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1. Executive Summary

Renovo Renewable Energy, LLC (“Renovo”) is pleased to present this Final Milestone
Report in connection with the Renewable Development Fund (RDF) grant contract for
RDF project EP3-10, otherwise known as the Slayton Solar Project (“Project”). The
Slayton Solar project is located at 1480 91st St, Slayton, MN 56172 and resides on a 21
acre parcel just outside the city limits of Slayton, Minnesota.

The Project has a nameplate capacity of 2.0 MWDC and is made up of 7,040 – 285 watt
solar modules covering an area equal to approximately 7 ½ football fields. The Project is
expected to produce an average of 2,620 MWh of energy per year, which is enough
energy to power approximately 226 homes annually.1

Project Goal
Slayton Solar was constructed with an initial goal that was set between Renovo and the
RDF: “to construct and install a 2 MWDC photovoltaic electric generating facility that
may be used in a commercial capacity”. On January 4, 2013, Renovo achieved this goal
by completing the construction and commissioning of the Project.

Project Objectives
In addition to the goal that was set forth above, five (5) objectives were set forth for the
Project:

(1) Advance Clean Technology in NSP’s service area by demonstrating the benefits
of utility scale solar;

(2) Demonstrate the capacity of Minnesota’s solar resources to increase the
marketplace demand for solar systems

(3) Utilize the solar resources in Minnesota to generate energy during peak demand
hours

1 Based off the U.S. Energy Information Administration’s estimate that the average U.S. household consumes
11,496 kWh per year. http://www.eia.gov/tools/faqs/faq.cfm?id=97&t=3
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(4) Evaluate the technical efficiencies and challenges (or lack thereof) of pairing
interconnections, permitting and site development of solar and wind technologies;
and

(5) Identify the potential benefits (i.e. pricing, utilization of infrastructure, reliability,
etc.) of the complementary nature, or lack thereof, of wind and solar.

An analysis of these Objectives can be found in Section 2 of this report.

Project Benefits
The Slayton Solar Project is expected to bring substantial benefits to the State of
Minnesota and Xcel Energy’s rate payers as summarized below and in more detail in
Section 3 of this report.

Project Costs Per Year
20 Year

PPA Period
45 Year Useful
Life of Project

Capitalization $345,000 $6,900,000 $6,900,000
Federal Incentives ($103,500) ($2,070,000) ($2,070,000)
Ongoing O&M $33,991 $679,820 $2,345,812
Total Project Costs $275,491 $5,509,820 $7,175,812

Benefits of Project
Avoided Energy Cost $148,987 $2,979,739 $9,662,586
Avoided Capacity Cost $105,202 $2,104,034 $7,240,104
T&D Avoided Cost $16,707 $334,130 $1,063,795
Environmental $14,547 $290,931 $953,899
Total Benefits of Project $285,442 $5,708,834 $18,920,385

Development Benefits of Project
Total Benefits of Project $285,442 $5,708,834 $18,920,385
Less: Total Project Costs $275,491 $5,509,820 $7,175,812
Net Value of (Costs)/Benefits2 $9,951 $199,014 $11,744,573

Value of Benefits to State of Minnesota
Net Value of (Costs)/Benefits $9,951 $199,014 $11,744,573
Economic Development $240,000 $4,800,000 $4,800,000
Net Value to State of Minnesota3 $249,951 $4,999,014 $16,544,573

2 A more detailed analysis of the net value of the benefits can be found in Section 2 (Analysis of Objectives) and
Section 3 (Project Benefits) of this report. The positive net benefits listed in this table are dependent upon the use of
federal incentives in the form of the 30% investment tax credit. That and other incentives are subject to fluctuation
from time to time.
3 The cost to develop the Slayton Solar Project as calculated in this section reflects the use of federal incentives in
the form of the 30% investment tax credit.
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Although a grant per watt, as implemented with the Slayton Solar Project, is an effective
means to deploy solar energy, the best method to achieve deployment of solar energy is
to institute a long term solar renewable energy credit (SREC) program or a feed-in tariff.
Some form of a feed-in tariff for solar are currently in effect or underway in Indiana,
Georgia, Florida, California, New York, Vermont, Massachusetts and New Jersey. The
Slayton Solar Project is an important step in helping Xcel Energy and the State of
Minnesota analyze the benefits of solar energy in Minnesota, which could ultimately
have an impact on the implementation of solar energy policies in Minnesota.

2. Analysis of Objectives

Objective #1 - Advance Clean Technology in NSP’s service area by demonstrating the
benefits of utility scale solar

NSP currently owns or purchases 11,000 kWs solar in the State of Minnesota. The
Slayton Solar Project will increase that amount to 13,000 kWs – a 18.18% increase.
Slayton Solar has also increased Minnesota’s solar generating capacity from 10,900 kW
to 12,900 kW - an 18.3% increase.4 Figure 1 below includes data from the Minnesota
Department of Commerce and identifies the trend of solar capacity and installations in
Minnesota over the last 10 years. The Slayton Solar Project is a generating facility that
qualifies toward NSP’s renewable portfolio mandate in the State of Minnesota.

Figure 1.

4 Source: Minnesota Department of Commerce
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While Slayton Solar was originally intended to be interconnected to a 69 kV transmission
line near Storden, Minnesota, the project was relocated to Slayton, Minnesota and
interconnected to Xcel Energy’s 13.8 kV distribution system serving Slayton. The reason
for the relocation of the project and the process involved with that relocation is discussed
in more detail in this Section and in Section 3; however, the relocation of the project has
now allowed Renovo and Xcel Energy to evaluate not only the benefits of utility scale
solar, but the benefits of distributed generation solar.

The benefits of utility and distributed generation solar have been evaluated in other parts
of the country, but not previously in the State of Minnesota. Having a large scale solar
project within an area of the state that has some of the best solar irradiation will help
Renovo and NSP/Xcel Energy evaluate and quantify those benefits that have been
estimated in Section 3 of this report.

In addition to the value of the benefits outlined in Section 3 of this report, the Slayton
Solar Project will also provide the necessary data needed by Xcel Energy and NSP to
determine the complimentary nature of solar and wind energy from an interconnection
perspective (see Objective #5) and their combined impacts on grid reliability during peak
demand periods.

Objective #2 - Demonstrate the capacity of Minnesota’s solar resources to increase the
marketplace demand for solar systems

Renovo Renewable Energy has created a public facing website to view real time solar
production of the Slayton Solar Project, which can be found at www.slaytonsolar.com.
Although we don’t expect that this website will have a significant impact on marketplace
demand for solar systems, we expect that the data collected by the website’s monitoring
equipment will. The data gathered in the years to come will help answer the following
questions and quantify many of the benefits outlined in Section 2 of this report:

 How does the cost of a utility scale solar project compare to that of a
residential or commercial scale solar project? The answer to this question is
provided in more detail in Section 3(i) of this report.

 How does a utility scale solar project perform in a cold weather climate
versus a warmer southerly climate in the United States? A solar generating
facility installed in a colder climate in the northern hemisphere far north of the
equator will experience less exposure sunlight throughout the day than a similar
solar facility installed closer to the equator. But this doesn’t mean that solar is not
viable in colder climates in states such as Minnesota. Solar generating facilities
are actually more efficient in cooler climates than in hot climates because extreme
heat can degrade electricity within various parts of the solar array. A field
experiment in the United Kingdom revealed a drop of 1.1% of peak output for
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every increase in degrees Celsius of a home photovoltaic solar panel once the
panel reached 42 degrees Celsius, or about 107 degrees Fahrenheit. 5 This doesn’t
mean that a solar facility in a northern climate will generate more electricity than
the same sized facility in a southerly climate, but it does mean that a solar
generating facility will make more efficient use of the sunlight it does receive
during cooler days.

Snow in cooler climates like Minnesota can have both a positive and negative
effect on solar generation. A heavy snow fall can blackout a solar array for a
period of time because the sun’s radiation cannot reach the solar panel. But solar
panels are capable of operating at temperatures that exceed the air temperature
and often the snow melts off of modules on its own. Data obtained by Renovo for
a solar generating facility at similar latitude demonstrated that although the air
temperature was 28 degrees Fahrenheit, the panel temperature was actually 35.2
degrees Fahrenheit. This resulted in existing snow and ice to melt off of the solar
panels even though the air temperature was below freezing.

A layer of snow in Minnesota will actually help the production of a solar
generating facility in Minnesota as long as the solar panels have clear exposure to
the sun’s radiation. Snow can have what is referred to as an “albedo effect”, when
sunlight reflects off of the snow. This is similar to the extra exposure to the sun a
person might experience while boating on a lake. This albedo effect can cause a
solar panel to generate more electricity than it would otherwise without the snow
cover6. This increased production is actually factored into software modeling
programs that are used by engineering companies and solar developers when
forecasting the expected production of a solar system in a given location.

