, reducing financial
risk for the property owner, as the ESCO covers any shortfall [23].

Energy Services Agreement Structure

Customer

Energy Services Project Installation

Agreement (ESA) & Maintenance

ESA Provider LGP Contractor/ESCO

Energy Services
Performance Contract (ESPC)

Figure 2: ESPC Model [24]

ESPCs are advantageous because they transfer the financial risk of energy-saving measures to the
ESCO, incentivizing optimal system performance [25]. They also include long-term maintenance and
operational services, ensuring equipment efficiency and longevity. ESPCs enable large-scale energy
efficiency projects without affecting capital budgets, allowing property owners to upgrade facilities
with the latest technologies [26].

2.2. Effective Financing Alternatives
2.2.1. On-Bill Financing

Within the residential building sector, On-Bill Financing (OBF) has become a key instrument in
advancing energy efficiency measures. Demonstrating this expansion , in 2022, twenty-two states
either enacted legislation or saw utilities take action to implement OBF for energy efficiency purposes.
OBF enables homeowners to pay for energy upgrades through regular payments on their utility bills,
with the premise that the energy savings from such upgrades will meet or exceed the repayment costs.
This method has been associated with a reduction in loan default rates, suggesting that bundling loan
payments with familiar utility bills may enhance the likelihood of timely repayments compared to
other forms of financing. This method is seen to reduce the risk of loan defaults, suggesting that
combining loan obligations with utility bills—a routine expense for most buildings—may encourage
more consistent repayment behaviors [15,16,27]. The figure below illustrates the basic payment
structure of OBF, detailing how the costs of energy upgrades are financed through utility bills and
where the capital for project upgrade comes from.
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Typical On-Bill Financing or Repayment Structure

Public, Utility, or
Ratepayer Funds Ypital for Project Capital for Project

+ Charge on Utility Bill

On-Bill Financing
.............................. Utility ‘_’ Customer
On-Bill Repayment
m Capital for Project I Project Installation
+ Repayment
Contractor/ESCO

Figure 3: OBF payment structure [28].

Unlike ESPCs, which involve financial arrangements where an ESCO finances and implements
energy-saving measures and gets paid from the resulting savings, OBF simplifies the process for the
consumer. The main distinction that makes OBF stand out is its direct billing and repayment
mechanism through utility bills. This direct billing method not only simplifies the financial process
for consumers, making the upgrade more accessible, but also enhances the ease of adoption and
reduces administrative overhead from third-party dependency.

Moreover, OBF addresses the split incentive problem, which poses a significant barrier to energy
efficiency investment for commercial building sectors. This problem arises when building owners are
hesitant to invest in energy-efficient improvements because it is the tenants who typically reap the
utility savings benefits. OBF navigates this issue by linking loan repayments directly to the property's
utility meter, rather than to the owners or tenant [29]. As a result, the financial responsibility for the
energy upgrades is assumed by the current occupants who enjoy the upgrade to ensure that the costs
and the benefits are equitably distributed.

These programs are designed to be consumer-friendly, offering financial terms that often include low
or no interest and extended repayment periods, thereby making energy upgrades more accessible to
a wider demographic [30]. Some OBF programs use the energy savings achieved post-upgrade as a
form of security for the loan, which not only incentivizes energy efficiency but also aligns the
financing with the actual energy savings [31]. This mechanism ensures that the benefits of energy
improvements are directly experienced by the borrower, reinforcing the link between energy
conservation and financial savings.

OBEF Iinitiatives also extend credit opportunities by evaluating utility payment histories rather than
traditional credit scores, thus democratizing access to energy efficiency financing. This aspect is
particularly impactful for communities that historically have limited access to credit due to
socioeconomic barriers [32,33]. By categorizing the loan as a part of the service bill, OBF programs
avoid encumbering consumers with additional reported debt, thus preserving their ability to seek
credit for other purposes.

