
This work has been supported by NSF Award ECCS-1952193.  
 

1 

Financial Valuation of Distributed Solar Resources in Texas using 
Electrified Transportation Hubs as a Case Study 
 
James Sean Corcoran∗1,2, Christopher Matos1,3, Ariane Beck3, and Varun Rai3,4 
 
1Jackson School of Geosciences, The University of Texas at Austin 

2McCombs School of Business, The University of Texas at Austin 
3LBJ School of Public Affairs, The University of Texas at Austin 
4Department of Mechanical Engineering, The University of Texas at Austin  

 
 

1. Introduction 
 

This paper introduces a solar calculator adapted from the National Renewable Energy 

Laboratory’s Cost of Renewable Energy Spreadsheet Tool (CREST) [1] and UT LBJ’s 

community solar financial model [2] to assess the economic viability of co-located solar and 

storage projects at electrified (E-) transportation hubs in the Austin, Texas region. This 

model was developed as part of a multidisciplinary Austin-based pilot study that 

investigated a novel E-hub concept to integrate heterogeneous E-modes (buses, shared 

scooters/bikes, private vehicles) that could benefit regional infrastructure and affect socio-

economic growth. While the use-case selected for this paper is very application- and 

regional- specific, its construction is generalizable enough to adapt to a wider set of 

distributed-energy generation (DEG) and commercial-scale projects in various markets 

around Texas and the U.S. 

E-hubs: E-hubs are transportation infrastructure that can jointly host E-buses, E-scooters 

(including E-bikes), and E-vehicles (EVs) with multi-dimensional impacts to urban 

infrastructure and communities. The E-hub concept builds upon the rising deployment of E-

buses/E- scooters, in addition to growing number of EVs. For example, within the Austin 

study area, people rode E-scooters an estimated 1.3 million miles just in the last year [3]. 

Moreover, Austin’s Capital Metropolitan Transportation Authority (CapMetro) began to 
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rollout their all-electric bus fleet in 2019, with 12 E-buses currently in use around the city 

and plans to purchase 200 more over the next five years [4,5]. Similar transitions are also 

underway in large metropolitan areas such as San Francisco and Los Angeles. Metro transit 

agencies’ modernization efforts create an opportunity to convert existing or planned transit 

centers into the proposed E-hubs. An E-hub’s transit charging infrastructure can also be 

utilized by commuters  who are either EV owners or E-scooter users, the basis for the E-

hub concept. 

Motivation: Local energy resources at E-hubs can provide both system benefits for the 

wider grid and financial benefits for the E-hub operator. The availability of large, clear 

spaces, namely commuter parking lots, present an opportunity to install local solar and 

storage capacity.  

The operational and system benefits derived from local solar and storage are clear. E-mode 

charging provides demand flexibility when immediate charging is not required [6]. The 

diversity of resource charging at E-hubs is spread across the different transportation modes. 

For example, E-busses charge according to fixed schedules throughout the day, while EVs 

and E-scooters enjoy more flexible charging windows. When considered together, the load 

demand for E-hubs may be substantial, and local behind-the-meter solar resources can 

reduce the E-hub’s burden on the grid system and defer expensive distribution system 

infrastructure upgrades.  

The financial benefits of installing co-located solar & storage resources are less clear but 

are sufficient to carry forward with the installation of such infrastructure. This uncertainty 

drives the motivation for the development of this calculator. 

Theoretical Framework: This solar and storage calculator generates a discounted cash-

flow (DCF) model to evaluate project economics of site-specific solar & storage installations 

at transportation hubs in the Austin Energy service area. The DCF model is an intrinsic 
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evaluation tool used to calculate the value of a project by forecasting the expected revenues 

net of costs for the entirety of the project’s lifetime. DCF models are ideal for projects in 

which projected revenues and costs are both quantifiable and easy to predict. For this 

calculator, these cash flows represent the incremental (or marginal) revenues, savings, and 

costs of E-hub sites with local resources installed relative to a base-case stand-alone E-hub 

site. The model produces two high-level evaluation metrics: Net Present Value (NPV), 

which is a time-adjusted net value for the project found by discounting back all cash flows 

using a risk-adjusted discount rate, and Internal Rate of Return (IRR), which is the rate of 

return required by the project to produce a NPV of 0. 

As part of its construction, this calculator considers all relevant financial and policy 

parameters were, and is designed such that it is adaptable for future modeling applications. 