 Do the benefits and values justify the expansion of distributed generation
solar in Minnesota?

In order to answer this question, the estimated benefits versus the costs of  a
future solar project need to be calculated. Below is an analysis of 5 different cases
comparing the net present value (NPV)7 of  estimated benefits versus the NPV of
the costs of a project, with and without various subsidies. For the purposes of this
analysis, the revenues that would be realized by the project are assumed to be
equal to the utility’s projected avoided costs. For each of the 5 cases, the
estimated revenues and costs are calculated over both the 20 year PPA period and

5 Renewable Energy UK: Effect of Temperature on Solar Panels, http://www.reuk.co.uk/Effect-of-Temperature-on-
Solar-Panels.htm
6 Let It Snow! Solar Panels Can Take It, Science Daily, Pearce and R.W. Andrews,
http://www.sciencedaily.com/releases/2012/10/121024175236.htm
7 All net present values calculated in this report assume a 7.56% discount rate, which is the discount rate provided
by Xcel Energy.
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the 45 year useful life 8 of the Project. The revenue assumed for each case are
constant and include (1) avoided energy and capacity costs, (2) avoided
transmission and distribution costs and (3) the environmental costs. The economic
development benefits of the project are only included within Case 5, which
calculates the estimated benefit of the Project to the State of Minnesota. A more
detailed summary of each of the estimated benefits can be found in Section 3 of
this report. The cost of the Project under each case varies depending on the
different level of subsidies being provided.

Case 1: NPV to Project Owner without any subsidies

Case 1 looks at the economics of a project to the solar facility owner for a 2
MWDC solar generating facility without any subsidies9 and assuming a project
cost of $3.45 per watt. The results of this analysis can be found in the table below.

Discount Rate 7.56%
NPV of Revenues (20 Years) 2,706,405
NPV of Costs (20 Years) ($5,028,130)
Net NPV of Revenues/Costs (20 Years) ($2,321,726)
Net NPV of Revenues/Costs (45 Years) ($1,238,639)

As can be seen, with a negative NPV of Revenues/Costs, a project owner would
not build a solar facility based upon these assumptions.

Case 2: NPV to Project Owner with Federal Investment tax credit

Case 2 is based upon the same assumptions as Case 1 except that Case 2 accounts
for the currently available 30% ITC. The results of this analysis can be found in
the table below.

Discount Rate 7.56%
NPV of Revenues (20 Years) $2,706,404
NPV of Costs (20 Years) ($3,616,153)
Net NPV of Revenues/Costs (20 Years) ($909,749)
Net NPV of Revenues/Costs (45 Years) $173,338

Although the revenue/costs are negative during the life of a 20 year PPA, a
positive net revenue is realized during the 45 year useful life of the Project.

8 Wohlgemuth, J.H., Cunningham, D.W., Nguyen, A.M., Miller, J. BP Solar International. Long Term Reliability of
PV Modules, 2005.
9 Case 1 is presented in this report without reflecting the federal investment tax credit for solar.  Solar technology is
currently eligible for a 30% federal investment tax credit (ITC) through the end of 2016. Additionally, there is a
permanent 10% ITC that extends beyond 2016.
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However, as can be seen, with a negative NPV of Revenues/Costs through year
20, a project owner would not build a solar facility based upon these assumptions.

Case 3: NPV to the Project Owner with the RDF Grant

Case 3 is based upon the same assumptions as Case 1 except that Case 3 accounts
for the use of the RDF grant for the Slayton Solar project in the amount of $1 per
watt.

Discount Rate 7.56%
NPV of Revenues (20 Years) $2,706,404
NPV of Costs (20 Years) ($3,028,130)
Net NPV of Revenues/Costs (20 Years) ($321,726)
Net NPV of Revenues/Costs (45 Years) $761,361

Although the net revenues/costs are negative during the life of a 20 year PPA, a
positive net revenue is realized during the 45 year useful life of the Project.
However, as can be seen, with a negative NPV of Revenues/Costs through year
20, a project owner would not build a solar facility based upon these assumptions.

Case 4: NPV to the Project Owner with RDF grant and ITC

Case 4 is based upon the same assumptions as Case 3except that Case 4 accounts
for the currently available 30% Investment Tax Credit. This is the scenario that
would most closely reflect the benefits and costs for the Slayton Solar Project.

Discount Rate 7.56%
NPV of Revenues (20 Years) $2,706,404
NPV of Costs (20 Years) ($1,616,153)
Net NPV of Revenues/Costs (20 Years) $1,090,251
Net NPV of Revenues/Costs (45 Years) $2,173,338

Because the net revenue/costs are positive by a sufficient amount (approximately
$50,000 per year) a project owner would build a solar facility based upon these
assumptions

Case 5: NPV of the Benefits to the State of Minnesota for the Slayton Solar
Project

For Case 5, the estimated benefits to the State of Minnesota are calculated using
the Slayton Solar Project. The benefits (i.e., revenue assumptions) remain the
same as the previous 4 cases, but now also include the economic benefits that are
discussed in more detail in Section 3 of this report. The costs of the Slayton Solar
Project in this analysis factors in the use of the 30% ITC incentive and the RDF
grant.
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Discount Rate 7.56%
NPV of Benefits (20 Years) $5,506,405
NPV of Costs (20 Years) ($1,616,154)
Net Benefits (20 Years) $3,890,251
Net Benefits (45 Years) $4,973,338

A review of the 5 cases outlined above and the justification for the expansion of
distributed generation solar in Minnesota can be viewed from different angles –
the recipient of the benefits, in this case the State of Minnesota, and the provider
of the benefits, in the case of the solar facility owner.

As we can see in Case 5, the estimated positive net benefits that are realized to the
State of Minnesota (when utilizing the 30% ITC subsidy) is $3,890,251 over the
20 year PPA period and $4,973,338 over the 45 year useful life of the solar
project. These benefits alone justify the expansion of distributed generation solar
in Minnesota.  Cases 1 through 4 demonstrate, however, that additional state
incentives may be needed to make distributed generation solar appealing to
developers unless the cost of construction of the project decreases.

Since the time that Slayton solar began to incur costs for the project, the price of
solar modules has continued to decline and technology has continued to improve.
For this reason, we have outlined 3 additional cases in the policy discussion
section of this report (Section 5(a)). These cases analyze (1) the potential net
benefits of solar to the State of Minnesota from 2013 and beyond without state
subsidies, (2) the potential project economics to a project owner from 2013 and
beyond utilizing the existing federal investment tax credit, and (3) the potential
project economics to a project owner from 2013 and beyond utilizing both federal
ITC and a state-based solar renewable energy credit (“SREC”) program.

 When combined with wind power, does solar help enhance grid reliability
during peak demand periods in Minnesota?

North American Electric Reliability Council (“NERC”) define reliability as the
ability to contribute to system resource adequacy and system security. Solar,
because of its ability to be placed virtually anywhere, provides power to the
electric grid that will serve load when and where it is needed, which is the essence
of enhancing reliability. Because solar generation is closely correlated with load
in much of the U.S., including Minnesota10, the injection of solar energy near the
point of use can delivery effective capacity, and therefore reduce the risk of the

10 Perez, R., R. Margolis, M. Kmiecik, M. Schwab and M. Perez, (2006): Update: Effective Load Carrying
Capability of Photovoltacis in the United States. Proc. ASES Annual Conference, Denver, CO.
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power outages and rolling blackouts that are caused by high demand and resulting
stresses on the transmission and distribution systems.11 The reduced risk of power
outages and rolling blackouts are not specific to the Slayton Solar Project, but can
be associated with distributed generation solar in general.

It has been estimated that the total cost of all power outages (from all causes) to
the U.S. economy is $100 billion per year. 12

To elaborate on how the combined production of solar and wind can help enhance
grid reliability during peak demand periods in Minnesota, we need to look at the
correlation between load and solar generation. Using computer simulation
software, Renovo was able to use actual wind data from an anemometer tower it
owns in Jeffers, Minnesota and Typical Meteorological Year (TMY3) radiation
data from the National Renewable Energy Laboratory (NREL) to project what the
generation profile of a 2 MWDC solar facility and a 2.3 MWAC wind generating
facility would look like during peak demand periods (See Figure 2 below). As you
can see in Figure 2, the wind generation reaches its peak during hours 12 through
17 and 4 of these hours fall within Xcel Energy/NSP’s peak demand period13.
This demonstrates the ability of wind to produce energy during peak demand
periods, which would be enhanced with the addition of solar generation.