2.2.2. Asset-Backed Securities

Private financing plays a crucial role in supporting projects across a wide range of sectors, offering
an alternative to traditional bank loans and public funding sources. Within conventional markets,
Asset-Backed Securities (ABS) stand out as a compelling mechanism for raising capital. It converts
illiquid assets, such as loans, leases, receivables, into liquid securities. The essence of ABS is to create
a financial product that investors can buy and sell, offering a way for the original owners of the assets
to gain immediate liquidity and access to new funding sources [34].

Once the assets are pooled together, they are typically transferred to a separate legal entity known as
a Special Purpose Vehicle (SPV), established specifically for the securitization process. This SPV
issues securities backed by the pooled assets, which are then introduced into the capital market [35].
The issued securities are typically rated by credit rating agencies to provide investors with an
indication of their risk level. Higher-rated securities are considered safer but may offer lower returns,
while lower-rated securities carry higher risk but the potential for higher returns [36, 37]. By selling
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these securities in the capital market, the SPV enables a broader spectrum of investors to participate
and fund the project. The payments made by borrowers on these assets generate cash flow, which is
then passed on to the investors holding the securities.

The concept of leveraging cash flows through Asset-Backed Securities (ABS) has established a strong
precedent in the energy sector, especially within the solar industry. This financial mechanism secures
the consistent cash flows from residential solar installations, bundling future revenue from energy
production or lease payments into securities for investor purchase [38,39]. Solar securitization pools
these cash flows, allowing investors to support renewable energy with the prospect of stable returns,
while providing solar providers a new avenue for capital at potentially lower costs than traditional
finance methods. This approach streamlines the deployment of solar projects by efficiently raising
capital through the financial markets. Repayment of this funding is typically done through two main
avenues: Power Purchase Agreements (PPASs) and leasing models. In PPAs, building owners agree
to purchase the electricity generated by the solar panels at a predetermined price for a specific duration
[3]. This arrangement ensures a reliable cash flow from the sale of electricity. Alternatively, in leasing
models, solar panels are leased to homeowners or businesses, who then pay a fixed monthly fee for
the use of the solar panels [38].

2.2.3. Risk Mitigation

In energy financing, managing risk is crucial for attracting investors. Investments in this sector carry
risks from technical failures, market fluctuations, regulatory changes, and energy price volatility,
adding uncertainty to returns[40]. Addressing these risks is essential for increasing investment and
accessibility.

Diversification is a key strategy in economics and finance, spreading financial assets across different
areas to reduce risk and enhance returns [41]. In the energy sector, diversification involves investing
in various energy sources and technologies to mitigate risks associated with any single asset. By
balancing investments in solar installations, electrified HVAC systems, and the electric vehicle
industry, investors can protect against industry-specific regulatory changes, market demand
fluctuations, and technological disruptions, ensuring more stable returns [42].

Another effective risk mitigation strategy is using guarantee instruments, borrowed from the World
Bank's Guarantee Program. A third party, such as a government or financial institution, provides
guarantees to cover potential losses, encouraging investment in riskier projects [43]. For example, the
Climate Policy Initiative recommends a first-loss protection instrument for green bonds, where a
funding institution or governmental party bears the highest risk, protecting other investors and making
clean energy projects more attractive [44]. These guarantees are crucial for the bankability of clean
energy projects, particularly those involving advanced HVAC systems. By providing a safeguard
against defaults and revenue losses, they encourage investment in emerging technologies and markets,
especially when projects are pooled under a single protective mechanism [45, 46].

3. Evaluative Criteria

3.1. Benefit Cost Analysis

This criterion estimates the net present value (NPV) of each policy option over 25 years using a 7%
discount rate. The analysis will undertake a benefit cost analysis (BCA) to monetize the advantages
and expenses. Market prices will be used to value energy savings, and shadow pricing will be applied
where market values are not available for certain benefits and costs. Additionally, a sensitivity
analysis will assess how different baseline assumptions (such as the discount rate, electricity price,
and the number of participants) might influence the BCA results (See Appendix). The alternatives
will be ranked by NPV, assigning a score of 5, 4, or 3.