Similar to CREST [1], the base model it was derived from, this calculator includes the 

flexibility to adjust: 

• Ownership by either a taxable (private sector investor) or non-taxable 

(government, non-profit, or cooperative) entity 

• Financing based on equity-only or a specified proportion of equity and debt, 

subject to minimum debt service coverage requirements 

• A significant level of detail for capital and operating cost inputs 

• All of the most commonly available federal, state, and local renewable energy 

incentives to ensure that modeling results produce a valuation that is net of 

other available incentives. 

Model input parameters were set to consider deterministic downside, base, and upside 

cases to place bounds for all credible input ranges. Then, to reflect the stochastic nature of 

an infrastructure project’s costs and performance throughout its lifetime, Monte Carlo 
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simulation was used to perform sensitivity analysis using a random sampling of model 

inputs.  

Key Findings: Local solar and storage installations at Transportation E-hubs face 

economic challenges given technology limitations and current policies. For non-profit 

owners like CapMetro in Austin, Texas, the most prohibitive barriers to economic viability 

are the lack of access to capital and the inapplicability of tax and utility-offered incentives. 

To improve the likelihood of installing these valuable local resources at electrified transport 

centers, innovative new ownership structures and other novel solutions will need to be 

explored.  

The following work provides developers, urban planners, and policymakers with a tool to 

evaluate the viability of local solar and storage resources for E-hubs, as well as explore how 

changes in policy and incentive structure can impact the viability of such projects. To 

organize this work, we will first review related modeling literature. Then, we will discuss the 

modeling tool’s methodology and parameterization. Finally, we will examine base-case and 

sensitivity analysis results, to ultimately make conclusions and recommendations for these 

stakeholders moving forward. 

2. Review of Related Literature 

1. Solar Valuation Methodology 

2. Benefits of Distributed Energy Resources 

3. Electrified Transportation infrastructure 

 b. impacts on grid/distribution system 

 a. integration with DER 
3. Methodology 

 The solar calculator developed here is a modified form of NREL’s CREST tool and 

UT LBJ’s community solar financial model [2]. Through adapting these modeling 
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frameworks to include incentives and revenue structures relevant to commercially sized 

behind-the-meter installations, the marginal cash flows from installing local resources at 

E-hub sites can be projected throughout the project’s lifetime.  

Input parameterization: Model case parameters source from the CREST calculator 

and were updated to reflect current cost assumptions from NREL. These Include: 

1. Solar capital cost components, pulled from the latest public version of 
NREL’s System Advisor Mode (SAM) [7] 

2. Solar Operations and maintenance and system longevity assumptions 
from NREL’s Annual Technology Baseline 2020 (ATB2020) [8] 

3. Battery storage cost Assumptions from ATB 2020 [8] 
4. Carport costs adders and performance metrics from local installer 

interviews, including a 2x structural BOS cost range due to installation soil 
type 

5. Financing Assumptions from the Renewable energy industry leading 
modeling course Pivotal180 [9] 

 
The resulting base-case installation cost assumption for these carport solar systems is 

$2.01/kW. The cost breakdown can be found in Figure 1 below [7,8]. The downside case 

installation cost is $1.91/kW, and the upside case installation cost is $2.66/kW. Estimated 

base case installation costs for 4-hour lithium-ion battery storage is $1,455/kW. 
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Figure 1: Base case capital cost breakdown for installed carport solar capacity 

Site Selection: Modeled sites were selected from a range of current Capital Metro 

transportation facilities (See Figure 2). Candidate sites were evaluated based on a 

variety of quantitative and qualitative metrics, including parking capacity, tree coverage, 

geographic centrality, and bus service breadth. Solar capacity potential per parking 

space was assumed to be 3.22kW [10]. Sites were then narrowed down based on total 

potential capacity, with a target installation range of 500-1000kW to capture economies 

of scale while remaining eligible for local behind the meter tariffs. Based on these 

criteria, we ultimately selected the North Lamar Transit Center (860 kW) as the primary 

demonstration site of this model (Figure 2). Tech Ridge (1530 kW) and South Congress 

Transit Center (200 kW) were selected as the large and small capacity modeling sites, 

respectively. 
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Figure 2: Candidate Site Location Pool and North Lamar Transit Center, the 

Ultimately Selected Installation Site 
 

Available Solar Incentives: Incentive streams for solar systems can vary depending on 

utility jurisdiction, system size, ownership structure, and grid interconnection category. 

For the purposes of this modeling exercise, these incentives can be broken down into 

realizable and non-realizable incentives for the non-profit electricity customer Capital 

Metro in the Austin Energy service area. 