As previously stated, Xcel Energy/NSP’s peak demand periods in Minnesota
occur during the months of June through September from 2pm to 7pm on
weekdays and chart below indicates production from both of the facilities during
these peak demand periods.

Figure 2.

11 Richard Perez, Benjamin L. Norris and Thomas E. Hoff, The Value of Distributed Generation to New Jersey and
Pennsylvania, (November 2012)
12 R. Perez, K. Zweibel, T. Hoff, (2011), Solar Power Generation in the US: Too expensive or a bargain?
13 Source: Xcel Energy’s Saver Switch Program
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This simulation demonstrates that there is some correlation between the peak
production of the wind and solar generating facilities and Xcel Energy’s peak
demand periods.

Once a sufficient amount (1 year or more) or real data is collected from the
Slayton Solar Project, Renovo and Xcel Energy/NSP will be able to determine if
the generation profile of wind and solar are consistent with Renovo’s simulations.
If the results are consistent, this will then enable Xcel Energy/NSP to study how
wind and solar, when combined, can impact grid reliability and market pricing
during these peak demand periods, particularly as it relates to distributed
generation.

 If so, how does this impact locational marginal pricing (LMP) and does it
result in a reduction?

“LMP is the sum of three components: energy (EC), congestion (CC) and
marginal losses (MLC). The marginal loss component shows how much
transmission losses over the entire system would change if one MWAC of power
were injected at a location. It is a function of voltage and the distance between
generation and load. The congestion component is the nodal difference between
the energy component and the cost of providing an additional, more expensive
unit of energy. The energy component is simply the energy price at a node.”14

Distributed generation does not utilize the transmission infrastructure to transmit
energy long distances, so for every kWh generated into a distribution system by a
solar system, this is one less kWh that needs to be transmitted over the
transmission system. Distributed generation solar is at the location of load thus
largely eliminating the congestion and losses associated with LMP. Furthermore,
because solar generation is closely correlated with load in much of the U.S.,
including Minnesota, the reduction of demand on the transmission system would
occur most frequently during peak demand periods. It is expected that the Slayton
Solar Project, albeit small in scale by its own merit, will reduce demand on the
transmission system during peak demand periods and thus shift the demand curve
left, effectively reducing LMP in the affected node(s).

Although the Slayton Solar Project will reduce LMP, the actual value of the
reduction is unknown at this time. In order to determine value of the reduction in
LMP, one would need to evaluate the generation dispatch, demands and prices at
each of the LMP nodes being impacted by the Slayton Solar Project. Algorithms
would then need to be applied to this data to determine the influence of distributed
generation penetration and its effect on LMP. Studies on this topic have been
performed in other parts of the country and their results warrant further
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investigation and policy discussions in the State of Minnesota as mentioned in
Section 5(c) of this report.

Objective #3 - Utilize the solar resources in Minnesota to generate energy during peak
demand hours

Xcel Energy/NSP’s peak demand periods in Minnesota occur during the months of June
through September from 2pm to 7pm.15 Renovo has prepared an energy production report
that indicates that the Slayton Solar Project will generate its peak energy during the
months of June through September between the hours 10am and 5pm. The energy
production report and 12 x 24 generation profile can be found on attached Exhibit “A”.
These results suggest there is some correlation between Xcel Energy’s peak demand
period and Slayton Solar’s peak generation periods.

Objective #4 - Evaluate the technical efficiencies and challenges (or lack thereof) of
pairing interconnections, permitting and site development of solar and wind technologies

One of the original objectives of the Project was to evaluate the challenges or combining
the interconnection and development of both a wind and solar generating facility. To
accomplish this, Renovo had originally pursued co-locating a 2.0 megawatt PV solar
project with its proposed wind farm in Jeffers, Minnesota. Both projects were to be
interconnected to a 69 kV transmission line that runs through Storden, Minnesota. As part
of the normal development process, Renovo (formerly Outland Renewable Energy at the
time) commissioned Excel Engineering, Inc. to prepare a Generation Addition Outlet
Analysis. The analysis determined the 69 kV transmission line owned by ITC Midwest is
heavily constrained. The report also concluded that the first five (5) megawatts of
incremental generation would require both (i) the 69 kV transmission line in question to
be reconductored for two miles and (ii) equipment upgrades to a substation near Storden,
Minnesota. While an estimate for the substation upgrades was not prepared,
reconductoring the 69 kV transmission line was estimated to cost approximately
$400,000. Moreover, the costs for a 69 kV step-up transformer would far exceed the cost
for a distribution level transformer to interconnect into a distribution level circuit.

The Generation Addition Outlet Addition Analysis determined that there was not
sufficient capacity on the ITC transmission line to accommodate an additional two (2)
megawatts of generation without significant upgrades to the transmission line and nearby
substation. In addition, Renovo’s interconnection queue (MISO Project Number G517)
for the wind farm in Jeffers was being contested and was likely going to experience
significant delays.

Without the construction of a wind farm in the Jeffers area, the proposed 2.0 megawatt
PV solar project would not be able to absorb the costs of the transmission and substation
upgrades or the cost of a 69 kV transformer. Without the ability to deliver power from the

15 Source: Xcel Energy’s Saver Switch Program
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solar project to Xcel Energy/NSP in the Jeffers area, Renovo was forced to pursue other
locations for the solar project.

The Slayton area was chosen as an alternative location because of (i) its proximity to
several wind farms that Xcel Energy/NSP is purchasing power from, (ii) its proximity to
electric load, (iii) access to Xcel Energy’s service territory and (iv) the ability to
interconnect to a 3-phase electric distribution system. By locating the Project in Slayton,
Renovo and Xcel Energy are still able to accomplish the same goal of demonstrating the
complementary nature of two renewable power facilities – wind and solar. Xcel Energy is
currently purchasing power from the Lake Wilson (5.4 MWAC), the Chanarambie (85.5
MWAC) and the Viking (12 MWAC)16 wind farms, all of which are located within Murray
County, the same County in which the Slayton Solar Project is located. With the
proximity of these facilities, Renovo and Xcel Energy can collaborate to determine how
intermittent generation of wind and solar power compare during seasons, peak load,
month by month or any other way to analyze the impact on system load and reliability
during peak demand periods.

Objective #5 - Identify the potential benefits (i.e. pricing, utilization of infrastructure,
reliability, etc.) of the complementary nature, or lack thereof, of wind and solar

While Renovo does not currently have access to actual wind and solar generation data for
the Slayton/Murray County area, there are potential benefits of co-locating wind and
solar generation that Renovo could, with Xcel Energy’s cooperation, study in more detail
once the Slayton Solar Project has been operating for more than a year. One of these
benefits was discussed in Objective #2 as it relates to the potential ability of the
combined generation of solar and wind to increase grid reliability during peak demand
periods.

The other potential benefit to co-locating wind and solar generation is the ability to utilize
the same point of interconnection for both generating types without increasing or
modifying a large generation interconnection agreement (LGIA) or small generation
interconnection agreement (SGIA) with an independent system operator or utility. Xcel
Energy has recently adopted, and been a big proponent of, this approach through the use
of what is called a net zero interconnection.  Using computer simulation software and real
wind and solar data from the sources mentioned previously in this section, we were able
to demonstrate how this might be possible.

Data generation from the computer simulation is shown in Figures 3 and 4 below. These
tables depict how many megawatts are being injected into the grid from a 2 MWDC (1.66
MWAC)solar project and a 2.3 MWAC wind turbine, with a combined nameplate capacity
of 3.96 MWAC.

16 Source: AWEA.org
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Figure 3. Combined Winter Generation

Figure 4. Combined Summer Generation

As can be seen in Figure 3, although the combined nameplate capacity of the solar and
wind projects is 3.96 MWAC, on average the combined production never exceeds 2
MWAC. Assuming that the interconnection agreement is for MWAC, under this simulation
there would be little or no curtailment of generation from the combined 3.96 MWac wind
and solar plant. Looking at the same simulation during summer months in Figure 4, we
can see that the combined average production only exceeds 2 MWAC during a few hours
of the day, resulting in minimal curtailment.
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These simulations demonstrate how one might be able to add renewable generation to an
existing point of interconnection on a transmission or distribution circuit. Using the
Slayton Solar Project now as an example, let’s assume Slayton Solar is capable of
producing a generation profile similar to those presented in Figures 3 and 4. The
interconnection agreement is for 2.0 MWAC, but there are only rare occasions where the
Slayton Solar project is capable of producing the full 2 MWAC of generation. During non-
peak generation periods, the interconnection capacity is being unused, particularly at
night. Under our simulation model, additional generation from a 2.3 MWAC turbine could
be injected into the same point of interconnection, essentially filling in the holes when the
solar facility is not producing its peak power. There would be times when the combined
generation of both facilities would exceed the allowed 2 MWAC interconnection and
during these periods one or both of the facilities would need to be curtailed to ensure the
generation did not exceed the permitted 2 MWAC interconnection.

