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EXECUTIVE SUMMARY 

Solar power in 2012 amounted to 1% of the overall electricity generation output of the United 
States,1 a seemingly small number that translates to a staggering 40,477 thousand-megawatt 
hours of electricity generation. The most remarkable aspect of the solar story is its rapid growth 
rate. It would be detrimental to the utility industry to ignore the market disruption caused by 
alternative energy and solar power in particular. Expansion of renewable capacity produces a 
multitude of financial and environmental benefits that utilities and states could realize if they 
successfully combine appropriate policies and business strategies. In this case Delta Eta strives 
to provide SPL with just that.  

To meet the required 4% solar carve-out mandated by the state, Delta-Eta recommends an array 
of tools and options that could be used together or separately. These tools are proposed with 
consideration for longer-term prospects of the industry and are employable beyond the 4% 
carve-out. In formulating these tools, Delta Eta assumes a hypothetical state characterized by 
average U.S. solar insolation and average electricity prices, generation fuel mix, and demand. 
Delta Eta then turns to a set of policy proposals to restructure rates such that solar development 
and distributed generation are incentivized while maintaining a fair and prudent revenue stream 
for the utility. A hybrid model of real-time and time-of-use pricing is proposed as the most 
cost-effective rate scheme that would also encourage highest efficiencies. Along with proposals 
for decoupling and smart meters, the hybrid model is positioned to accommodate the goal of 
distributed generation and peak shaving, particularly in the summer months. Installation of 
smart meters are particularly important in implementing other efficiency technologies such as 
those employed by various Demand Response programs.  

In addition to policy proposals, Delta-Eta identifies three strategies to meet the 4% mandate. 
The favorite among those strategies is commercial PV uptake (50 kWh or larger systems), 
followed by utility-scale solar, and SREC purchases. SPL should strive to achieve the highest 
level of compliance first through energy efficiency measures and then through commercial PV 
installations. As the case outlines, if by 2020 the commercial build-up projection does not meet 
the required mandate, SPL should turn to utility-scale solar. SREC purchases are included as a 
last resort option but also may be used to complement the other two strategies. Delta Eta’s 
recommendations further include calculations of PV modules to determine the best 
combination of models, number of installations, and installed cost. This analysis is used in two 
financing options based on Delta Eta’s analysis regarding capacity roll out and funding 
requirements under the three strategies proposed. The analysis shows a financing requirement 
ranging from $620-670m respectively for utility scale plants, to $780m for a scaled commercial 
rollout of 50-kW or greater, systems over the next nine years. Delta Eta assumes a funding 
capital structure of 25% equity and 75% debt, a cost of debt at 5.5-6.0%, a Return on Equity of 
approximately 8.5% and a Hurdle Rate of 10%. It is noteworthy that the assumptions are 
purposefully general so the analysis can be replicated across other operational locations. 
Additionally, Delta Eta proposes a marketing and educational campaign to inform ratepayers of 
changes in the rate structure and mechanisms by which they could increase efficiency and 
reduce consumption during peak hours. 

1 http://www.eia.gov/energy_in_brief/article/renewable_electricity.cfm 
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HERE COMES THE SUN CASE CHALLENGE 
Springfield Power and Light (SPL) is an investor-owned, regulated state utility with 8,000 
GWh of annual retail sales. The goal for 2023 is to reach an annual solar carve-out of 4% by 
leveraging a scalable, cost-effective and sustainable strategy, with a reasonable financial return 
on investment. Assuming this demand is held constant over time, the annual solar carve-out 
goal is 320GWh.  A comprehensive list of case assumptions can be found in Appendix A. The 
final recommendations will focus on incentivizing a commercial solar PV build-up, energy 
efficiency, and distributed generation on commercial buildings, while maintaining the 
commitment to reliable and affordable service for ratepayers.  

In pursuing policies to achieve this goal, several unknowns must be forecast and accounted for. 
The accuracy of any forecast is an uncertain predictor of reality, but can still serve as a useful 
framework to model the decision-making process.  In order to ensure the most flexible, 
responsive and cost-effective approach to reaching the carve-out along the “timeline” to 2023, 
SPL’s solar acquisition team, Delta Eta, has developed a three-pronged framework, 
underscored by shifting from a fixed or volume-based retail rate structure to time of day 
electricity pricing. 

SPL IN A DYNAMIC ELECTRICITY LANDSCAPE 
With high uncertainty ahead for the electricity sector, 
utilities are being forced to reinvent their market strategy 
in order to stay competitive within an exogenously 
evolving electricity landscape. Utilities are finding it 
increasingly difficult to forecast reliable medium and 
long-term cash flows due to the uncertainty surrounding 

the penetration of renewable generation and increasing customer-side energy management that 
impacts an ever-larger share of the electricity market; a factor that will perpetuate in the 
coming decades. Two-way and multi-party transactive relationships will develop between 
utilities, ratepayers, and intermediaries.  

