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Introduction
Multifamily affordable housing (MFAH) providers and property owners face multiple barriers to
realizing the full benefits of solar energy projects on their properties. These range from financial
hurdles—such as an inability to take advantage of the Solar Investment Tax Credit and
constrained capital sources—to regulatory issues associated with the complex ownership and
financing structures of affordable housing, or simply capacity limits, as solar projects can require
significant staff-time and expertise. Additionally, MFAH providers who do deploy solar PV at their
properties may experience challenges in retaining the benefits with the property or for their
tenants due to existing utility allowance structures.
Successful projects can benefit MFAH providers in multiple ways: by providing savings that
accrue to low-income tenants or cashflow constrained properties; by generating development
fees and new streams of income to support the organization’s overall mission; and by supporting
progress towards environmental goals. Many of these benefits are best achieved by approaching
the development of solar PV at a portfolio scale instead of on an ad hoc basis. A portfolio-scale
approach gives MFAH providers more control and flexibility, as well as allowing for economies
of scale (on both hard and soft costs) and attracting debt and equity on better terms.
The portfolio modeling tool described in this document, as well as other associated tools, were
developed as part of the U.S. Department of Energy Solar Energy Technology Office’s National
Community Solar Partnership (NCSP) Multifamily Affordable Housing (MFAH) Collaborative to
help MFAH providers undertake portfolio-scale solar PV projects. This tool, based on typical real
estate development models, provides a framework for MFAH providers to evaluate the financial
feasibility of a potential multi-state portfolio of solar PV projects. The tool is highly adaptable,
developed for portfolio scale analysis while also useful for single site projects. The tool provides
preliminary indicators such as project returns and savings / benefits to various partners. MFAH
providers who choose to proceed with project development can use the tool to begin prioritizing
candidate sites for further project scoping and to engage with finance and development partners.
It is designed to be used in conjunction with the Portfolio Screening Tool, PVWatts1 and REopt
Lite2 from the National Renewable Energy Laboratory (NREL). Together, these tools will help
MFAH providers understand their portfolio from three perspectives: financing, policy/regulatory,
and technical feasibility. It is important that candidate sites are viewed from all three lenses – a
project that appears highly lucrative may be challenging from a regulatory or technical
perspective, or alternatively, a project that appears complex or costly from a technical viewpoint
may be a valuable addition to a larger portfolio due to favorable solar incentives and supportive
policy.

How to Use the Portfolio Modeling Tool
The portfolio modeling tool is an Excel based tool designed to provide stakeholders with a very
preliminary understanding of project economics for a portfolio of small and medium-sized

PVWatts, created by NREL, is an on-line calculator that estimates the energy production and cost for
solar PV installed on existing residential and commercial buildings.
2
REopt Lite is a web tool created by NREL that allows users to evaluate the economic viability of
distributed, clean energy sources including solar PV. REopt can also help evaluate resiliency potential
through incorporation of battery storage into project modeling.
1
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commercial solar installations, using the fewest possible inputs. It does not require detailed
construction cost estimates and can be used with very high-level estimates of solar PV system
sizes and production figures. In other words, this tool is most useful to conduct an initial
feasibility assessment for a potential portfolio and prioritize a set of projects for further
assessment. It allows for a rough sense of the project economics to be developed with high-level
information and various assumptions, which can then be revised and refined with more detailed
information.
Importantly, this tool includes significant simplifying assumptions. For those who proceed with
project development, final decisions should be based on a more refined and specific model after
incorporating additional information such as quotes for materials, contracting and even financing
terms. This tool is not designed to provide an investment-grade model or to account for tax
implications, which requires a model developed by accountants or others with financial expertise.