The generation data from the Slayton Solar project will enable Renovo and Xcel Energy
to analyze actual generation information to determine if the results are similar to the
simulation and also determine if this concept could be implemented in MISO and on Xcel
Energy’s distribution system throughout Minnesota.

However, because permitting for wind projects is generally more costly, time consuming
and involves more potential objections from communities, it is better to treat solar as a
stand-alone generation resource.

3. Project Benefits:

Distributed generation solar has been studied in many parts of the country, but no such
studies, to our knowledge, exist in the Midwest or in Xcel Energy/NSP’s service territory.
With the completion of Slayton Solar, the following benefits to the rate payers are
estimated to be realized.

Below is a monetary summary of the benefits calculated:

Project Costs Per Year
20 Year

PPA Period
45 Year Useful
Life of Project

Capitalization $345,000 $6,900,000 $6,900,000
Federal Incentives ($103,500) ($2,070,000) ($2,070,000)
Ongoing O&M $33,991 $679,820 $2,345,812
Total Project Costs $275,491 $5,509,820 $7,175,812

Benefits of Project
Avoided Energy Cost $148,987 $2,979,739 $9,662,586
Avoided Capacity Cost $105,202 $2,104,034 $7,240,104
T&D Avoided Cost $16,707 $334,130 $1,063,795
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Environmental $14,547 $290,931 $953,899
Total Benefits of Project $285,442 $5,708,834 $18,920,385

Development Benefits of Project
Total Benefits of Project $285,442 $5,708,834 $18,920,385
Less: Total Project Costs $275,491 $5,509,820 $7,175,812
Net Value of (Costs)/Benefits17 $9,951 $199,014 $11,744,573

Value of Benefits to State of Minnesota
Net Value of (Costs)/Benefits $9,951 $199,014 $11,744,573
Economic Development $240,000 $4,800,000 $4,800,000
Net Value to State of Minnesota18 $249,951 $4,999,014 $16,544,573

a. Avoided Energy and Avoided Capacity Savings

Avoided costs are the marginal cost to produce one more unit of electrical energy.
These are generally referred to as avoided energy and avoided capacity costs.
Every kWh generated by the Slayton Solar Project is one less kWh of energy Xcel
Energy/NSP needs to generate and every KW constructed is on less KW of
system capacity that Xcel Energy needs to meet demand. Expected avoided
energy costs for 2013, based on an expected energy production of 2,620 MWh is
$115,30619. The expected avoided capacity costs for 2013, based on the same
expected production, is $78,443.

The total (20 year and 45 year) avoided energy and capacity costs calculated in
the table above are based on an assumption that the Slayton Solar Project will
produce 0.5% less energy year over year. In addition, the total avoided energy
costs are expected to increase an average of 3.1% per year, while the avoided
capacity costs are expected to increase by 2.5% in year one and 3.5% per year
therafter.

For calculating the avoided energy costs and avoided capacity values in this
section, MISO market avoided energy cost for solar in 2013 was $44.01 per MWh
20 and the avoided capacity value was $6.60 per MWAC.

b. T&D Avoided Cost Value

17 The cost to develop the Slayton Solar Project as calculated in this section reflects the use of federal incentives in
the form of the 30% investment tax credit.
18 The cost to develop the Slayton Solar Project as calculated in this section reflects the use of federal incentives in
the form of the 30% investment tax credit.
19 Based on LMP data provided by Xcel Energy and sourced from the Midwest Independent System Operator:
https://www.midwestiso.org/marketsoperations/realtimemarketdata/pages/lmpcontourmap.aspx
20 Based on data provided by Xcel Energy
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Transmission and Distribution (T&D) avoided costs value is a term used to
describe the cost savings Slayton Solar will have on Xcel Energy’s transmission
and distribution infrastructure. By definition, distributed generation solar injects
its power directly into Xcel Energy’s distribution system to the end user, thus
bypassing transmission infrastructure. This allows Xcel Energy with a capital cost
savings on upgrading and constructing new transmission infrastructure. This
category is separate and apart from the benefits associated with certain avoided
costs category listed in paragraph a above.

A study performed by Clean Power Research 21 views this category of benefit as
not displacing the need for capital investments in transmission infrastructure, but
deferring the need for these capital improvements.  Clean Power Research values
this benefit at $1-$6/MWh. The estimated value assigned by Clean Power
Research is a reasonable value as applied to the Slayton Solar project. It is
estimated that the Slayton Solar project will have a T&D avoided cost value of $5
per MWh or $13,100 per year during the 20 year period of the PPA and the useful
life of the Project. T&D avoided costs are expected to increase at a rate equal to
that of the avoided energy costs each year.

c. Environmental Value
The Slayton Solar Project is a zero emission generating facility. For each kWh
generated by the Project, one less kWh will be required from a fossil fuel
generating facility, thus offsetting any carbon or other emissions generated from
fossil fuel generation. The Slayton Solar Project is expected to generate 2,620
MWh per year of electricity and thus the expected carbon emission reductions are
(1) 2,133 tons/year of carbon dioxide (CO2), 75.45 lbs/year of methane (CH4),
34,060 lbs/year or sulfur dioxide (SO2) (coal only) and 72.80 lbs/year of nitrous
oxide (N2O). 22 The environmental value of the carbon offset of the Slayton Solar
project calculated for purposes of this report are based upon Minnesota Public
Utilities Commission rural environmental externality values as noted in Dockets
CI-93-583 and CI-00-1636. Using those values and using a 3% inflation factor,
the benefit of the Slayton Solar Project is estimated to be $253,443 over the 20
year PPA for the Project and $874,539 over the 45 year useful life of the project.

In addition to the environmental value of offsetting carbon emissions, the Slayton
Solar project will create an environmental regulatory benefit in the form of
Renewable Energy Credits (RECs) which are used to comply with the State of
Minnesota renewable energy portfolio standards.  In 2012, Xcel Energy’s value

21 Richard Perez, Benjamin L. Norris and Thomas E. Hoff,, Clean Power Research, The Value of Distributed
Generation to New Jersey and Pennsylvania, (November 2012)
22 United States Environmental Protection Agency, eGrid2012 Version 1.0 Year 2009, GHG Annual Output
Emission Rates, www.epa.gov/egrid
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for a REC was $0.75/MWh for compliance with the Minnesota renewable energy
portfolio standards.

Applying this value of RECs provided by Xcel Energy to the expected annual
energy production of the Slayton Solar Project, we determine that the average
annual value of the RECs are $1,746 per year, $37,488.08 over the 20 year term
of the PPA  or $79,360 over the 45 year useful life of the Project. The REC
calculations are based on a fixed REC value ($0.75/MWh) over the useful life of
the project and a declining production of energy equal to 0.5% each year.

If we now combine the annual benefit of the RECs with the annual benefit of
offsetting carbon emissions, the total environmental benefit of the Slayton Solar
Project is expected to average $14,547 per year,$290,931 over the 20 year period
of the PPA and $953,899 over the 45 year useful life of the Project.

d. Economic Development Value
To help quantify the local economic benefit (impact) of a state wide policy or
scenario, such as a solar “carve-out” policy, the National Renewable Energy
Laboratory (NREL) created the Jobs and Economic Development Impact Model
(JEDI).23 JEDI was developed to demonstrate the economic benefits associated
with photovoltaic systems at the state and local levels. The economic
impacts/benefits include project development and onsite labor impacts as well as
solar module and supply chain impacts.

The JEDI model (release number PVS 12.13.12) estimates the value of the
production of the Slayton Solar Project to be $4,800,000 in the State of
Minnesota. The JEDI model also estimates that the Slayton Solar project created
36 job years. These job years include all jobs that were created in the
development and construction of the project including construction, installation,
manufacturing, supply, trade, finance, insurance, professional services and
development services.

e. Economies of Scale
Utility scale solar is a solar project that is relatively large in terms of the amount
of energy that could be produced. Since Slayton Solar is capable of generating up
to 2 MWDC of power, it would fit this classification. There is a cost savings
realized by constructing and operating a utility scale solar facility versus its
counterpart of a small scale solar residential or commercial scale solar facility.
The Slayton Solar Project’s total constructed cost was $6,930,000 or $3.46 per
watt of nameplate capacity. Comparatively, a study prepared by the NREL in

23 National Renewable Energy Laboratory, Jobs and Economic Development Impact Models:
http://www.nrel.gov/analysis/jedi/
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February of 24 2012 analyzed the installed prices of residential, commercial and
utility scale photovoltaic (solar) systems in the U.S. The study found that the cost
for each installed watt for a utility-scale solar project was significantly lower than
a residential (4.9 kWdc) system or that of a commercial (217 kWdc) system. Figure
5 below shows the U.S. installed solar PV system prices by category.