Benefits: Energy savings (including "rebound effect"), reduced healthcare costs from better air
quality, and improved quality of life from efficiency upgrades.
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Costs: Operational costs for administrators, HVAC upgrade costs, opportunity costs of city funds,
and deadweight loss (DWL) from market distortions.

3.2. Equity

The equity criterion evaluates the potential of policy alternatives to improve the affordability and
accessibility of energy efficiency upgrades, particularly in states with lower adoption rates. Drawing
from policy literature and case studies, the evaluation will consider how costs and benefits are
distributed among stakeholders. Alternatives will be categorized and scored as high (5), medium (3),
or low (1) equity based on their impact on disadvantaged groups and states.

3.3. Administrative Feasibility

The assessment of administrative feasibility will evaluate the ability of state governments and relevant
stakeholders—such as utility companies, property owners, and residents—to effectively execute
policy options. This criterion will categorize alternatives as high (5), medium (3), or low (1) levels of
feasibility based on their ease of implementation, resource requirements, and stakeholder support.

3.4. Financial Stability

This criterion assesses the financial risks of different policy alternatives, focusing on potential
changes in payment terms and default rates. It evaluates how these risks impact the overall financial
viability from both lenders' and borrowers' perspectives. Alternatives will be categorized as high (5),
medium (3), or low (1) financial stability based on their inherent risks and the effectiveness of their
risk management practices.

4. Policy Alternatives & Evaluation

4.1. Alternative 1: Expanding On-Bill Financing (OBF) Programs

This alternative proposes expanding On-Bill Financing (OBF) programs to include commercial
buildings across the United States, leveraging municipal utilities and energy service providers. The
program would provide upfront funding for HVAC installations, sourced from federal initiatives,
municipal utilities, and energy service providers, ensuring broad access regardless of location [47].
A national framework would manage and distribute these funds, allowing flexibility to address the
specific needs and regulations of different states and utility jurisdictions.

OBF operates through partnerships with utility companies, enabling building owners or renters to
finance energy-saving upgrades and repay the investment via their monthly utility bills. This approach
leverages the utility's established customer relationships and removes the initial cost barrier of HVAC
installation, aligning repayment with energy savings [29]. One key benefit of OBF is its accessibility.
Some programs consider customers' utility bill payment history instead of traditional credit checks,
making it easier for more customers to qualify [48]. Investors also see OBF as a secure funding
method due to the reliability of utility bill payments [49].

Commercial property owners would be required to apply for financing for eligible energy-saving
projects, determined by factors such as utility bill payment history and projected energy savings.
Projects would be guided by energy audits to ensure significant energy savings potential [50].
Approved projects would be carried out by certified contractors, with costs repaid over up to 15 years
at zero percent interest through an additional charge on the monthly utility bill [51]. The charge would
be calculated to ensure bill neutrality, meaning the energy savings would match or exceed the
repayment amount. The program would also adopt a tariffed model, tying repayment obligations to
the property meter rather than the individual business owner, ensuring continuity of payments if the
property changes hands [33, 50].
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Benefit Cost Analysis: This alternative, evaluated at the state level, has a Net Present Value (NPV)
of $7,298,891,671.93 and scores 4. The OBF program offers significant energy conservation and
comfort benefits for 4,000 commercial buildings, contributing to healthcare savings from reduced air
pollution. Costs include resource expenditures for upgrades, opportunity costs of governmental fiscal
allocations, and administrative expenses.

Equity: This policy scores 5 for equity. It bypasses traditional credit scoring by using utility payment
history for qualification, benefiting businesses with fluctuating credit scores. This approach removes
financial barriers and credit checks, ensuring eligibility for those with consistent utility bill payments
[52]. The benefits are equitably distributed, enhancing property value for owners and reducing energy
expenses for tenants, addressing divergent interests between tenants and landlords [29].