Instructions
Below are the basic instructions on how to use the portfolio modeling tool, presented in 4 initial
steps. Click on each step below to jump to detailed instructions for each step.
1: Gather Information
2: Fill in the Spreadsheet
3: Interpret Preliminary Results
4: Refine Model

Step 1: Gather Information
Inputs to this tool are in two major categories: primary tier inputs, fields that must be filled in
immediately (primarily basic system information), and secondary tier inputs that have been prefilled with placeholder assumptions (primarily related to ongoing cost and financing
assumptions). These assumptions can be used in early stages, allowing for initial results with
limited inputs, as described above, and then adjusted as more information is available, yielding
more accurate outputs. As described further in the Instructions tab of the spreadsheet, these
inputs have been color-coded as follows:

Data

This cell must be edited in initial runs of the model for the results to have
any significance
The pre-filled assumption can be left as is in earlier runs for the model, but
should eventually be adjusted for more accurate modeling results

Data

Key inputs needed for an initial analysis include the following for each candidate site:
●

Solar PV system basic information (est. size, production, and cost): For MFAH providers
who have used the Portfolio Screening Tool to estimate system sizes in viable solar
markets, those figures can be used in this tool. If users have previously narrowed their
portfolio based on the policy screening or the ReOpt Lite analysis, it may still be
worthwhile to include a wider range of candidate sites in this analysis (i.e., those
determined to be neutral to most viable, not just those deemed most viable). Another
good resource for estimating system size and performance potential is NREL’s PV Watts
Calculator.

urbaningenuity.com

4

●
●

●

Current cost of electricity: This information can be found on existing utility bills, the utility
tariff rate schedule (if known) or estimated using the state average retail rate from the
US Energy Information Administration.
Expected contract cost of electricity: This represents the effective energy price you will
receive for the solar PV electricity your system produces. If energy will be sold to the
grid (e.g., through a Feed-in-Tariff), enter that price here. If it will be sold via a Power
Purchase Agreement (PPA) or to subscriber via community solar, enter that price here.
If PPA price is unknown, a reasonable starting point is a 5–10% discount from market
prices.
Available incentives: Incentives can include upfront subsidies and ongoing REC
(renewable energy credit) payments. See Resources on the Instruction Tab in the
spreadsheet tool for more information on how to find information on available incentives
if you do not already have it.

Step 2: Fill in the Spreadsheet
This section provides a brief overview of how to approach the spreadsheet and the order in which
to enter information in the context of the overall process. Please see the Instructions Tab of the
spreadsheet tool for more detailed information. Additionally, relevant cells in each tab have
details entered as comments. You will enter data in the following tabs:
1.

Scope Tab: Start here. The tab includes a set of sample projects (see “Sample Projects”
below) to demonstrate how the tool works. In column A, replace these placeholder
projects with the names of your candidate sites. Enter the locations for each candidate
site in column E and replace the data in the yellow highlighted fields (columns G, H, J, Q,
R, and S) for each row to update the tool with the key inputs for your candidate sites.
Clear any extra sample projects (highlight the rows and then hit the delete key) so that
they do not impact the results.

2.

Sources and Uses Tab: Navigate to the Sources and Uses. The ‘uses table’ should have
automatically adjusted based on your inputs in the Scope Tab. To update the ‘sources
table’, navigate to the ‘debt financing assumptions’ table to the right of sources and uses
and manually update the anticipated loan amount and term for the debt. If the loan term
and rate are unknown, leave the sample values. The loan amount MUST be entered
manually. It should be less than the 70% LTV (loan to value) maximum 3 provided for
reference in the ‘Inputs’ section. A 60% LTV is a reasonable starting point. The Max LTV
field may be updated manually as part of Step 4 (Refine Model).

3.

REC Inputs Tab: If any candidate sites are likely to earn revenues for the sale of
renewable energy credits (RECs), enter the relevant data in this tab. Be sure to clear any
sample data on this tab before proceeding.

Step 3: Interpret Preliminary Results
●

Start by reviewing the Pro Forma tab. Check to ensure that there are no years of negative
cashflow and that debt service coverage ratios (DSCR) seem reasonable (typical
requirement is 1.3x). If there are issues, skip to Step 4: Refine Model - Fix.

3

The LTV in the tool is for the portfolio of projects inputted into the model. The LTV ratio for each
individual site within the portfolio does not need to be calculated.
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●

Review the Returns tab, which provides rough estimates of the benefits provided by the
solar project. Consider the following as initial points of data:
o Sponsor returns: Does the Internal Rate of Return (IRR) seem reasonable? If the
MFAH provider expects to serve as the sponsor investor, check this number
against their organizational return threshold. If a third-party will serve as the
sponsor investor, the IRR should be commercially reasonable (typically 10–
20%).
o

Community benefits: This number summarizes the lifetime value of energy
savings and other benefits flowing to the participating properties and provides
an indicator of the impact of the project (these benefits will also likely be
complemented by development fees and ongoing asset management fees). The
community benefits, such as job training investments 4 , energy savings, lease
payments and other benefits5 negotiated through the project are inputted on the
Pro Forma tab in the Expenses. Many are calculated on a $/kW annual basis. The
values from the Pro Forma will automatically populate the community benefits
table on the Returns tab.