The increasing penetration of renewable energy, Demand Side Management (DSM) services, 
energy storage options, and efficiency measures are threatening the traditional revenue 
framework for utilities. An aging infrastructure and legacy institutions will resist this change as 
long as possible and eventually must adapt or risk becoming stranded assets (Linvill, Shenot & 
Lazar, 2013). A foundational challenge to see the mandate succeed is to adequately incentivize 
SPL to buy into the carve-out goal in the first place. With Distributed Energy Resources 
(DERs) – solar PV, combined heat and power, wind, landfill gas - contributing an increasing 
share of the grid, scaled costs for utilities’ fixed Transmission and Distribution (T&D) – which 
include costs to build, operate and maintain the transmission system, totaling about half of the 
retail price – potentially increase due to needed upgrades to accommodate the more intermittent 
DERs to keep the grid stable. These include advanced system controls, and the formation of 
capacity for intermittent renewables. 

Concurrent with the costs are multiple benefits associated with DERs and especially solar PV 
(Appendix B). Daytime PV generation has an easing effect on wholesale prices during peak 
demand times. With a near-zero marginal cost, PV replaces virtually all other generation 
sources that sell into the wholesale market on the margin. This marginal price reduction is 
substantial at low carve-out levels because the most expensive peaking generation assets (such 
as inefficient oil or gas generators) are forced off the grid. For SPL, exploiting solar will have 
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cost reduction opportunities2.  Complementary benefits comes as T&D investments needed for 
DERs raise efficiency by easing natural grid bottlenecks and lowering line losses for the utility. 
For SPL such benefits are magnified because demand exceeds generation capacity in 35% of 
summer days.  

Over the next decade, the obligatory RPS carve-out will increase the share of DERs in the 
state’s electricity generation mix. SPL will face the resulting consequences whether or not they 
decide to invest in new distributed generation sources. Therefore, in adopting solar into the 
generation mix, SPL hedges an expensive opportunity cost of non-compliance. This mandate 
presents a unique opportunity for SPL to justify switching costs to modernize its infrastructure 
and business model to stay competitive. 

Grid Modernization 
In order to most effectively meet the future demands of a more dynamic energy grid, SPL will 
install smart meters throughout its service territory. This will enable a more interactive grid 
with real-time data to drive efficiencies. The costs associated cost will largely be offset by 
increased efficiency capture and improved grid reliability and manageability. Smart metering is 
a fundamental precursor to an effective distributed generation and DSM program. The smart 
meter rollout will enable real-time pricing to be charged in the retail market, further 
incentivizing efficiencies downstream on the end-use side.  

Smart metering and time-based pricing allow users to change consumption behavior. Ceteris 
paribus, and conservatively assuming a 5% efficiency gain, this would reduce the current total 
demand of 8,000GWh to 7,600GWh, and reduce the nominal 4% solar carve-out amount to 
304GWh3. SPL will now be able to more easily meet the mandate while avoiding the additional 
cost of 16GWh of PV. Also, the cost savings associated with the resulting increased capacity 
margin will address the summer generation shortfall. Similarly, a recent study indicated that a 
2.5% reduction in electricity use at peak times during summer could save California $700 
million (Wright, 2013). 

SPL Rate Proposal 
In order to thrive in the shifting landscape of electricity, SPL would need a comprehensive 
restructuring of its costs and rates, some of which would require partnership and approval of 
the state’s PUC. Delta-Eta recommends that SPL shift away from volumetric pricing and 
Location Based Marginal Pricing schemes. The recommendations comprise of incorporating all 
relevant DER values into the cost structure, partial decoupling of its rate scheme, and dynamic 
pricing. New rates would be set using a basic formula that takes into account both fixed and 
marginal costs of operation.4

As evident in this formula, switching to a real-time or time-of-use pricing as proposed by 
Delta-Eta would only be a minimal change in the overall revenue stream of the utility as it 
would reduce the fuel charges included in the rate. However this reduced source of revenue is 
offset by lower fuel costs that utility incurs in the first place and avoided energy and capacity 
costs. These cost savings include “avoided generation, distribution and transmission, avoided 
line losses, avoided price and supply risks” associated with non-fossil sources. (RAP designing 
DG p5). Given the environmental benefits of the proposed strategies we anticipate minimal 

2 Under the assumption that SPL is decoupled 
3 8000GWh * (0.95) * (4%) = 304GWh 

4 Revenue requirements = Operating expense + Fuel charges+ (Gross value of utility’s assets – utility’s accrued depreciation) x Rate of 
return 

  

 

 
  

                                                        



US DOE: BBCC 2014 - Here Comes the Sun                            
Delta Eta 
                
opposition from the environmental community in the rate proceeding. However, SPL may 
experience some pushback by ratepayer advocates over potential increase in electricity bills due 
to real-time pricing particularly during peak demand. To address these concerns, Delta-Eta 
proposes inclusion of an opt-out option for senior citizens and low-income residential 
customers that wish to remain on the fixed, volumetric pricing scheme.  

The goal is to reach the mandated solar penetration while achieving maximum efficiencies that 
would improve the environmental brand of the utility without damaging financial health of 
utilities, a critical tool in maintaining a reliable grid and infrastructure.  