As can be seen in Figure 5 below, the cost to construct and develop the Slayton
Solar Project was approximately $2.25 per watt cheaper to construct than the
average residential size system and $1.13 per watt cheaper than a commercial size
system.

There are a number of factors that contribute to the lower per watt installed cost
of a utility scale solar system, including purchasing power from equipment and
solar module manufactures, fixed project overhead expenses, improved installer
efficiencies and fixed mobilization costs.

Figure 5

24 Alan Goodrich, Ted James and Michael Woodhouse, Residential, Commercial and Utility-Scale Photovoltaic
(PV) System Prices in the United States: Current Drivers and Cost-Reduction Opportunities, February 2012,
http://www.nrel.gov/docs/fy12osti/53347.pdf
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4. Project Lessons Learned:

Interconnecting Solar to Transmission Level Circuits:
One of the main objectives of the Slayton Solar project was to “evaluate the technical
efficiencies and challenges (or lack thereof) of pairing interconnections, permitting and
site development of solar and wind technologies. As detailed in Section 2 of this report,
Renovo learned the difficulties of pairing the interconnection for a wind and solar project
on a transmission line. While entirely possible to achieve, interconnecting renewable
generation to a transmission line is costly and time consuming. The economic viability of
interconnecting a solar generating facility to a transmission line is dependent upon the
size of the project, the size of the transmission line and the price being received for each
MWh of energy produced. Typically, it is less expensive to interconnect to a lower
voltage transmission line (i.e. 34 kV versus 138 kV) because the cost of the transformer
to step up the voltage to the 34 kV is less expensive than 138 kV. In addition, a larger
solar project (e.g. 10 MWDC) would be capable of absorbing higher interconnection costs
because those costs would be spread out among a greater production leading to a lower
cost per MWh generated. Thirdly, a higher PPA rate (i.e. price being paid to the
independent power producer for each MWh produced) would also have an impact on the
economic viability of a solar generating facility’s interconnection to a transmission
system. There are too many variables to take into account to determine at what size
(MWs) a solar project becomes economically viable to interconnect to a transmission
level circuit, but we did learn that a 2 MWDC solar project, on its own, is not
economically viable to interconnect to a 69 kV transmission line. Furthermore, the larger
the solar project, the more capable it is of absorbing higher interconnection costs .

During the initial efforts to accomplish the joint interconnection, Renovo commissioned
Excel Engineering, Inc. to prepare a Generation Addition Outlet Analysis to determine
the feasibility of interconnecting to ITC Midwest’s 69 kV transmission line in Storden,
MN. The analysis determined the transmission line is heavily constrained. The report also
concluded that the first five (5) megawatts of incremental generation would require both
(i) the 69 kV transmission line in question to be reconductored for two miles and (ii)
equipment upgrades to a substation near Storden, MN. While an estimate for the
substation upgrades was not prepared, reconductoring the 69 kV transmission line was
estimated to cost approximately $400,000. Moreover, the costs for a 69 kV step-up
transformer would far exceed the cost for a distribution level transformer to interconnect
into a distribution level circuit. The lesson learned here is that one of the first steps for
site selection is to evaluate the receiving substation and electric infrastructure and to
identify the necessary upgrades or improvements.

The Generation Addition Outlet Addition Analysis determined that there was not
sufficient capacity on the ITC transmission line to accommodate an additional two (2)
megawatts of generation without significant upgrades to the transmission line and nearby
substation. In addition, Renovo’s interconnection queue (MISO Project Number G517)
for the wind farm in Jeffers was being contested and was likely going to experience
significant delays.
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We very quickly learned that the Jeffers wind farm would not be able to construct in the
immediate future and the 2.0 MWDC solar project could not be interconnected at the
originally proposed 69 kV transmission line in Storden, Minnesota. By going through this
process, we also learned that the solar project on its own would not be able to be
interconnected to a transmission line and that the only cost effective means to deliver the
power would be interconnecting to Xcel Energy’s distribution system.

This drastically reduced the geographic options of where the project could be located. As
can be seen in Figure 6 below, Xcel Energy’s service territory in southwest Minnesota is
sparse.

Figure 6. Xcel Energy’s Service Territory

However, in order to keep the original goals and objectives intact, the project needed
to be located in southwest Minnesota because of the abundance of wind farms in the
area.

Interconnecting Solar to Distribution Level Circuits:
In addition to learning lessons with respect to interconnecting to a transmission line,
Renovo also very quickly learned the challenges associated with interconnecting to a
distribution system while searching for an alternative site for the solar project. First
and foremost, there is no publically available data that provides information relating to
load or capacity of Xcel Energy’s distribution circuits or substations. The only way to
determine if a point of interconnection on a given distribution circuit is acceptable is to
apply for “interconnection”. The lack of information and costs to apply for
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interconnection presents a challenge for independent power producers. Without load
and capacity information for distribution circuits, solar developers are in the dark
when searching for an acceptable point of interconnection. However, we did learn a
few things along the way, including the necessity to allow plenty of time to work
through a utility’s interconnection requirements.

There are a few important things to look for when attempting to interconnect a
distributed generation solar project. First and foremost, we learned that the point of
interconnection should be as close to load as possible. Even if a distribution circuit has
capacity, if there isn’t demand for the power generation, the utility will not accept the
interconnection application. Secondly, we learned that larger distribution circuits (i.e.
3-phase) have a higher likelihood of being able to handle the negative load of a utility
scale solar project, so it was important to seek out a medium voltage distribution
circuit over 12 kV. Lastly, we learned that a utility has a higher likelihood of
approving an interconnection application if the applying generation facility is located
near the distribution circuit’s substation. We also learned that the maximum size
distributed generation solar project a 12 kV (or similar size) 3-phase distribution
circuit is capable of handling is typically in the range of 1 to 5 MWDC . The amount of
distributed generation that any single distribution circuit can handle is dependent upon
not only capacity, but also load. Since substations are typically located near the load
centers, it’s important to be able to deliver the power as close to the load as possible,
as opposed to further down the distribution line where the load isn’t needed.

Additional Lesson’s Learned:

 Planning – Tracker versus Fixed-Tilt Systems:

An important question to answer during the initial design and planning phases of
a photovoltaic solar generating facility is whether to construct a fixed-tilt system
or a single-axis tracker system. A fixed-tilt system involves a stationary racking
system, which has no moving parts, whereas a single-axis tracker system involves
integrating a mechanical motor to the racking system that adjusts the horizontal
angle of the modules based on the time of the day or the sun’s angle of incidence
to the modules. There is a second type of tracker system called a dual-axis tracker
system. This type of system adjusts the horizontal angle of the modules based on
the time of the day and also adjusts the vertical angle based on the season. Both
the single-axis tracker and dual-axis tracker will increase the overall annual
production of a solar generating facility, but they are also more expensive.

A dual-axis tracking system has not been widely implemented on a utility scale
primarily because it is cost prohibitive and requires much more land than its
counterparts. This type of system was not considered for the Slayton Solar
project, but a single-axis tracker system was considered. In order to determine
which system to design and construct we analyzed the economic performance of
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both types of systems, taking into consideration the differences in cost and
forecasted production.

After analyzing the projected economic performance of both a fixed-tilt system
and a single-axis tracker system, the fixed-tilt system was likely to provide better
economic returns.  Generally a fixed tilt system is worth considering when time of
day pricing (i.e. the price paid per MWh of generation is based on demand) is
available. A single-axis tracker will generally result in a higher proportion of the
system’s overall production being within the peak or super-peak time of day.
Time of day pricing generally increases the amount paid per MWh for power
generation during peak periods and reduces the amount paid per MWh during
non-peak periods. Since solar generating facilities typically produce large
amounts of energy during peak demand periods and single-axis tracker systems
maximize production during these periods, we’ve found that in some
circumstances a single-axis tracker system economically outperforms fixed-tilt
systems when time of day pricing mix is right, after taking into account the higher
initial cost of those systems, increased land use and the higher maintenance cost
for those systems. This didn’t happen to be the case with the Slayton Solar
Project, which is why we chose to construct a fixed-tilt system.

 System Design:
In addition to determining whether to construct a fixed-tilt system or a single-axis
tracker system, we also had several other decisions to make relating to the design
of the facility including row spacing and the tilt angle of the modules. Both of
these design aspects are interrelated. As the angle of the module is increased,
annual production increases (up to a point), but at the same time the row to row
shading also increases. In other words, the shading caused by a module installed
at a 15 degree tilt will be less than a module installed with a 30 degree tilt. We
learned that this is important to consider because as the shading increases, the row
to row spacing also needs to increase in order to avoid lost production from row
to row shading. Increasing the row to row spacing also increases the cost of the
solar generating system because the system then requires more land and more
lineal feet of conductors.