Administrative Feasibility: The feasibility of implementing the OBF program is medium, scoring
3. The GSA has a high level of administrative capacity due to its experience with large-scale projects,
but OBF requires close coordination with utility companies and energy service providers.
Implementing this nationwide would need collaboration with existing financial and property
management systems to accommodate additional billing charges and track energy savings and
repayments accurately. Some states’ main power companies may be reluctant to push this
implementation. However, the GSA's current infrastructure can support such integration, and the
GSA is exempt from local and state codes due to federal preemption.

Financial Risk: This alternative scores high with a rating of 5 for managing financial risk. OBF has
a low default risk since repayments are integrated into utility bills—a priority payment for most
consumers, given the essential nature of utility services. Seventy-two percent of consumers prioritize
utility bills, resulting in significantly lower default rates compared to other types of unsecured debt
[27,49]. The structure of OBF avoids significant changes in payment terms, ensuring financial
stability for payers. Repayment terms are clearly defined, with mechanisms to prevent substantial
increases in monthly utility bills [50, 53].

4.2. Alternative 2: Guarantee Facility Model

This alternative involves leveraging a Guarantee Facility Model to mitigate financial risks for lenders
and investors. It includes two main components: project pooling and first-loss protection.

The GSA should identify and prioritize prospective energy efficiency projects, such as electrified
HVAC system installations, that have significant impact potential. These projects would be
aggregated into a single portfolio to dilute the risk associated with any single project [54]. Once a
project is deemed viable, the GSA will partner with financial institutions to provide the necessary
capital for upfront installation costs. The GSA will offer a guarantee covering the first-loss exposure,
encouraging banks and private investors to fund these projects with reduced risk of potential losses
[43, 44]. If a project fails to meet financial returns, the guarantor covers a portion of the losses, making
lenders more willing to finance these initiatives. This guarantee results in more favorable loan terms,
such as lower interest rates and extended repayment periods, improving cash flow and financial
viability for building owners [55, 56].

Benefit Cost Analysis: This alternative has an NPV of $8,153,256,622.66 and scores 5. Benefits
include energy conservation, enhanced living conditions for 4,000 households, and healthcare savings.
Costs encompass upgrade expenses, deadweight loss from government spending, and operational
costs for both the government and private lenders, including employee salaries, office space,
marketing, and transaction costs.

Equity: This policy alternative scores medium with a rating of 3. While guarantee instruments reduce
investment risks and could theoretically support projects in underserved communities, the complexity
and scale might favor larger projects. Without intentional design prioritizing equity, investments may
naturally flow to less challenging, more financially secure projects, potentially bypassing those in
high-impact regions [57, 58].
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Administrative Feasibility: This alternative scores medium to high with a rating of 4. The GSA has
strong administrative capabilities and experience managing sustainability and energy efficiency
initiatives. The integration of guarantee instruments into existing programs would require minimal
additional overhead. Government backing enhances the GSA's ability to manage guarantees, reducing
perceived risks and streamlining risk assessment and management.

Financial Risk: This alternative scores high with a rating of 5. The whole purpose of this model is
to prioritize stability and minimize the likelihood of significant changes in payment terms [59].The
first-loss protection acts as a financial buffer, reducing lenders' and investors' exposure to risk. Project
pooling spreads financial risk across multiple projects, ensuring that the failure of a single project has
less impact on the overall investment.

4.3. Alternative 3: Asset-Backed Securities

This alternative proposes enhancing the adoption rate of electrified HVAC systems in the U.S.
through the use of Asset-Backed Securities (ABS). The process begins with property owners securing
loans or leases for HVAC upgrades. These financial agreements are then pooled into a larger portfolio,
simplifying the investment structure and preparing the assets for securitization [36, 60]. These pooled
assets are then transformed into securities, categorized by risk and potential profit to match investors'
profiles. Investors in the capital markets provide the necessary upfront funding for these projects. The
return on investment is tied to the repayment of the underlying loans or leases, which are repaid as
property owners realize energy savings from their upgraded HVAC systems [61]. Payments are first
directed to the highest-rated groups, ensuring lower-risk investors are paid quickly, while higher-risk
investors stand to gain more if the projects succeed [60].