Decoupling for non-renewable energy generation proposed to the PUC 
Decoupling refers to separating electricity sales from the revenues collected. In the traditional 
rate structure, rates are set based the volumetric consumption of ratepayers. Those that 
consume more electricity, pay more in their electricity bills, providing the utility with higher 
revenues. This scheme clearly incentivizes the utility to encourage higher consumption, as it 
would lead to higher revenues. Decoupling would allow the utilities to earn a guaranteed rate of 
return, regardless of the amount of electricity consumed by ratepayers. This structure 
incentivizes conservation and efficiency measures. Decoupling can be done fully or partially 
Delta-Eta proposes that SPL approaches the PUC with recommendations for partial decoupling 
based on cost recoveries that directly correlate with efficiencies achieved (eg: Avista 
Utilities)(Regulatory Assistance Project [RAP], 2011).After decoupling has occurred, Delta Eta 
recommends an integration of smart metering and a reform of rate structures to reflect the value 
based on time of day. 

Reforming Rate Structures 
Commercial businesses are uniquely positioned to seize supplementary value through solar 
adoption - benefit that utilities forgo. By having solar generation on-site either on rooftops or as 
parking lot canopies, they increase CSR and green brand awareness with customers, and 
canopies provide added value by customers through shading on wet or hot days.  

As SPL evolves to a pricing platform that reflects the value of power as a function of time of 
day, energy efficiency measures will be incentivized and adoption of solar will become 
comparatively cheaper than a the traditional fixed pricing system. Two such popular pricing 
models include real-time pricing (used by the Puget Sound Energy Utility, Washington State) 
and time-of-use pricing (recently adapted in California). An innovative merged version of the 
two, the Delta-Eta Hybrid Model, will be deployed to best incentivize commercial uptake.  

Real-Time Pricing (RTP) 
Similar to TOU, RTP schemes 
adjust electricity prices based 
on the cost of generation. 
However, in this scheme, 
prices are tied directly to the 
prices in the spot wholesale 
market in real time. This rate 
structure closely matches the 
economic cost of generation to 
consumption and encourages conservation by customers during peak hours when the electricity 
prices are the highest. However, it could lead to greater volatility in utility bills compared to 
TOU pricing. 
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Time-of-Use Pricing (TOU) 
TOU pricing ensures reliability 
of the grid by encouraging 
conservation during peak hours. 
Under TOU, a set schedule of 
rates based on season and time of 
day are adopted. For retail 
customers, this rate structure 
gives consumers the optionality 
to schedule their electricity consumption proactively, which increases energy efficiency 
potential. TOU pricing is also reflective of the marginal costs of generating electricity. As the 
marginal costs increase during peak hours, the rates will increase as well. The TOU pricing has 
been adopted in several states and utility territories, most recently being California.  

The Delta-Eta Hybrid Model (DHM) with Decoupling 
Combining elements of both 
TOU and RTP results in an 
innovative hybrid-rate structure 
in which off-peak rates are pre-
determined and based on 
historical trends in electricity 
usage, while peak-time pricing 
reflects the real-time price in 
the wholesale market. This DHM strategy further incentivizes ratepayers to conserve electricity 
during peak hours while maintaining the flexibility of use during off-peak hours, which are 
based on known, predetermined prices and times. It also allows customers to plan their energy 
consumption proactively where able, instead of behaving reactively as is the case in an RTP 
system. DHM inflates the price during peak hours, which will further incentivize investment 
into efficiency and alternative generation sources such a renewables. DHM also preserves the 
demand response model, where SPL can use demand-side peak shaving to mitigate the 50% 
premium spent on meeting summer day demand overages.  

The goal of DHM is to innovatively incentivize efficiency and adoption of DERs. However, 
with this structure, some low-income residential customers may become ostracized and be 
unfairly forced to pay higher overall bills due to their inability to adjust their consumption. To 
proactively prevent such marginalization from occurring, the DHM for the residential segment 
will be opt-in only. This protects the most vulnerable customers, and rewards those that will 
benefit from active participation in the program. 

Severin Borenstein of the National Bureau of Economic Research, who has extensively 
researched the time-of-use and real-time pricing mechanisms, notes, “the potential gains from 
RTP were almost certainly many times greater than the estimated costs of implementing such a 
program” (Borenstein, 2009, para.12). Even so, uptake rate by third-party commercial and 
industrial businesses are exogenous to SPL’s direct control. As such, a “toolbox” of additional 
incentives must be available to call upon in order to further incentivize desired behavior to 
meet the solar carve-out uptake rate needed for the 2023 target. 

After SPL’s electricity sales are decoupled from its profits and DHM pricing is instituted, 
several responsive multi-strategic plays will be needed in order to quickly adapt to external 
market conditions and other various unknowns, as discussed above. To reach this point will 
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likely take until 2016, from which time a three-pronged strategy will be executed to pursue the 
2023 PV mandate.  

STRATEGY A 
INCENTIVE 1 - COMMERCIAL ON-BILL FINANCING 
The installed pricing of PV systems has come 
down dramatically (see table). Since 2011 
alone there has been a 30% drop the cost of 
commercial scale PV (Trabish, 2013). 
However, PV becoming more economical in 
itself does not address the issue of high 
upfront capital costs, or solve the owner-renter 
paradox; while the owner enjoys an increase 
building asset value, the tenant reduces 
electricity consumption by solar PV electricity 
generation and gleans green brand value.  To 
help incentivize financing the capital costs, 
commercial on-bill financing (OBF) targets commercial customers who do not own the 
property and/or cannot access credit to install rooftop PV, eliminating their overnight capital 
costs.  