Step 4: Refine Model
●

●

Fix: If the initial model run resulted in negative NOI [net operating income] or low DSCR,
consider some of the following adjustments:
o Remove the worst-performing projects from the portfolio. Use the income/cost
ratio in the scope tab as an indicator for this process.
o Increase the effective energy contract rate in the Scope tab (this will reduce
savings to recipients (subscribers for community solar projects) but increase
project revenues).
o Adjust financing assumptions, especially if subsidized financing could be
available.
o Explore whether additional grants or subsidies entered in the sources table
mitigate the issue. If additional grant funding is available, enter it into other
sources on the Sources & Uses table on the Sources & Uses tab.
o To address low DSCR, reduce the amount of debt financing. This will increase the
sponsor equity contribution.
Optimize: Make initial adjustments based on the preliminary results to test and optimize.
Examples of adjustments that optimize different types of benefits include the following:
o Optimize Sponsor Returns: Adjust loan amount and terms to optimize sponsor
returns. Typically, the highest amount of project debt that still allows the project
to meet DSCR targets will maximize sponsor returns.

4

Job training investments could be part of the community benefits expense entered on the Pro Forma or
it could be an expense entered on the Sources & Uses tab. If entered as an initial expense on the Sources
& Uses, the amount will prepopulate on the Returns tab. If it is an ongoing expense manually expand the
input to future years on the Returns tab.
5
Note that community benefits can include items beyond the benefits listed. Benefits can be negotiated to
meet the specific community needs. For example, energy generated from the solar PV system might not
be discounted for tenants but the savings from the energy placed in a fund to provide other benefits such
as money for groceries or medical needs.
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Optimize Energy Savings: If maximizing energy savings is a goal, toggle the
effective energy contract rates in the Scope tab to see how much of a discount
can be offered while maintaining reasonable debt service and sponsor returns.
o Optimize Development Fees: If maximizing development fees is a goal, test how
much these fees can be increased in the uses table while maintaining reasonable
debt service and sponsor returns.
Continue to update and refine the model as additional information becomes available
through the next steps below.
o

●

Next Steps: Additional Model Refinement
1.

2.
3.

4.

Select a Development Approach: See Framework for Selecting a Development Approach
(below) for more information on options and how to evaluate them in the context of the
preliminary model results and your organization’s needs. Depending on the selected
approach, consider engaging a development partner.
Refine the Portfolio: See Important Considerations to Refine the Portfolio (below) for
additional factors to consider alongside the preliminary model results in adjusting the
list of candidate sites.
Technical Scoping: Get more accurate sizing and cost estimates and begin the process of
system design. Some MFAH providers may choose to work with an engineering
procurement and construction (EPC) partner, others may engage an engineer to
complete preliminary designs and then bid out the work. More accuracy in system size,
capacity, and cost, is critical to refining the model and better understanding the project.
Financial Project Development: Engage with potential project lenders and investors to
get a more accurate sense of available financing terms.

Important Considerations
Framework for Selecting a Development Approach
Below is a framework for understanding the possible development options for MFAH providers.
As discussed above, this modeling tool is focused on helping analyze a portfolio-based approach,
which allows for greater potential benefits in most cases. However, in certain situations, a singlesite project may be strategic. Please see Appendix A for a description and the pros and cons of
each approach.
Single-Site:
Direct purchase: Much like a homeowner might work directly with a solar installer to
build solar PV on their home, direct purchase is the same model, just on a larger scale,
for MFAH providers.
● Lease / Power Purchase Agreement: A MFAH provider can negotiate to purchase the
solar electricity from an off-site facility at a set price for a determined amount of time
to meet their electric load.
● Fold into a planned rehabilitation or recapitalization: Solar PV system development can
be incorporated into a rehabilitation and the cost and debt considerations can be included
in the recapitalization.
Portfolio-Scale:
●

●

Ownership / Co-ownership: Ownership provides potential additional revenue streams
such as development fees, lease payments, and ongoing management fees in addition to
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●

the energy savings and the potential for return on any equity invested in the project.
Through ownership there is greater input on system design but there is increased risk
through guarantees and system performance.
Co-development: Co-development, like ownership/ co-ownership, also offers additional
revenue streams but there is not the increased construction and performance risk. No
equity is invested eliminating some potential income from returns.