Another consideration to make when selecting the angle of a module in a fixed-tilt
system is snow – the greater the angle of the module, the more quickly snow will
slide off of the module and ultimately result in less production lost from snow
cover.

The Slayton Solar Project did not have land restrictions, meaning that the parent
parcel of land was large enough to allow for flexibility of increasing the row to
row spacing without increasing the cost of the land. We then determined that the
increased cost of conductors resulting from increasing the row to row spacing was
not significant enough to drive the decision of which angle to use when installing
the modules. As a result, the decision of the tilt angle was based on maximizing
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production and minimizing snow cover. We learned that the optimal angle for
maximizing production at this latitude was 35 degrees, but we found that by
increasing the angle to 37 degrees resulted in minimal losses (0.1%) in energy
production versus a 35 degree tilt and at the same time it optimized the angle at
which snow would slide off the modules. We made the decision to sacrifice a very
small amount of energy production in exchange for the reduced risk of snow
cover, by increasing the angle of tilt from 35 to 37 degrees. Increasing the tilt
angle of the modules beyond 37 degrees resulted in lower production that was not
worth the reduced snow cover tradeoff.

 Structural Design:

The structural design of a photovoltaic solar project typically involves either
embedding piers into the ground or utilizing what’s known as a ballasted
mounting system. A ballasted mounting system consists of mounting the solar
racking system to a concrete block that essentially anchors the solar system above
grade. Ballasted systems are typically more costly than an embedded pier
foundation design and are most often used on sites where driving a pier into the
ground is either more expensive or not possible, such as on a landfill. Since the
soils at the Slayton Solar site allowed for the reasonable installation of an
embedded pier foundation design, a ballasted system design was not pursued
because it would’ve resulted in an unnecessary increase to the overall system
costs.

While designing the structural component of the Slayton Solar Project, we learned
that an embedded pier style structural design is dependent upon several variables
including the soil type and the tilt angle of the modules. Both of these variables
can have an impact on the size of the piers required and the embedment depth of
the piers into the soil. The soil type is critical as a site with softer soils may result
in the need for an increased pier size, a greater embedment depth or both. Also,
the tilt angle of a system is important to consider when designing the structural
foundations because a greater tilt angle will result in greater wind loading. Both
the soils and the tilt angle can ultimately impact the amount of steel required for
the piers and thus the installation cost.

The Slayton Solar Project utilized a W6x9 H-Beam piers with a length of 16 feet.
These piers were embedded at a depth of 11 feet, meaning 5 feet of the 16 foot
piers are above grade and 11 feet are below grade. We learned that if we had
reduced the angle of tilt of the modules, we may have been able to reduce the
amount of steel required for the piers, but to achieve any benefit, the angle
would’ve needed to be reduced below 30 degrees and the lost production from
reducing the angle was not worth the benefit of reducing the amount of steel
required for the structural foundations.
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 Equipment Procurement

While sometimes solar developers choose to outsource their equipment
procurement, Renovo procured the major equipment for the Slayton Solar Project
directly from the manufacturers. Major equipment included the modules, racking
system, inverters, transformer, disconnect switches, switchgear unit, monitoring
equipment and the equipment skid. We learned that the logistical component of
equipment procurement is the most critical. In order to keep construction of the
project on-time and within budget, lead times for equipment delivery were
important. Consequently, you need to know the lead time to both manufacture and
deliver each piece of equipment. In addition, we learned that the lead times for the
inverters, transformer, monitoring equipment and the equipment skid are
interrelated and dependent upon one another. In other words, we could not
construct the equipment skid until the monitoring equipment, inverters and
transformers had all been shipped to the equipment skid manufacturer’s facility.
This required careful planning to ensure deliveries were made on-time during
construction.

Renovo elected to procure the equipment for the Slayton Solar Project to utilize
economies of scale and to reduce overhead markup that is typically charged to
developers by general contractors or EPCs. Renovo did achieve some volume
price breaks from vendors for the Slayton Solar Project, but ultimately we learned
that the larger price breaks were achieved when procuring equipment for a project
or combined projects over 10 MWDC. These price breaks largely come in the form
of a reduction in the price paid per watt for solar modules. Slayton Solar’s size
resulted in volume discounting for the piers, modules and racking, but it did not
result in any price breaks for the inverters or monitoring equipment.

5. Usefulness of Project Findings

a. Viability of Utility Scale Solar in Minnesota
As of the date of this report, the Slayton Solar project is the largest single
photovoltaic solar electric generating facility delivering power in the State of
Minnesota. 25This Project has experienced significant attention with articles being
written about it in the Star Tribune, the Twin Cities Finance and Commerce and
several papers local to the Slayton area. This attention has helped spread the
message about the viability of utility scale solar in the State of Minnesota. This
attention has even grabbed the attention of US Senator Amy Klobuchar, who
visited the Project in January of 2013.

b. Effect of Co-Locating Wind and Solar
One of the unique aspects of the Slayton Solar Project is its proximity to some of
the state’s largest wind farms. By locating the project in Slayton, Minnesota,

25 Source: Minnesota Department of Commerce
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Renovo and Xcel Energy will be able to determine (i) how the combined
generation from wind and solar facilities impacts grid reliability during peak
demand periods and (ii) the possibility of utilizing an existing point of
interconnection from a wind farm for additional solar generation.

The results of these findings could impact the ability to utilize existing
transmission infrastructure to deliver firmer reliable power during peak demand
periods without the requirement for capital improvements to the existing
transmission lines.

c. Impacts to State Solar Policies
As outlined in Section 2, the estimated net benefits of distributed generation solar
are significant to Minnesota. Some benefits can be estimated as noted above, and
some are not as easy to quantify, such as the impact of distributed generation solar
energy on locational marginal pricing (LMP) as discussed under Objective #2 of
Section 2. Numerous studies have been performed throughout the U.S. that
indicate distributed generation (solar), when implemented on a large scale, can
reduce LMP at the affected node(s), but no such study to our knowledge has been
performed in the State of Minnesota. This report does not quantify any potential
value that the Slayton Solar Project may have with respect to the reduction of
LMP, but it is important that this topic be studied further in the Minnesota to
understand what this value is to the State of Minnesota and its rate payers.

Another benefit, which has not been quantified, is the benefit solar brings to
Minnesota’s GHG emission compliance. Minnesota is one of a few states that
have adopted statewide laws to limit greenhouse gas emissions.26 In its January
2013 Biennial Report to the Minnesota Legislature, the Minnesota Department of
Commerce confirmed that the 2015 GHG reduction target of 15% will not be
reached.  While GHG emissions were reported to have declined an overall 3%
between 2005 and 2010, the Biennial Report notes that the drop was due primarily
to the economic recession27.  Now that the recession is hopefully over, the
Biennial Report acknowledges that GHG emissions are back on the rise.

The Biennial Report notes that the electric utility sector had achieved a 13%
reduction in 2010 from 2005 levels.  However, the electric utility sector is the
easiest sector for the State of Minnesota to regulate in terms of achieving further
GHG reductions.  The other sectors noted in the report—agriculture, industrial,
residential, commercial and waste—are more difficult to regulate because, among
other reasons, the diverse number of persons that would need to be regulated.
Electric utilities, however, provide a central point whose reductions would then
have a positive effect on the other sectors.  Regulation of those other sectors

26 See, Minn. Stat. 216H.02.
27 See Biennial Report, p.4.
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might also result in a constraint on economic activity, whereas the wide
deployment of solar in Minnesota would stimulate economic activity in a big way.

Massachusetts is one of the other states that has adopted GHG targets.  It was
recently noted by the Massachusetts Department of Public Utilities (“MDPU”)
that the cost of achieving the GHG targets will far exceed the cost of fulfilling
renewable portfolio standards. The MDPU stated that in their view the electricity
sector must play a proportionately larger role in reducing GHG emissions than
other sectors because the electricity sector has the opportunity to reduce emissions
at lower cost than other sectors.28

Solar is also the only renewable resource that will continue to provide GHG
benefits for the next 40-60 years.

In addition, when developing policies for solar energy in the State of Minnesota,
it will be important for state law and policy makers to review other solar programs
throughout the US and determine which programs have been most successful.
Although a grant per watt, as implemented with the Slayton Solar Project, is an
effective means to deploy solar energy, the best method to achieve deployment of
solar energy is to institute a feed-in tariff.  Some form of a feed-in tariff for solar
are currently in effect or underway in Indiana, Georgia, Florida, California, New
York, Vermont, Massachusetts and New Jersey.