SPL will pay upfront for the PV system through a bank loan in initial years, and will then 
switch to Green Bonds backed by SPL (see financing section for details). The loan payments 
are conveniently charged on the customer utility bill; payments do not exceed the monetary 
benefit of the PV electricity generated. Once the bank loan is repaid, the PV generation portion 
is cost-free and enjoyed by the tenant as long as they remain. When the tenancy ends, the PV 
system remains with the building as an asset and is added to the book value of the building. To 
more easily facilitate this program, the existing billing relationship between customers and 
utilities is leveraged. SPL retains the right to suspend service to the customer for non-payment 
of bill charges. This implied or actual threat of disconnection reduces financing costs 
dramatically.  According to a recent study by the American Council for an Energy Efficient 
Economy (ACEEE), default rates for OBF are less than 2% (Kiker, 2011). In order to avoid 
over-compensation above the carve-out and keeping costs to a minimum for the utility, OBF is 
limited to a maximum generation of 304GWh. 

INCENTIVE 2 - BUNDLED PRICING FOR SCALE 
To contextualize SPL’s carve-out goal, the scale-up of commercial/industrial PV in terms 
50kW arrays would require approximately 4,100 blocks to fulfill the entire 304GWh 
carve-out (Table 5). Many rooftops can accommodate several blocks. Many Walmart/Ikea 
building rooftops can accommodate a 200kW system or more. 

Installed pricing is greatly reduced for larger systems as scale effects are taken advantage 
of. Delta Eta recommends that SPL encourage PV buildup participation by acting as an 
agent that negotiates rates with solar suppliers and installers. Example installed scale-
down savings (excluding fixed O&M, variable O&M) are as follows: 

INCENTIVE 3: NET METERING AGGREGATION 
Net meter aggregation is the shared generation from one source that is then netted against the 
consumption of multiple customers (eg: multiple tenants sharing a commercial shopping mall). 
The PV generation is metered and distributed to multiple participating users. Credits for net 
excess generation from solar PV may be rolled over to the next billing period if commercial net 

  

 

 
  



US DOE: BBCC 2014 - Here Comes the Sun                            
Delta Eta 
                
electricity generation exceeds net electricity consumption.   

Strategy B – Utility-owned Solar Buildup 
Although SPL can 

influence 
commercial/industrial 

scale uptake rates through 
incentives, the actual 
build-out is external to the 
utility’s control. When the 
actual post-incentive 

uptake rate of commercial/industrial rooftop solar is revealed, the real forecast of the expected 
carve-out to 2023 can be more accurately estimated. Alternatively, as project financing costs 
change over time, it may be the case that a utility-owned solar buildup becomes more 
economical that the costs of operating a commercial-targeted buildup incentive program. In the 
case of the former, a hard date will come when SPL would need to move to Strategy B and 
build its own solar generation to make up for the shortfall.  In contrast to Strategy A, since the 
control over the execution of is endogenous, there is a very high certainty about the timeline 
and level of deployment. By about 2020 there will be sufficient information available to glean 
from the program uptake level to estimate what solar capacity to expect in 2023. If necessary, 
this balance needed would then be built out by SPL. Another advantage of waiting until 2020 to 
build out the balance needed is that overnight capital costs are expected to decline in the 
interim. 

Strategy C – SREC Purchases 
Sometime external or unpredictable factors can delay even the best-laid plans. In order to be 
prepared for all scenarios, Strategy C is in place. In the unlikely event that the combined 
Strategies A and B still do not meet the required carve-out in 2023, SRECs will be purchased at 
200$/MWh. As the SREC cost is assumed to remain constant through 2023 and costs of 
Strategies A and B will likely decrease, this is a relatively more expensive solution that will 
only be deployed as a last resort. 

TECHNICAL ANALYSIS FOR PV BUILD-UP  
Assumptions: 
1. 95% of annual output is taken as the actual output 
2. The reduction in year-to-year output is taken to be 5% 
3. Reference conditions are taken as 1000W/m2 total irradiance and 25°C cell temperature for 
the calculation of module characteristics 
4. Module and Inverter costs for the 1MW system is taken as half of the cost used for 50kW 
system 
5. For the proper PV installation, packing factor is taken to be 2.5 when calculating the land 
area 
6. Grid interconnection cost is assumed to be zero 
7. Land cost of 1MW system is taken to be 11,800$/acre 

The System Advisor Model (SAM) developed by the National Renewable Energy Laboratory 
(NREL) is used for modeling three different cases of PV fields (NREL, 2010). These include a 
50kW non-tracking fixed field, a 50kW 1-axis tracking field, a 1MW non-tracking fixed axis 
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field, and a 1MW 1-axis tracking one. After an analysis of all major US cities, Salt Lake City 
(SLC) served as the best proxy for average sunlight levels. In order to perform the analysis, 
weather data of a Typical Meteorological Year (TMY) in SLC is used to calculate solar 
performance data on an hourly basis for the entire year. Hourly values of measured or modeled 
solar radiation and meteorological data are used - ranging from 1961-1990 - to best represent 
conditions judged to be typical over a year. Following is the location and annual weather data 
information for SLC presented in Table 2. 