MFAH providers should consider the following questions to help decide on a development
approach:

What are my goals for this project?
●

●
●
●

●

Energy savings (for properties or tenants): Energy savings can be achieved through any
project model, single-site or portfolio-based. Properties that don’t achieve enough
savings as a single-site to be economically viable can be subsidized by properties with
substantial savings.
Upfront development fees: Leveraging upfront development fees is feasible under
portfolio-based approaches (ownership / co-ownership and co-development). The
single-site project models do not provide an opportunity to generate development fees.
New revenue streams: Generating new revenue streams such as development fees, lease
payments, and asset management fees is feasible under portfolio-based approaches
(ownership / co-ownership and co-development).
New investment opportunities: MFAH providers with an ability to monetize the ITC can
consider ownership, either at single sites or a portfolio-scale. Nonprofits can still take
an ownership stake in their solar projects by acting as the sponsor investor alongside a
tax equity investor (similar to LIHTC structures). In this established model, after a
predefined period (typically 5–6 years), there is an ownership flip and the nonprofit has
the option to buy out the tax investor. The Pepco Washington, DC, Benning Road 1.15 MW
solar PV system developed by NHT Ingenuity Power, a joint venture between National
Housing Trust and Urban Ingenuity, utilized this model to partially finance the system6.
Meeting environmental goals: All models can help in meeting environmental goals, such
as reducing energy use and emissions from buildings, however, a portfolio-based
approach provides the opportunity to maximize impact by including projects that might
not be economically viable on an individual basis.

How much in-house capacity do I have?

Many MFAH providers have in-house capacity for some of the tasks associated with solar project
development and ongoing asset management. Development tasks include management of the
engineering and construction process, securing project financing, and managing contracts and
closing documents. Depending on staff comfort with solar PV technology and capacity, providers
should determine how ‘hands on’ they want to be in the project. For those with more limited
bandwidth or experience, engaging a development partner to lead the process, ideally one
familiar with affordable housing, can help support the project moving forward.
After the project is completed, asset management tasks include billing solar energy recipients,
project accounting, oversight of tax preparation, reporting to various project partners, and
supervision of ongoing contracts such as for O&M and REC sales. Once again, MFAH providers
should consider their experience and capacity in determining whether to handle these activities

6

Pepco and NHT Ingenuity Power Partner to Expand Access to Clean Energy and to Help Local Solar
Thrive in the District. Accessed 3/7/2022.

urbaningenuity.com

8

in-house or engage a solar asset management partner. MFAH providers can choose to proceed
with a portfolio-based co-ownership or co-development approach regardless of their response
to these questions. However, if they choose to allocate more of the development and
management functions to a third-party, this may reduce the potential for upfront development
fees and ongoing revenues (but will not impact opportunities for energy savings, sponsor equity
returns, etc.).

How much appetite for risk do I have?

The primary decision point between an ownership/co-ownership approach and a codevelopment approach is whether the MFAH provider wants to take on the project risk. In the
co-ownership model, the MFAH provider is the sponsor investor in the project, investing funds
(and/or deferring development fees) and earning returns on that investment. This role also
typically requires the MFAH provider to make certain guarantees, e.g., to the tax credit investor.
If the MFAH provider has a tax appetite, they can serve as the sole project owner, as a tax investor
will not be required. For providers with investment capital and some risk appetite, ownership
models may be an attractive new investment opportunity. For others, working with a third-party
to fill this role mitigates the need for upfront investment and added risks, but will not impact
other benefit streams such as energy savings, development fees, and ongoing management fees.

Can I work with existing financial partners on a solar PV project?