Other methods, such as solar renewable energy credits (SRECs) and net-metering
policies have been implemented throughout the U.S., but both of these policies
can create obstacles to the deployment of solar energy.

With respect to SRECs, they can be difficult to finance because they are typically
purchased and sold on a market exchange on a yearly basis and not on a long term
contract. That being said, it is possible to implement an SREC program that
would mandate long term contracts for eligible projects at a long-term fixed price
to sell SRECs over a 15 or 20 year period. The implementation of a fixed-price
SREC program in the State of Minnesota, coupled with a PPA that would pay the
avoided costs calculated in the report, would create a sufficient incentive to result
in significant deployment of solar, while increasing the total net benefit to the
State of Minnesota.

In order to analyze what the net benefit of an SREC program might look like (to
both a project owner and the State of Minnesota), we need to revisit section 2
where we analyzed the net benefits (Case 2) of distributed generation to a solar
developer utilizing only the federal ITC. In this case, the net benefits to a
developer were negative ($909,749) over the term of the 20 year PPA and only
$173,338 over the 45 year useful life of the solar project. These estimated net

28 See, MDPU Docket 12-30, Final Order (November 26, 2012) at p.104.
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benefits were based on a 2012 equipment and construction prices. Using the same
net benefit methodology in Case 2, we determined that the cost to develop a solar
project would need to decrease to $2.49 per watt (see Table 1) in order to achieve
a net benefit equal to zero over the term of a 20 year PPA. This means that with
the 30% federal ITC, a solar project will start achieving positive net benefits as
the installed cost of solar drops to $2.49 per watt or lower.

Table 1. Net benefits to project owner with federal ITC and an installed cost
of $2.49 per watt

Total installed cost (per watt) $2.49
Discount Rate 7.56%
NPV of Revenue (20 Years) $2,706,405
NPV of Costs (20 Years) ($2,699,392)
Net NPV of Revenue/Costs (20 Years) $7,013
Net NPV of Revenue/Costs (45 Years) $1,090,099

Since solar module prices have declined significantly since costs were for the
Slayton Solar Project were incurred and the efficiency of solar modules has
continued to improve, it’s reasonable to assume that the installed cost of solar has
declined since 2012 and could continue to decline.

But even at an installed cost of $2.49 per watt, the net benefit to a developer is
negligible and would not provide enough incentive for a developer to invest in
solar in the State of Minnesota.

Now let’s take a look at the potential impact that an SREC program could have on
the net benefits to both the State of Minnesota and a project owner. By
implementing a 15-year SREC program at fixed price of $30.00 per MWh, the
installed cost of a solar project would only need to drop to $3.20 per watt to
achieve a net benefit equal to zero. Table 2 and 3 below demonstrates what the net
benefits to a project owner would be at an installed cost of $2.49 per watt and
$3.00 per watt respectively, both utilizing the 30% ITC subsidy and a long term
SREC price of $30.00 per MWh.

Table 2. Net benefits to project owner with Federal ITC, SRECs and an
installed cost of $2.49 per watt.

Total installed cost (per watt) $2.49
Discount Rate 7.56%
NPV of Revenue with SRECs (20 Years) $3,378,431
NPV of Costs (20 Years) ($2,699,392)
Net NPV of Revenue/Costs (20 Years) $679,039
Net NPV of Revenue/Costs (45 Years) $1,762,126
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Table 3. Net benefits to project developer with Federal ITC, SRECs and an
installed cost of $3.00 per watt.

Total installed cost (per watt) $3.00
Discount Rate 7.56%
NPV of Revenue with SRECs (20 Years) $3,378,431
NPV of Costs (20 Years) ($3,186,421)
Net NPV of Revenue/Costs (20 Years) $192,009
Net NPV of Revenue/Costs (45 Years) $1,275,096

The calculations in Table 2 and 3 above demonstrate that a 15 year SREC
program could have a significant impact on the net benefit of solar to a solar
project owner in the State of Minnesota.

Now we have to consider the potential net benefits an SREC program could have
to the State of Minnesota. We previously estimated the net benefits of a 2 MWDC

solar project to the State of Minnesota (in Section 2 of this report) to be
$3,890,251 over the term of a 20 year PPA or $4,973,338 over the 45 year useful
life of the solar project (taking into account an RDF grant of $1 per watt). By
implementing a 15-year fixed SREC program over 15 years, there would be no
RDF grant but there would be the cost of the SREC program.  The net benefits of
a 2 MWDC solar project to the State of Minnesota are shown below in Table 4 and
Table 5 at an installed cost of $2.49 per watt and at $3.00 per watt respectively.

Table 4. Net benefits to the State of Minnesota with Federal ITC, SRECs and
an installed cost of $2.49 per watt.

Total Installed Cost (per Watt) $2.49
Discount Rate 7.56%
NPV of Benefits (20 Years) $6,834,379
NPV of Costs (20 Years) ($2,699,392)
Net Benefits (20 Years) $4,134,987
Net Benefits (45 Years) $5,218,074

Table 5. Net benefits to the State of Minnesota with Federal ITC, SRECs and
an installed cost of $3.00 per watt.

Total Installed Cost (per Watt) $3.00
Discount Rate 7.56%
NPV of Benefits (20 Years) $6,834,379
NPV of Costs (20 Years) ($3,186,421)
Net Benefits (20 Years) $3,647,958
Net Benefits (45 Years) $4,731,044
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Both scenarios outlined in Tables 4 and 5 demonstrate the potential to increase the
net benefits to the State of Minnesota by implementing an SREC program in the
State of Minnesota.

Net metering policies also have a place in the solar industry, but this type of
incentive program requires the owner of the generating facility to have an existing
load and the system owner must typically consume most of the energy they
generate. A net-metering program limits the quantity and size of solar generating
facilities that can be implemented within a given utility service territory.

In order to expand the solar generating footprint on a large scale in Minnesota, the
most effective policy to encourage development and remove limitations of where
solar generation can be constructed, is to implement a long term fixed price SREC
program (with a fixed PPA at the avoided costs assumed in this report) or a feed-
in-tariff policy.

While the Slayton Solar project now brings Minnesota’s solar generating
resources to approximately 13MWDC of installed capacity, a state such as
Georgia, which has many low cost generating resources, has implemented a feed-
in tariff for solar based upon an true calculation of project future avoided costs.
As a result, by 2015 Georgia expects to have 271MWDC of solar, more than 20
times Minnesota’s current capacity.

6. Technical Progress
As of the date of this final milestone report, the Slayton Solar project has been
commissioned and is delivering power to Xcel Energy/NSP. The Project was originally
conceived in July of 2007 when Renovo (formerly Outland) applied for a $2 million grant
from the RDF. Since that time, the project has moved locations and the proposed
equipment is slightly different, however, the goals and objectives have remained intact.
Below is a summary of the development timeline, the permitting required and a summary
of the equipment and construction of the Slayton Solar Project.

a. Project Timeline
Task Completion Date

i. RDF Grant Proposal July 2007
ii. Executed PPA November 3, 2011

iii. Execute RDF Contract May 13, 2011
iv. Engineering/Design March 13, 2012
v. Zoning/Permitting April 25, 2012

vi. Site Acquisition September 17, 2012
vii. Site Work October 29, 2012

viii. Equipment Procurement (100%) December 6, 2012
ix. Electrical/Civil Work December 27, 2012
x. Project Commissioning January 6, 2013

xi. Reclamation Not yet completed (spring 2013)
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b. Land Use Approvals & Permits

i. Conditional Use Permit Murray County
ii. Wetland Determination Murray County Soil and Water

iii. DNR Approval Minnesota DNR
iv. Natural Heritage Data Search Minnesota DNR
v. Zoning Certificate Murray County

vi. Driveway Permit Murray County
vii. Construction Permit Murray County

viii. Electrical Permit State of Minnesota
ix. Erosion Control Permit Murray County
x. Site Plan Approval Murray County

c. Equipment and Construction

Below is a summary of the major equipment that was used to construct the Slayton Solar
Project. A site plan of the project, which identifies the location of the major equipment, can
be found on the attached Exhibit “B”.

Foundation Installation
The Project required 1,584 W6x9 steel
H-beam piers which were directly driven
into the ground. Each pier is 16 feet in
length and has an installed embedment
depth of 11 feet. The piers were installed
using the vibratory pile driver shown on
the right.

Racking Installation
A racking system manufactured by
LeGrand was field installed to the
foundation piers as depicted in the photo
on the right. The racking equipment
consists of pier caps and tables. The
caps mount to the piers and the tables
mount to the caps using bolt and nut
assembly.