Modules for both 1-Axis tracking and non-tracking systems are south oriented, i.e. 180° of 
azimuth angle is used for all panels. In order to maximize summer performance for the non-
tracking system, a 16° tilt from horizontal plane is given to the modules (Solar Electricity 
Handbook, 2013). This setting has been chosen because during 35% of all summer days, 
electricity demand exceeds supply, resulting in a premium charge for the utility. For 1-axis 
tracking, modules are rotated around the east-west axis throughout the year in order to give best 
performance and capture more incident solar radiation.  

There are several factors affecting the output of the solar systems throughout the lifecycle of 
the solar panels, including annual degradation, curtailment, front surface soiling of the solar 
panels, shading, etc. Taking into account factors that are causing a diminished real system 
performance, 95% of the annual output is taken as actual output. An annual PV-module 
performance loss of 0.5% is included into the calculation. Trina Solar Limited’s TSM-
260PA05.38 modules and 11000TL-US(240V) AC/DC inverters (by Growatt New Energy 
Technology) were chosen for all systems. Module characteristics at reference conditions of 
1000 W/m2 total irradiance and 25 °C cell temperature and inverter characteristics are 
summarized in Table 3. 

After modeling each of the four different field systems, a 30% increase in annual energy 
production becomes apparent both for the 50kW and 1MW 1-axis tracking systems. For the 
calculation of needed land area for proper PV installation, a packing factor of 2.5 is used. This 
value is multiplied with the total area of all needed modules. Table 3 represents the physical 
characteristics of the 50kW and 1MW systems. 

Modeling three cases of 50kW non-tracking & tracking and 1MW non-tracking & tracking 
systems with the usage of the System Advisor Model, the following performance values are 
reached and presented in Table 4. This table summarizes power output, first year annual energy 
produced and number of installments needed to reach the annual goal of 320GWh. Monthly 
output for the first year and annual output of each system over 20 years can also be found in the 
Appendix C. 

Photovoltaic System Costs: 
Direct and indirect capital costs as well as total installed costs of the 50kW and 1MW systems 
are estimated using SAM. For the calculation of direct capital costs, module, inverter, 
equipment, installation labor, installer margin and overhead costs are considered. Since a much 
higher quantity of modules and inverters are needed for a 1MW system, an economy of scale 
assumption is made that lowers the module and inverter costs by 50% for the calculation of 
direct capital cost of 1MW system. For the indirect capital cost permitting, environmental 
studies, land and engineering costs are taken into account. Since the 50kW system is to be 
placed on rooftops land cost is not considered in these systems as customers either already have 
a rental agreement in place or own the building themselves. A sales tax of 5% is applied to 
100% of the direct cost in the model. According to 2012 reports, median installed price of 
tracking systems ranges from 15% to 32% higher then fixed-tilt ground-mounted systems 
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(Barbose, Darghout, Weaver & Wiser, 2013) and a similar price increase should be expected 
for the installation of 1-Axis tracking system.  Table 4 summarizes each element of direct, 
indirect and total costs for the two cases. 

Financing Options 
SOLAR INVESTMENT TAX CREDIT (ITC) 5 
Current legislation stipulates that the solar ITC will be reduced from 30% to 10% on January 1, 
2017 for commercial and utility scale solar power systems (26 USC § 25D) (26 USC § 48). 
However, any net negative effect of this step-down is expected to be minimal. Innovations in 
solar technology, economies of scale, and competition among solar manufacturers and 
installers will push both hard and soft installed costs down and panel efficiency up. Shayle 
Kann (2012) from Greentech Media analyzed 20 states, and forecasts that after the ITC is 
reduced, 14 are forecast to have an LCOE below retail electricity prices, while all are expected 
to see solar LCOE converge with conventional pricing with a delta below $0.05KWh. Based on 
these estimates, Kann expects PV to be commercially economical by 20176.  

Option 1: 2014-16 – Utilizing the Benefit of Federal ITC for Solar.  
SPL will debt finance the initial capacity roll out, drawing on existing bank relationships. Total 
project cost for only leveraging the utility build-up approach (Strategy B) is estimated at 
$780m. A capital structure of 25% equity / 75% debt is proposed.  Cost of debt is estimated at 
approximately 6%, with a Return on Equity (ROE) of approximately 8.5% and hurdle rate of 
10%.  

While the entire project can be financed using conventional debt, SPL will consider a more 
innovative approach to funding, given the growing market for alternative energy financial 
products and renewable industry incentives. By mid 2016, SPL may establish a solar 
investment partnership, in conjunction with long-term institutional investors, who understand 
the intrinsic value of solar and are looking for opportunities to invest in operational projects. 
SPL could inject existing assets into the new entity and sell (an approximate) 49% equity 
interest to the strategic partners. The new entity would continue the capacity expansion and 
associated funding requirements. Longer term, once a track record in bringing assets on line 
and generating cash flow is demonstrated, the partnership could consider an IPO (subject to 
market conditions and investor demand) to fund new project expansion.  