1. Realizable Solar Incentives 

a. Value-of-Solar Tariff (VOST): The Value-of-Solar Tariff is the rate at which 

Austin Energy compensates customers for solar produced with their on-site 

systems. It is separately metered than their on-site consumption, and thus is 

a form of buy-all-sell-all behind the meter generation. The applicable rate 

varies by customer type and system size and can be found in Table 1 below 

[11]. 

Table 1: Value-of-Solar Tariff Schedule 
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b. Performance Based Incentives (PBI): Austin Energy offers commercial 

(and non-profit) customers who install solar PV can claim a per kW PBI for 

the first 10 years of the project’s lifetime. The incentive is available for a 

limited capacity of projects in three tiers. The largest tier, for projects up to 

1000 kW, is currently offering $0.03/kWh 

c. Project Grants: Project Grants to support non-profit, difficult to finance, and 

innovative solar projects may be available from federal, state, and corporate 

sources. No specific grants were considered in this case study. 

2. Non-realizable incentives 

 a. Utility Rebates: Many utilities, Austin Energy included, offer flat or capacity-

 based rebates to cover part of the upfront cost of installing a solar system. 

 Austin Energy’s rebate programs are only available to residential and multi-

 family housing customers. 

 b. Renewable Energy Credits (RECs): tradable, non-tangible commodities  

 that represent the clean energy attribute of renewable energy generation. 

 While solar owners could hypothetically sell these RECs in a number of 

 national and state-level markets, Austin Energy claims all RECs when 

 compensating solar owners with the VOST. 

c. Tax Benefits: There are a number of tax benefits incentivizing solar that 

CapMetro cannot take advantage of due to its status as a non-profit status. 

These include federal incentives such as accelerated depreciation and the 

incentive tax credit, as well as local incentives such as the solar property tax 

exemption. 
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Determination of Capturable Battery Financial Benefits: While the available marginal 

benefits of an installed solar system are quite clear, the financial benefits of installing 

behind the meter battery storage is less so. On the policy side, this can be attributed to 

the relative immaturity of battery storage technology — while batteries have developed 

enough to begin to offer substantial grid system benefits, there are still minimal policy 

incentives available to accelerate adoption. Fortunately, market-based financial 

incentives do exist, and they include demand-response, time-of-use charge 

management, and demand charge management [12]. The ability to monetize all of these 

depends on the specific tariff structure of the service territory. In Austin Energy’s service 

territory, demand charges can constitute a significant portion of commercial customers’ 

bills. Thus, we analyzed the ability of an installed battery storage system to enable 

demand charge savings. This was achieved by comparing Austin Energy’s tariff 

structure to an E-hub’s representative load and an onsite solar system’s representative 

generation profiles. Analysis was based on data from the selected North Lamar Transit 

Center site. E-bus, EV, E-scooter load volume were assumed based on parking capacity 

and bus service coverage. Representative daily charging profiles for each E-mode were 

found from Rocky Mountain Institute [13]. An on-site solar system’s generation profile 

can be found using NREL’s SAM. Figure 3 below shows the interaction between these 

variables and demonstrates the potential for a 4-hour battery to reduce monthly demand 

charges for a customer by shifting some of their grid-tied electricity demand to lower 

load periods. 
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Figure 3: The interaction between load and generation profiles at NLTC show the 
potential savings from demand charges due to installed battery storage capacity 

  
Note that demand charges are based on a customer’s highest instantaneous load over 

each month, so the battery storage system needs to be available reliably over the 

course of month. Unreliable battery availability or shifted load profiles were not 

considered in this analysis and can limit the ability of battery storage to provide these 

electricity cost savings.    

Sensitivity Analysis: Distribution shapes over the downside and upside input 

boundaries were estimated to account for the stochastic nature of such variables in real 

systems. For variables with upper and lower value limits but no clear normal distribution, 

a triangular distribution shape was selected. For variables in which only an upper value 

limit was defined, a reciprocal distribution shape was selected simulations were run 

using the Excel @RISK add-on to determine the statistical distribution of project IRR 

and NPV for solar and storage resources at the selected project site. 

4.    Model Results and Analysis 
At the primary modeling site, North Lamar Transit Center, an 860kW solar-only system 

achieves a predicted IRR of 1.29% in the baseline, compared to -2.0% for a 1530 kW 
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system at Tech Ridge, and -2.1% for a 200kW system at South Congress Transit Center. 