The success of this proposal depends on the repayment of loans or leases. If repayments falter due to
underperformance or financial difficulties, cash flow to investors is reduced, increasing the perceived
risk and demand for higher future returns, complicating future borrowing [62, 63]. To mitigate this,
the GSA can tie ABS repayments directly to the performance of energy efficiency upgrades, making
investor returns more predictable and linked to actual energy savings.

Benefit Cost Analysis: This alternative has an NPV of $7,248,992,804.37 and scores 3. Benefits
include energy savings, enhanced comfort, and healthcare savings. Costs include resource
expenditures for upgrades, opportunity costs of government allocations, and administrative expenses
such as marketing, workforce compensation, transaction costs, legal fees, and compliance costs.

Equity: This alternative scores low to medium with a rating of 2. While ABS can distribute risk
among investors and make funding more accessible for smaller or riskier projects, the complexity and
potential lack of transparency may favor larger, sophisticated investors and property owners,
disadvantaging smaller players [64]. However, if well-structured, ABS can lower project costs
compared to traditional loans, making HVAC upgrades feasible for a wider range of commercial
buildings.

Administrative Feasibility: This alternative scores high with a rating of 5. Growing interest in
sustainable investments enhances the feasibility of implementing ABS for HVAC upgrades. The
success of green bonds offers valuable lessons, as the market's acceptance of securities tied to
environmental benefits suggests receptiveness to ABS. The GSA has the capacity and experience to
manage such a mechanism, supported by potential legislation encouraging private investment in
public infrastructure. Standardizing asset quality for ABS under ASHRAE Standard 90.1 should not
be an issue, as this standard is widely recognized for energy efficiency in buildings.

Financial Risk: This alternative scores moderately well with a rating of 3. While pooling loans or
leases into ABS offers risk diversification, overall stability relies on consistent repayment. Linking
repayments to the performance of energy efficiency upgrades can reduce uncertainty around cash
flows, but accurate measurement and verification of energy savings are crucial to this strategy's
success [65].
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4.4. Outcome Matrix & Sensitivity Analysis

Table 1. Outcome matrix & sensitivity analysis
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marketing conditions

When the discount rate increases from 5% to 7%, the NPV for all three alternatives decreases
significantly. The OBF model is more sensitive to discount rate changes, suggesting its cash flows
are expected further in the future. From 5-7% to 7-10%, the impact on NPV lessens, indicating that
initial cash flows are more affected by lower rates. For the GSA, this means higher discount rates
lead to a more stable risk profile.

All three alternatives show near-perfect elasticity with participant count changes, meaning NPVs
adjust almost proportionately to the number of participants. This implies a stable financial outlook,
as NPVs rise or fall in direct proportion to participant numbers. Factors like energy savings
percentage, electricity rate increases, marketing costs, non-energy savings, and the rebound effect
exhibit inelastic responses. Changes in these variables have minimal impact on participant numbers,
suggesting predictable participant behavior and stable program planning without significant
adjustments for these factors.

The NPV for each alternative reaches zero if healthcare savings per household and kWh savings fall
significantly below typical estimates or if annual new household participation drops drastically. For
example, the NPV for the Guarantee Facility Model would become zero if fewer than 1080
households participate annually, a scenario considered highly unlikely given the scale of this
proposed program.

5. Recommendations

This analysis recommends implementing Alternative 1: On-Bill Financing (OBF) as the optimal
strategy for the U.S. commercial building sector under GSA’s authority.

The Benefit-Cost Analysis shows that the Guarantee Facility Model has the highest NPV, while OBF
and ABS have similar but lower NPVs. However, OBF is favored due to its emphasis on equity and
widespread adoption. OBF enables property owners and tenants to finance energy-saving upgrades
through utility bills, removing the need for substantial upfront investments. This approach lowers the
barrier to entry for smaller businesses and underserved communities.
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OBF also addresses market penetration and adoption hurdles more effectively than the Guarantee
Facility Model. While the Guarantee Facility Model offers favorable financial returns, it may not
directly tackle the adoption barriers and split incentive problems. OBF ties financing repayment to
utility bills, linking investment with energy savings and encouraging broader uptake. Prioritizing
OBF over ABS focuses on immediate adoption barriers rather than accessing broader capital. ABS,
although effective in mobilizing large-scale financing, does not address upfront cost barriers and
misaligned incentives as directly as OBF. OBF provides a straightforward approach, linking
investment directly to utility bill savings and ensuring immediate benefits, promoting broader and
more equitable adoption of energy-efficient systems.