This approach has a number of advantages for SPL 
• Financial and operational risk is reduced by bringing in strategic partners 
• SPL retains majority ownership and operational control of the assets  
• Any (negative) impacts from rate cases and tax reviews will be mitigated  
• An IPO provides an opportunity to generate a return on the original investment 

Option 2: UTILITY SCALE SOLAR  

5 The Solar Tax Credit was initially created as part of the Energy Policy Act of 2005 (P.L. 109-58) and extended through December 31, 2016 
with the Emergency Economic Stabilization Act of 2008 (P.L. 110-343). It is a stable policy for the private sector with a high return on public 
investment in terms of economic benefits, domestic job creation, energy security and lower costs for consumers. The ITC has provided market 
certainty for the industry to continue making long-term investments in solar energy projects, U.S. manufacturing facilities and supply chain 
expansion. Between 2011 and 2012, the US solar capacity increased by 76 percent (3,300 MW of solar capacity were installed), and the 
average price of a solar panel declined by more than 60 percent (Solar Energy Industries Association [SEIA], 2014). 
6 In 2017, post-ITC, GreenTechMedia expects only three residential state markets to have solar generation costs below grid prices: Hawaii, 
New York, and Arizona. However, fourteen state markets will have generation prices approximating grid prices, with a delta between LCOE 
and retail electricity rates of less than $0.05 per kilowatt-hour. Looking to the commercial market, GreenTechMedia sees substantially higher 
penetration of solar at, or below, grid prices. With the 30 percent ITC in 2016, solar generation costs in eighteen of the twenty state markets 
analyzed will be below grid prices, while all states will be less than $0.01 per kilo-watt hour away from grid parity.
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SPL may consider building a utility scale plant to satisfy the carve-out if circumstances change. 
Total installed costs range from $620m to $675m, subject to the module equipment selected. 
There is potential opportunity in this scenario to slightly refine the financing assumptions, 
given the lower debt size. Given the size of the project, SPL could consider a number of 
funding sources: 
• International Financial Corp’s “Green Bonds” programme, designed to fund renewable 
projects. 
• Apply for funding under the Department of Energy’s Loan Guarantee Program, assuming the 
solar equipment and technology selected, complies with the Program’s requirements. 
• Look to project finance the plant via bank syndicate 

PV Price Outlook  
The price of solar modules has declined dramatically over the last decade as a consequence of 
improved technologies and increased manufacturing. Average PV system prices have fallen 
from approximately $4/W in 2006, to approximately $1.5/W in 2012.  Installation charges have 
also declined as the industry continues to scale up. 

Based on data from the 3Q 2013 by SEIA and GreenTechMedia Research (2013), average 
installed prices in the United States, across all segments, declined by 4.2% quarter on quarter, 
from $3.13/W to $3/W, and declined 16.4% from $3.59/W year on year. It is important to note 
that PV prices vary greatly, depending on the state, location and project type. 

The outlook for PV prices in the medium term suggests an ongoing decline in prices but at a 
reduced pace. As reported by Stephen Lacey (2013) from GreenTechMedia, some 
manufacturers in China are on track to cut production costs to $0.36/W, by the end of 2017 as 
they continue to benefit from technology innovation and increased automation in place of 
manual labor. Installation improvements are also a feature of further price decline, as integrated 
racking and pre-assembled rooftop systems are being adapted and perfected. 

Our assumption is that module prices will decline over the next three years, before leveling out, 
presenting an opportunity to roll out capacity and take advantage of lower equipment prices and 
the ITC through 2016. 

Marketing Strategy 
Marketing will focus on commercial customers who have a potential PV capacity installment of 
greater than 50kW with and clear, comprehensive information on the benefits of the change in 
retail electricity pricing, smart metering, timelines, an marketing benefits of  “going green”. 
Commercial customers have the feeling that they are well informed and that the decisions made 
by the utility will not harm them (even if they were not involved in the decision making 
process). 

Marking tools include: 
• Day-ahead pricing forecast on the utility website 
• Inclusion of a comparative summary of kWh of electricity consumed during the last three 
month in the utility bill 
• Utility bill of the customer compared to their neighbor’s average consumption 
• Brochures to large customers, including a mock case that outlines the SPL’s planned changes 
and specifically depict all economic benefits that customers can achieve by deploying rooftop 
solar.  
• Website with videos and fact sheets that are concise and accessible to the broader public 
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• Banners on large spaces that could be utilized as PV space with slogans like: “By deploying 
rooftop PV solar, this space could save you money” 
Public meetings with officials from the utility and commercial customers that strengthen public 
outreach and lucrative credibility of the project 

Conclusion 
The RPS mandate is an opportunity for SPL to revamp its business model, invest in renewable 
generation and establish itself as an innovative and sustainable electricity provider.  

The main policy proposal is based on a hybrid model of real-time and time-of-use pricing as the 
most cost-effective rate scheme, which encourages higher efficiencies and serves the goal of 
distributed generation and peak shaving. The hybrid model is complemented by decoupling and 
smart metering, the latter being of particular importance in the implementation of other 
efficiency technologies.  