North Lamar Transit Center also predicts an IRR of 5.25% in the upside cost/performance 

scenario and -5.62% in the downside cost/performance scenario. Under no modeled 

scenario, adding a co-located battery storage capacity improves financial returns for the E-

hub site. At the North Lamar Transit center, for example, including a 200 kW, 4-hour battery 

system to the 860 kW solar array drops projected IRR to 0.7%. 

 A Monte Carlo analysis of the solar-only system at North Lamar, shown in Figure 4 below, 

demonstrates that 90% of model simulations in the stochastic form achieve a project IRR 

between -1.81% and 2.45%. These low project returns stem from four primary factors: (1) 

weak marginal revenue streams, (2) insufficient access to the full suite of incentives, (3) 

high upfront capital costs, and (4) an inability to boost returns through leverage. 

 
Figure 4: The distribution of project IRR for the North Lamar Transit Center under 
stochastic cost, performance, and durability conditions 
 

Results across project sites can be found in Figure 5 below. North Lamar’s superior project 

returns compared to Tech Ridge and the South Congress Transit Center are attributed to a 

solar system size that is sufficient enough to capture economies of scale, but small enough 

to qualify for the higher credit rates from Austin Energy.  
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Figure 5: Cumulative cash flows across modeled scenarios 
 
Figure 6 shows the impact of model inputs on the project IRR. The value-of-solar tariff, 

when adjusted to the non-demand rate of $.097/kWh or the over 1000kW rate of 

$.047/kWh, has the largest effect on project IRR. It is followed by the VOST escalator, the 

capacity factor of the solar project, and then the structural BOS. The large upside and 

downside effects of these inputs mean they are crucial for developers and customers to 

control when considering the installation of local solar resource to determine the ultimate 

success of the project. 

 
Figure 6: A tornado chart demonstrating the relative impact of selected variables on 
Project IRR 
 
Barriers to Installation: Across all selected sites, project returns are low and hardly sufficient 

to meet the most aggressive hurdle rates for solar projects at 5% (5% represents NREL’s 



Distributed Solar Valuation in Texas 
 

 13 

standard interest rate required by Commercial PV projects in 2020) [14]. There are a 

number of barriers to installation that lead to this result: 

a) Access to Capital: Behind-the-meter solar projects owned by non-profit owners face 

many difficulties to raising capital. On the debt side, these projects may have trouble 

qualifying because of insufficient free cash flows to meet minimum debt service 

coverage ratios (DSCR). Many lenders may also be unwilling to contract with such 

small capacity projects. This debt financing, through leverage, could boost equity 

returns in a successful project. Similarly, these types of projects will have difficulties 

raising capital from Tax Equity sponsors, who could claim the investment tax credits 

to reduce their tax burden as part of their return. This in turn boosts returns for the 

remaining equity holders throughout the project’s lifetime.  

b) Ownership Structure Restrictions: Solar Projects, like the one considered by Capital 

Metro, may also be limited by restrictions to certain ownership structures. Austin 

Energy and other utilities have tariff restrictions to third-party ownership structures in 

their service territory. Thus, solar leases and third-party PPAs, which could reduce 

the upfront capital cost by enabling certain entities to install solar, are unavailable. 

c) Unincentivized benefits: Finally, there are some benefits to the wider grid system, 

such as improved circuit resiliency/reliability and deferred investment in 

generation/distribution system upgrades, that are not being fully incentivized by 

many interconnecting utilities and grid operators. While Austin Energy attempts to 

quantify these benefits into VOST pricing, the true-value of these distributed energy 

resources is continuously being analyzed and should be consistently being updated. 
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4. Conclusion 

This solar calculator provides framework by which entities may estimate the financial 

viability of behind-the-meter, commercial scale solar projects in Texas, though the results 

can be readily adapted more broadly. The modeling parameters for this demonstration are 

based on the financing and technology available to an Austin, Texas based public 

transportation providers, but the solar calculator can be adapted to model a variety of 

commercial scale, behind-the-meter renewable energy projects with different ownership 

structures.  

The benefits of solar and storage technologies at E-hubs are evident, but the incentive 

structures are not always strong enough to encourage adoption. Policy and market 

incentives may need to change in many jurisdictions to accelerate the growth of this 

renewable energy application Primary policy levers that could reduce barriers to distributed 

solar installations in this context include: 

1. Targeted Grants for non-profit or government based organizations 
2. Targeted Incentives/lifting of restrictions/tiers for certain types of organizations 
3. Restructuring of incentives away from reducing tax liability and towards the value 

added to system to enable more types of organizations to take advantage of the 
incentives 
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