However, using ABS as a complementary mechanism can expand financing options. ABS can
aggregate and refinance existing energy efficiency loans, freeing up more capital for new OBF
projects. This dual approach harnesses the strengths of both models: OBF’s effectiveness in
addressing upfront cost barriers and ABS’s capacity to mobilize large-scale investment.

OBF programs have been successfully applied in residential buildings across several states, providing
valuable experience and insights that can be adapted for commercial applications. This existing
knowledge makes nationwide implementation more feasible. While OBF mitigates initial financial
barriers, it alone does not stimulate demand for upgrades. Therefore, it is recommended that GSA
support the program with information campaigns to increase consumer awareness and offer technical
guidance for the commercial building sector.

6. Implementation

To initiate the OBF program, the GSA’s Office of Federal High-Performance Green Buildings
(OFHPGB) should first create a detailed proposal and seek approval from GSA's executive leadership.
The proposal should include a clear timeline for implementation and structural recommendations.
OFHPGB should form a cross-departmental team, incorporating expertise from the Office of
Government-wide Policy and the Federal Buildings Fund, to ensure the program's sustainability,
compliance, and financial viability. This team will be responsible for refining the proposal,
identifying areas for improvement, and making necessary adjustments for nationwide implementation.

Following this, the GSA should explore partnerships with major federal utility service providers,
including the Tennessee Valley Authority (TVA) and regional utilities that serve many federal
facilities. These partnerships are crucial for integrating OBF mechanisms into existing billing systems,
allowing for the recovery of investments in energy efficiency directly through utility bills.
Negotiations should focus on creating agreements that make the inclusion of energy improvement
costs in billing both feasible and efficient, ensuring customers can repay these investments over time
seamlessly. Initial funding allocated for upgrades in 2026, based on projections for 4,000 state-level
participants, is estimated at $418.2 million. To supplement the funding available from the Federal
Buildings Fund and other budget allocations, the GSA must seek partnerships with financial
institutions experienced in energy financing and committed to sustainability. Banks and entities like
the Green Investment Group, Bank of America's Environmental Business Initiative, or the World
Bank can offer loans or lines of credit tailored for HVAC installation. The GSA should focus on
establishing terms that favor long-term sustainability and financial viability.

Alternatively, the GSA could propose the program directly to Congress and lobby for legislation
mandating federal utility providers to implement an OBF program. However, the program stands a
better chance of success if federal utility providers agree to administer it through internal procedures
and negotiations, as a utility's commitment to OBF significantly influences its success [33]. For
program design and planning, it is recommended to tailor the OBF program specifically to the unique
needs of federal facilities. The GSA will need to develop inclusive eligibility criteria, favorable
financing terms, and identify impactful energy efficiency measures (EEMs). Pilot projects in selected
federal buildings will serve as crucial testing grounds, while the GSA continues to collaborate with
facility managers, sustainability officers, financial institutions, and ESCOs.
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If federal utility providers do not accept the proposal, the GSA might consider creating an internal
fund dedicated to energy efficiency projects, similar to a green revolving fund, where savings from
energy efficiency projects are reinvested into new projects. This self-sustaining fund could support
ongoing energy efficiency improvements without relying on external utility providers. Alternatively,
the GSA could recommend the Guarantee Facility Model to allow ESCOs or the government to
absorb a significant portion of the project risk so that utility providers will be more likely to cooperate.