Three strategies have been designed to be deployed over the timeline 2014-2023, in the 
following order of priority: commercial PV uptake, utility-scale solar, and SREC purchases. 
Their implementation will depend on the level of progress of the project and accomplishment 
of partial goals. 

While the highest level of compliance should be accomplished through energy efficiency and 
commercial PV installations, utility scale solar is a second-best option in the event commercial 
build-up projections do not meet the generation target by 2020. SREC purchases are included 
as a last resort alternative but also may be used to complement the other two strategies. 

Based on Delta-Eta’s calculations of PV modules (model, number of installations, cost) plus 
analysis of capacity roll out under the three strategies proposed, financing requirements range  
from $620-670m for utility scale plants, to $780m for a scaled commercial rollout of 50-kW 
systems over the proposed time period. Delta Eta will implement a marketing strategy for 
commercial consumers regarding changes in the rate structure and mechanisms to increase 
efficiency and lower consumption in peak hours.  
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APPENDIX 

Appendix A - ASSUMPTIONS  

For this case, a virtual state within the United States territory was constructed. For most 
assumptions and data gathering, an average of all US states was taken to represent a 
representative and replicable model to the highest extent. SP&L is considered to be an 
unbundled utility where the function of energy generation is separated from transmission and 
distribution and energy delivery. SP&L does not participate as a player in the traditional energy 
generation landscape.  
The following assumptions have been made to develop the business model for SP&L: 

• Average solar radiation was calculated based on the annual US photovoltaic solar 
resource map provided by NREL. For representational purposes, Salt Lake City with a global 
horizontal surface solar radiation of 4.65KWh/m2/day and a direct normal solar radiation of 
5.23KWh/m2/day (NREL, 2010). 

Sources: National Renewable Energy Laboratory (2012). 

• Population size of the virtual state was estimated based on retail electricity sales of 
8,000GWh annually. It was found that Rhode Island ranks closest to this retail electricity sales 
with 7,739GWh p.a. (Energy Information Agency [EIA], 2014 
http://www.eia.gov/electricity/state/RhodeIsland/). Therefore, population size is estimated at 
1,050,000 inhabitants based on Rhode Island’s population. Urban/rural split was based on the 
average US ratio with 70.7% urban and 19.3% rural (United States Census Bureau, 2010).  
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• Annual electricity generation percentages for the year 2012 are based on national 
averages (EIA 2014. For the 2023 generation estimate, the RPS of 18% with a 4% solar carve-
out was taken into account as well as general future trends for the electricity generation sector 
(i.e. percentage of coal generation decreasing, percentage of natural gas generation increasing): 
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• Annually constant retail electricity prices were modified from US averages. In 2013, US 
retail electricity prices for individual sectors were as follow: 
o Residential: 11.87¢/KWh 
o Commercial: 10.08 ¢/KWh  
o Industrial: 6.68 ¢/KWh 

Based on these averages, a price premium is added that takes into account the 50% more 
expensive peaking electricity that is needed in 35% of all summer days. This premium was 
calculated as a weighted average and added to the year-around retail electricity prices, resulting 
in the following retail prices for the virtual state:  
o Residential: 12.45 ¢/KWh  
o Commercial: 10.57¢/KWh  
o Industrial: 7.01 ¢/KWh  
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Appendix B – BENEFITS OF SOLAR PV TO THE UTILITY  

Utilities can save between 2.5-10.5c/KWh on energy costs through distributed solar PV 
generation. Benefits vary greatly depending on location, electricity market design, transmission 
and distribution system, fuel mix, and penetration of distributed energy sources.  
Source: http://www.rmi.org/Knowledge-Center%2FLibrary%2F2013-13_eLabDERCostValue  
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Appendix C – VISUALITZATION OF TECHNICAL PV BUILD UP  

Figure 1: Global Horizontal Irradiance at Salt Lake City Over a TMY 
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Figure 2: Monthly Energy Output of 50 kW Non-Tracking System for the First Year of Operation 

Figure 3: Annual Energy Output of 50 kW Non-Tracking System for 20-years with %0.5 Degradation 

Figure 4: Monthly Energy Output of 1 MW Non-Tracking System for the First Year of Operation 
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Figure 5: Annual Energy Output of 1 MW Non-Tracking System for 20-years with %0.5 Degradation 
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Figure 6: Monthly Energy Output of 1 MW Tracking System for the First Year of Operation 

Figure 7: Annual Energy Output for the First 20 Years of Operation 
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APPENDIX D – PROJECTED DEBT FINANCING OF SOLAR PV BUILD UP   