Portfolio-scale solar projects typically require construction financing, permanent debt (a loan
with long – minimum 10-year maturity), and tax equity along with the sponsor investment. MFAH
partners may be able to leverage existing partnerships with lenders and tax investors for solar
projects. Those with experience in renewable or energy efficiency projects are likely to be a
particularly good fit and working with known partners can help streamline the financing process
and reduce transaction costs and time. If an MFAH provider does not have financial partners who
would be interested and able to participate, engaging a more active development partner with
their own financial connections may be expedient.

Important Considerations to Refine the Portfolio
To help refine the portfolio, it is useful to consider some characteristics of each candidate site,
in addition to the features of the solar market in which they are located and characteristics of
the potential solar PV installation. Some things to consider:

Loads and Metering

Consideration of a site’s energy usage (load) and its metering structure can help determine
whether a candidate site is more feasible as a net-metered project (i.e., energy produced and
used to offset usage at the property, considered “behind the meter”) or community solar (energy
offsets usage at multiple subscriber meters, which may include off-site and on-site users,
considered “in front of the meter” and known in some situations as aggregated net metering or
virtual net metering).
● What is the metering structure at the property—master-metered or tenant-metered?
If tenant-metered, will the solar PV be used only to offset any house or common area
loads or will energy be provided to tenants? If offsetting common area usage, MFAH
providers should ensure there is sufficient load in comparison to expected solar
production.
● If offsetting tenant meters, will the project use a community solar structure or a
different strategy? Community solar can be used to allocate energy credits to
subscribers—tenants on the site or other offsite subscribers. Be sure to research
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●

local policy implications. In some markets, such as California, “virtual net metering”
structures for affordable housing restrict off-takers to only units at the site.
Do utility allowance formulas allow for the benefits of reduced energy costs to be
realized by the property or tenants? If not, consider charging market prices or selling
the energy to off-site subscribers and using a portion of the proceeds to provide
benefits instead of providing a direct discount on energy to tenants.

Physical Constraints

In addition to the potential capacity and production of a PV array, consider the state of existing
infrastructure to determine if the project is viable from a technical standpoint.
●

●
●
●

●

Is the roof in good condition, or will it need to be replaced within the next 15 years? If the
roof is in poor condition, can property reserves fund replacement before the solar is
installed? Can the solar project savings and revenues sufficiently offset additional costs
for roof repair?
Is the roof structurally able to support additional load? This will ultimately require the
judgement of an engineer but consider any existing information on structural capacity.
What is the status of electrical infrastructure at the site? Would wiring and electrical
panels need to be updated to accommodate the addition of solar? Like, roof upgrades
and repairs, these costs should be considered as part of the project.
Is there sufficient space on the roof to accommodate solar? Due to location of existing
mechanical equipment, portions of roofs may not be suitable for solar. Additionally,
equipment, trees and nearby buildings can create shading, diminishing the solar
production capacity of the roof.
More broadly, how would the project interconnect to the existing utility grid? Would the
utility require upgrades to support the added generation and at what cost?

Regulatory Barriers

Solar on affordable housing properties requires a consideration of the underlying property
ownership and financing structures. Consider the number of interested parties and how likely
they are to cooperate to help gauge how difficult or time-consuming it may be to deal with
regulatory issues on a given site. In some cases, agreements with existing lenders or investors
may require their approval prior to construction on site or any new easements / leases. In others,
the solar project lenders or investors may require acknowledgement from existing property
lenders and investors. In either case, this is one factor that should be considered in the evaluation
of a candidate site, along with the technical considerations and project economics.
● Who owns the land? Is the site owned fee simple or leased via a ground lease?
● What is the structure of the solar ownership entity? Is there a tax credit investor in the
ownership?
● What existing debt is on the property? What is the MFAH providers relationship with the
existing lenders? Approvals are required when the property has loans guaranteed by
government agencies or entities such as Freddie Mac may require additional steps or
have increased costs.
● Are there any other parties with a claim on the property whose approval may be needed?
Examples might include local government agencies who provided grants or cashflow
loans, parties named by any covenants on the property, etc.