Upon initiating the OBF program, the GSA’s role will encompass program marketing and evaluation.
The OBF program often faces challenges generating demand, resulting in lower-than-anticipated
market penetration [29]. To address this and enhance the program's reach, the GSA should form
strategic partnerships with federal utility providers to initiate a comprehensive informational
campaign. This campaign should focus on promoting energy efficiency benefits to facilities most
likely to see significant improvements, including those in underserved communities. The GSA can
lead by example, demonstrating the efficacy of the OBF program by successfully implementing it
within its managed facilities, providing tangible evidence of the program’s effectiveness in reducing
energy consumption and costs, and building confidence among potential participants.

To increase consumer awareness, the GSA should leverage psychological principles influencing
decision-making and behavior. By showcasing real-life testimonials and case studies from early
adopters who have benefited from the program, the GSA can use social proof to illustrate the tangible
impacts of energy efficiency improvements, indirectly encouraging others to participate. For instance,
the program is projected to deliver total benefits of approximately $103 million in the first year
alone—comprising $40 million from energy savings, $6 million from improved comfort, and $57
million from enhanced health and safety measures. As these figures are projected to increase annually,
the growing benefits provide strong incentives for others to join the program, enhancing the
credibility of the testimonials. When individuals see that peers or similar entities have successfully
implemented energy efficiency measures and are enjoying the benefits, they are more likely to feel
that participating is a good decision [66].

Furthermore, the GSA should emphasize stories demonstrating how specific energy-saving measures
have resulted in significant savings and improved comfort within federal buildings, as these narratives
can strongly appeal to potential participants. Leading this informational campaign, the GSA should
also prioritize collecting and analyzing data on the OBF program to assess its cost-effectiveness over
time.

7. Conclusion

Electrifying HVAC systems in commercial buildings is crucial for reducing energy use and
greenhouse gas emissions, aligning with national goals. However, financial barriers hinder this
transformation, highlighting the need for effective financing solutions. Among the three alternatives
analyzed—On-Bill Financing (OBF), Asset-Backed Securities (ABS), and the Guarantee Facility
Model—OBF stands out for addressing equity issues and upfront cost barriers. This recommendation
does not overshadow the contributions of ABS in expanding financing or the robust returns and risk
mitigation offered by the Guarantee Facility Model.

The study reveals three main limitations: the voluntary nature of participation, the scarcity of
comprehensive data on energy savings, and variability in state and regional building codes. Voluntary
participation makes it difficult to establish causal relationships between program availability and the
adoption of energy-efficient HVAC systems. The lack of comprehensive data and the "rebound
effect” complicate the evaluation of actual energy savings. Additionally, differing building codes
across states affect the replicability of financing strategies.

As the commercial sector evolves, so will financing dynamics for energy efficiency. Future research
should focus on the scalability of successful models, integrating emerging technologies, and adapting
financing strategies to new regulatory landscapes. Continued innovation, data-driven analysis, and
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policy alignment are essential for fostering a commercial sector that thrives economically while
contributing to environmental sustainability.
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Appendix: BCA Assumption Breakdown

The tables below present the analysis assumptions used for the BCA calculations and the breakdown
of costs for each alternative. This analysis evaluates the effectiveness and costs of each alternative
using a 7 percent discount rate and a 25-year time horizon from 2024 to 2049. This BCA includes
many assumptions, most of which are derived from relevant research and are cited accordingly. Other
assumptions are generated by the author. While the sensitivity analysis addresses certain
unpredictability within the assessment, this BCA primarily serves as an instrument for contrasting the

different options available.