  50 kW System 1 MW Non-Tracking 1 MW Tracking 
Project Cost Assumptions       
Total System Cost $m $781,435,000 $673,090,000 $621,000,000 
Total System Cost / $Watt (DC STC) 3.73 3.19 3.83 
Project Performance and Savings/ Cost Assumptions     
Annual Net Capacity Factor  % kW/kWh AC 16.1 16.1 16.1 
Annual Production Degradation % 0.5 0.5 0.5 
Project Life (years) 25 25 25 
Electricity Revenue (Avoided Costs) $/kWh 0.11 0.11 0.11 
Electricity Revenue (Avoided Costs) Annual Adjustor  3.00% 3.00% 3.00% 
Solar Renewable Energy Certificate (SREC) Auction Price  $/kWh 0.2 0.2 0.2 
SREC Auction Opt-In Term (years) 10 10 10 
Annual O&M Cost Factor $/kWh/Year 0.2 0.2 0.2 
Future Inverter Replacement Cost $/Watt DC 0.35 0.35 0.35 
Inverter Life (Replacement Years) 15 15 15 
Tax Assumptions       
Federal Tax Rate 35% 35% 35% 
State Tax Rate 10% 10% 10% 
Federal Tax Credit 16% 16% 16% 
State Tax Deduction 0% 0% 0% 
5 Year Accelerated Depreciation Schedule (MACRS) 20% 20% 20% 
Depreciation 20% 20% 20% 

Asset Basis       
Gross Cost $m $781,435,000 $6,730,900 $62,100,000 
Less 50% of Federal Tax Credit  ($m) -$62,514,800 -$53,847,200 -$49,680,000 
Asset Basis $m $718,920,200 $619,242,800 $571,320,000 
Financing Assumptions       
% Financed w/ Cash 25% 25% 25% 
% Financed w/ Loan 75% 75% 75% 
Loan Interest Rate 6% 6% 6% 
Loan Period (years) 10 10 10 
Net Cost $m $781,435,000 $6,730,900 $6,210,000 
Discount Rate % 6.5% 6.5% 6.5% 
Loan $m $586,076,201 $504,817,500 $465,750,000 

Notes:  
1. Federal Tax Credit of 16%, based on 30% per annum to December 2016 and 10% per 
annum from 2016 to 2023 
2. Accelerated Depreciation Schedule is broken down as 20% (Y1), 32% (Y2), 19.2% 
(Y3), 11.52% (Y4), 11.52%  (Y5), 5.76% (Y6) 
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3. Source for model data, State Government Massachusetts 
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TABLES 
Table 1: Bundled Pricing for Commercial PV 

 

 

 

 

 

 

% Price Reduction Price/kW Size of group purchases 

0% $3,360  100kW-500kW 

-7.7% $3,100  500kW-2MW 

-16.7% $2,800  2MW-5MW 

-22.6% $2,600  5MW-10MW 

Table 2: Annual Weather Data and Geographical Information of Salt Lake City 

Weather Data Information (Annual) Location 
Direct Normal Rad. 1,907.5 kWh/m2 Time Zone  GMT -7 
Global Horizontal Rad. 1,698.3 kWh/m2 Elevation 1,288 m 
Dry Bulb Temp. 11.3 °C Latitude 40.7667 ° N 
Wind Speed 4 m/s Longitude 111.967 ° W 

Table 3: Module and Inverter Characteristics 

Module Characteristics Inverter Characteristics 
Efficiency 16.07% CEC Weighted Efficiency 97.08% 

Max. Power (Pmp) 259.94 Wdc 
European Weighted 
Efficiency 96.92% 

Max. Power Voltage 
(Vmp) 31.7 Vdc Max AC Power 11,700 Wac 
Max. Power Current 
(Imp) 8.2 Adc Max DC Power 12,079.2 Wdc 

Module Area 1.618 m2 
Power Consumption During 
Op. 32.148 Wdc 

Number of Cells 60 Nominal AC Voltage 240 Vac 

Table 4: Design Specifications of 50 kW and 1 MW Systems 

  50 kW System 1 MW System 

Number of Modules 195 3,848 

Modules per String 13 13 

  

 

 
  



US DOE: BBCC 2014 - Here Comes the Sun                            
Delta Eta 
                

Strings in Parallel 15 296 

Total Module Area 315.51 m2 6,226.06 m2 

Total Land Area 0.195 acres 3.84615 acres 

Number of Inverters 4 78 

Table 5: Performance Characteristics of Designed PV Arrays 

  50 kW Non-Track. 1 MW Non-track. 1 MW Track. 
Power (kWdc) 50.688 1,000.25 1,000.25 
Annual Energy (kWh) 73,573 1,444,888 1,877,056 
First Year kWh/kW 1,451.48 1,444.53 1,876.59 
Installments Needed 4,132 211 162 

Table 6: Summary of Total Installed Cost of 50 kW & 1 MW Non-Tracking Systems 

Direct Costs 

 
50-kW System 1-MW System 

Module $36,495.58  $360,089.68  
Inverter $19,188  $182,520  
Equipment $24,837.27  $490,122.07  
Installation Labor $39,029.99  $770,191.82  
Installer Margin & Overhead $46,126.35  $910,226.70  
Total Direct Cost $165,677.19  $2,713,150.27  
Indirect Costs 
Land $0  $45,384.58  
Permitting & Env. Studies $6,082.60  $120,029.89  
Engineering $9,123.89  $180,044.84  
Total Indirect Cost $23,490.35  $481,116.83  
Total Cost 
Total Installed Cost $189,167.54  $3,194,267.11  
Total Installed Cost per Capacity $3.73  $3.19  
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