Resilience Needs

Consider these questions to determine whether including battery storage may be worth
exploration at any of the candidate sites. Note: battery storage projects will require their own
preliminary feasibility scan based on additional criteria. They can provide resilience benefits and
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potential additional revenue but do introduce significant complexity. NREL’s REopt tool can
provide valuable analysis for solar + battery feasibility. Broad considerations include:
o

o

Is the ability to maintain power during grid outages particularly important at any of
my properties? This may be the case if the site houses particularly vulnerable
populations, such as seniors or large numbers of young children who are particularly
impacted by extreme heat or cold during blackouts, or those with chronic illness who
may require energy to charge medical devices or keep medication at specific
temperatures.
Are there nearby facilities that could benefit from the ability to maintain power
during grid outages, such as community centers, first responder facilities, healthcare
facilities? Is it feasible to interconnect with these facilities?

Note on the Sample Projects
The portfolio of sample projects included as an example in the model is intended to demonstrate
three types of projects. The sample portfolio includes projects in southern California (no
subsidies included, but high annual production and high market electricity costs), New Jersey
(moderate production paired with revenue from Renewable Energy Credits over 15 years), and
New York (moderate production with substantial upfront subsidy). Each set of projects offers
slightly different economics, but together they suggest the different ways that projects can be
viable as part of a larger portfolio. Some may be lucrative on their own simply due to high
production or because of high market electricity rates, which allow for higher PPA prices. Others
require upfront or ongoing subsidy (RECs or Feed-in-Tariff revenues) for economic viability.

Appendix 1: Ownership Models
This section provides further background on the various development approaches discussed
above.

Single-Site
As noted above, in certain cases, a single-site approach could be attractive. Examples include
MFAH providers that only have 1-2 viable sites (especially if these are large) or proceeding with
a single project outside of or ahead of a larger portfolio that allows an MFAH provider to capture
time-sensitive subsidies, or to fold into a larger property refinancing. At a single site level, MFAH
providers can directly purchase the system, enter into a lease or Power Purchase Agreement
with a third-party, or (if timing allows), fold the solar PV into a planned recapitalization event.
Table 1 below provides a summary of some important pros and cons of these approaches.
Table 1: Pro & Cons of Single-Site Solar Development
Option 1: Direct Purchase
Energy savings & reduced
costs (+)
Environmental &
community benefits (+)
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Option 2: Lease/ PPA
Energy savings & reduced costs
(+)
Environmental & community
benefits (+)

Option 3: Fold into
Recapitalization
Energy savings & reduced
costs (+)
Environmental & community
benefits (+)
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Price stability (+)

Price may escalate (-)

Price stability (+)

Control over asset (+)

3rd Party owns asset on roof (-)

Control over asset (+)

Significant upfront cost (-)

Low/ no upfront cost (+)

Significant upfront cost (-)

Ongoing O&M (-)

3rd Party handles O&M (+)

Ongoing O&M (-)

Burdensome approvals (-)

Burdensome approvals (-)

Construction risk (-)

No/ low construction risk (+)

Approving parties at the table
(+)
Construction risk (-)

Can be hard to capture tax
benefits (-)

Tax benefits passed to system
owner (-)

Beneficial tax treatment, but
limited window of opportunity
(+)

Portfolio-Scale
Both for-profit and non-profit affordable MFAH providers can develop solar PV across their
portfolios for better cost effectiveness. A portfolio approach provides MFAH partners more
control and flexibility over their project (including opportunities for development fees and
ongoing revenues), and can create better economics by leveraging the following:
●
●
●

Standardized agreements and partnerships
Economies of scale in construction and financing
Improved access to capital with better pricing

MFAH providers can choose to own the systems, either alone or with a tax equity partner (“CoOwnership”), or work with a third-party sponsor investor (“Co-Development”) and maintain a
development role while avoiding the need for upfront investment and mitigating risk. Typically,
these approaches are not viable for a single project unless it has sufficient scale (~1 MW or
larger), as transaction costs will be too high. The table below describes the pros and cons of each
ownership model.
Table 2: Pros & Cons of Portfolio-Scale Solar Development
Option 1: Co-Ownership
Development fees (+)
Ongoing management fees (+)
Returns on equity (+)
Energy savings & lease payments (+)
Key role in securing property consents,
design approval, & community benefits (+)

Option 2: Co-Development
Development fees (+)
Potential ongoing for management fees (+)
NO returns on equity (-)
Energy savings & lease payments (+)
Key role in securing property consents, design
approval, & community benefits (+)

Guarantees to debt & tax equity (-)

NO guarantees or equity investment required (+)

Construction/ performance risk (-)

NO construction/ performance risk (+)
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