The following table illustrates general assumption for selected years in the 25-year time horizon from

2024-2049.
Parameter Value

All costs occur at year end (standard practice) year end

All $ are in 2024% Money value of

2024%

Discount rate 7%

Number of new commercial buildings participating in [gle[y]
program each year

Program lifetime (of upgrade offerings) in years 10

Average loan amount/cost of efficiency upgrade per R0
building

Average rebound effect per household 0.2
maximum loan term in years 15
Average rent per square foot of office space per year Ry
Standard cubicle size in square feet 64
Deadweight loss factor for government spending 1.25
Forecasting interest rate 5%

The median of commercial building size(sq ft) 5100
$/kWh price of electricity in 2024 $0.1255

Average value of comfort as a percentage of utility bill ELZ
savings

Average annual energy savings as a percent of total JELEZ)
energy use

Annual value of non-energy savings per building ERFER0]
(health, safety)

Targeted number of commercial building (90% PZRZYN]

retrofitting goal)
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Source

Standard practice
Author decision

Author decision
Author assumption

Typical standard
[67]

[68]

[69]
[70]
[71]
[72]
[73]
[74]
[75]

[76]
[77]

[78]



Baseline Assumption

The following table illustrates baseline energy savings assumption for selected years in the 25-year
time horizon from 2024-2049.

Parameter Value Source

Annual increase in $/kWh (electricity W) [79]
price)

Average annual electricity K] [80]
consumption in kWh per sq ft for
commercial building

Average monthly CEWiIVA 1.25 Author’s calculation
consumption in kWh per sqgft for
commercial building

Average Size of Commercial Building [is¥:{e]y; [1]
in sqft

Average monthly Eig[o YA 20,500 [1]
consumption in kWh per building

Price elasticity of electricity demand oz [81]
Response of electricity consumption [N pL] Author’s Calculation

Additional Assumption
The following table illustrates additional assumptions for each alternative

Estimated salary for finance officer $101,971.00 [82]

Number of additional employees for ¥ [83]
program operation

Cost of marketing per participant $241.00 [33]

Additional hours spent on repayment each @ Author assumption
year

Loss compensation rate 90%

Default rate 4.50% Author assumption

Estimated salary for U.S. government [R&ZR/oR0/0RuN 71|
finance officer

Estimated salary for financial institution EER0REE [82]
employee (lenders)

Number of additional government L Author’s decision [83]
employees for program operation

Additional hours spent on repayment each [k Author’s assumption
year per building
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Minimum wage (U.S.) $7.25 [85]

Number of additional financial institution L] Author’s decision
employee (lenders)

Estimated salary for finance officer $101,971.00 [82]

Number of additional employees for e [83]
program operation

Additional hours spent on repayment each {5 Author assumption
year

Minimum Wage(the U.S. average) $7.25 [85]

Annual Salary of Security Attorney $90,787.00 [82]

Number of Security Attorney for program [Ks Author assumption: 1 attorney
operation per 250 participants (ceiling to
the next integer)

Minimal fees for registering the securities [:E0X0[0 [86]
per participants

AL TEUIST1ETaVANe) S ST T CRN eIl IEU-N $ 86,304.00 [82]

Officer

Number of Security Fulltime Compliance ¥4/ Author assumption: 1 officer per
Officer for program operation 150 participants per year. [87]

Additional Information

The underlying assumptions for valuing improvements in comfort and healthcare savings are
extracted from the breadth of existing literature. Energy efficiency enhancements not only lead to
direct energy savings but also elevate the comfort and health levels within households. The inclusion
of such co-benefits in the analysis is pivotal because they serve as significant motivators for
households contemplating investments in energy efficiency improvements, thereby considerably
enhancing the net present value of benefits.

Transaction costs borne by building owners who participate in policy alternatives are estimated by
employing the national minimum wage as a proxy for the opportunity cost of the program participants'
time. This approach assumes that the time spent by building owners on program-related activities
could otherwise be used for labor compensated at the minimum wage rate. Also, transaction costs for
owners of commercial buildings are anticipated to be higher than the national minimum wage, which
has been used as a benchmark in the analysis due to the lack of a more precise alternative wage rate
for valuation.

Additionally, the estimation of healthcare savings per household leverages findings from a study
examining the Department of Energy’s Weatherization Assistance Program (WAP). This study
provides crucial insights into the economic value of non-energy benefits, specifically in the realms of
health and safety improvements, on a per-building basis. The average annual value of these non-
energy benefits for a commercial building is assessed to be $14,148. This number may vary
significantly based on the specific uses and occupancies of the buildings.
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