31

Modules
The facility utilizes 72-cell polysilicon
solar modules (Trina Solar TSM-PA14
series) to generate electricity using
available sunlight as a fuel source. The
facility’s generating array contains 7,040
285W solar modules on a fixed-tilt
racking system, oriented due south at a
tilt angle of 30 degrees. The modules are
connected in series strings of 11
modules each; the array contains 640
strings.

Combiner Boxes
The facility consists of 32 SolarBos
combiner boxes, including both 16 string
(200 amp rated) and 24 string (400 amp
rated) combiner boxes.

Inverters
The project contains 2 – 500 kW and 2 –
333 kW Advanced Energy Inverters. This
equipment inverts the energy produced
by the solar modules from direct current
(DC) to alternating current (AC), so the
power can be injected into the grid.
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Transformer
The step-up transformer mounted on the
equipment skid assembly is a 13.8 kV
transformer manufactured by ABB. This
increases the voltage of the power
generated by the facility in order to
interconnect and deliver power into the
grid.

Equipment Skid
The equipment skid is manufactured by
Hill Phoenix and houses the majority of
the medium voltage electrical equipment
including the inverters, transformer,
disconnect switch and monitoring
equipment.

d. Financing and available incentives used for the Project
The construction financing for the Slayton Solar Project was provided by Allco
Finance Limited. The long term financing will be provided by Allco Finance
Limited using Allco’s proprietary solar leveraged lease financing structure.
supported by a long-term power purchase agreement with Xcel  Energy.    The
lease financing will be used to lower the financing cost of the Solar Project by
providing the federal and state tax incentives to the third party financier/lessor in
exchange for a reduced lease rate.  The Solar Project will be owned for tax
purposes by the lessor and leased to Slayton Solar LLC.   Slayton Solar LLC will
make rent payments under the lease to the lessor from funds obtained under its
long-term power purchase agreement with Xcel Energy.

With respect to available incentives 30% of the project will be funded by the US
Treasury Department’s 1603 Cash Grant Program and $2 million of the project
will be funded through a grant from the RDF.

"Project funding provided by customers of Xcel Energy through a grant from the
Renewable Development Fund."
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LEGAL NOTICE

THIS REPORT WAS PREPARED AS A RESULT OF WORK SPONSORED BY NSP.   IT DOES NOT
NECESSARILY REPRESENT THE VIEWS OF NSP, ITS EMPLOYEES, OR THE RENEWABLE
DEVELOPMENT FUND BOARD.  NSP, ITS EMPLOYEES, CONTRACTORS, AND
SUBCONTRACTORS MAKE NO WARRANTY, EXPRESS OR IMPLIED, AND ASSUME NO LEGAL
LIABILITY FOR THE INFORMATION IN THIS REPORT; NOR DOES ANY PARTY REPRESENT
THAT THE USE OF THIS INFORMATION WILL NOT INFRINGE UPON PRIVATELY OWNED
RIGHTS.  THIS REPORT HAS NOT BEEN APPROVED OR DISAPPROVED BY NSP NOR HAS NSP
PASSED UPON THE ACCURACY OF ADEQUACY OF THE INFORMATION IN THIS REPORT.



Exhibit A
Projected Energy Production Report
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Slayton Solar Project

Grid-Connected System: Simulation parameters

Project  : Slayton Solar
Geographical Site Worthington (awos) Country USA

Situation Latitude 43.6°N Longitude 95.6°W
Time defined as Legal Time Time zone UT-6 Altitude 480 m

Monthly albedo values

Albedo
Jan.
 0.60

Feb.
 0.60

Mar.
 0.40

Apr.
 0.20

May
 0.20

June
 0.20

July
 0.20

Aug.
 0.20

Sep.
 0.20

Oct.
 0.20

Nov.
 0.20

Dec.
 0.60

Meteo data  : Worthington (awos), NREL TMY3

Simulation variant  : Slayton Solar
Simulation date 18/02/13 09h48

Simulation parameters

Collector Plane Orientation Tilt 37° Azimuth 0°

Horizon Free Horizon

Near Shadings No Shadings

PV Arrays Characteristics   (2  kinds of array defined )

PV module Si-poly Model TSM-285 P14
Manufacturer Trina Solar

Array#1: Number of PV modules In series 22 modules In parallel 192 strings
Total number of PV modules Nb. modules 4224 Unit Nom. Power 285 Wp
Array global power Nominal (STC) 1204 kWp At operating cond. 1209 kWp (28°C)
Array operating characteristics (50°C) U mpp +/-401 V I mpp 1508 A

Array#2: Number of PV modules In series 22 modules In parallel 128 strings
Total number of PV modules Nb. modules 2816 Unit Nom. Power 285 Wp
Array global power Nominal (STC) 803 kWp At operating cond. 806 kWp (28°C)
Array operating characteristics (50°C) U mpp +/-401 V I mpp 1005 A

Total Arrays global power Nominal (STC) 2006 kWp Total 7040 modules
Module area 13660 m²

Array#1 :  Inverter Model Solaron 500
Manufacturer Advanced Energy Industries, Inc.

Characteristics Operating Voltage +/-330-550 V Unit Nom. Power 500 kW AC
Inverter pack Number of Inverter 2 units Total Power 1000 kW AC

Array#2 :  Inverter Model Solaron 333
Manufacturer Advanced Energy Industries, Inc.

Characteristics Operating Voltage +/-330-550 V Unit Nom. Power 333 kW AC
Inverter pack Number of Inverter 2 units Total Power 666 kW AC
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Slayton Solar Project

Grid-Connected System: Simulation parameters (continued)

PV Array loss factors
Thermal Loss factor Uc (const) 26.7 W/m²K Uv (wind) 0.0 W/m²K / m/s

=> Nominal Oper. Coll. Temp. (G=800 W/m²,  Tamb=20°C,  Wind=1 m/s.) NOCT 47 °C
Wiring Ohmic Loss Array#1 8.1 mOhm Loss Fraction 1.5 % at STC

Array#2 12 mOhm Loss Fraction 1.5 % at STC
Global Loss Fraction 1.5 % at STC

Array Soiling Losses Loss Fraction 2.0 %
Module Quality Loss Loss Fraction 2.5 %
Module Mismatch Losses Loss Fraction 2.0 % at MPP
Incidence effect, ASHRAE parametrization IAM = 1 - bo (1/cos i - 1) bo Parameter 0.05

System loss factors
External transformer Iron loss (24H connection) 2004 W Loss Fraction 0.1 % at STC

Resistive/Inductive  losses 1.1 mOhm Loss Fraction 1.0 % at STC

User's needs : Unlimited load (grid)
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Slayton Solar Project

Grid-Connected System: Main results

Project  : Slayton Solar
Simulation variant  : Slayton Solar

Main system parameters System type Grid-Connected
PV Field Orientation tilt 37° azimuth 0°
PV modules Model TSM-285 P14 Pnom 285 Wp
PV Array Nb. of modules 7040 Pnom total 2006 kWp
Inverter Model Solaron 500 Pnom 500 kW ac
Inverter Model Solaron 333 Pnom 333 kW ac
Inverter pack Nb. of units 4.0 Pnom total 1666 kW ac
User's needs Unlimited load (grid)

Main simulation results
System Production Produced Energy 2620 MWh/year Specific prod. 1306 kWh/kWp/year

Performance Ratio PR 82.6 %
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Normalized productions (per installed kWp):  Nominal power 2006 kWp

Yf : Produced useful energy  (inverter output)  3.58 kWh/kWp/day
Ls : System Loss  (inverter, ...)                        0.11 kWh/kWp/day
Lc : Collection Loss (PV-array losses)              0.64 kWh/kWp/day
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Performance Ratio PR

PR : Performance Ratio (Yf / Yr) :  0.826

Slayton Solar
Balances and main results

GlobHor T Amb GlobInc GlobEff EArray E_Grid EffArrR EffSysR

kWh/m² °C kWh/m² kWh/m² MWh MWh % %

January 32.5 -10.11 48.3 46.6 91.3 87.3 13.83 13.22

February 70.5 -2.74 112.9 109.8 203.1 196.8 13.17 12.76
March 99.4 -3.45 126.0 122.2 230.3 223.3 13.38 12.97
April 130.7 7.17 140.5 136.5 239.0 231.5 12.45 12.06
May 155.9 14.62 148.4 143.3 248.9 241.5 12.28 11.91
June 183.9 19.63 169.9 164.1 280.1 272.1 12.07 11.72
July 208.0 22.63 196.9 190.5 318.5 309.6 11.84 11.51
August 185.0 21.29 192.6 186.8 313.0 304.4 11.90 11.57
September 143.9 18.16 176.4 171.7 291.1 283.0 12.08 11.75
October 82.4 7.75 115.1 112.2 201.7 195.4 12.83 12.43
November 56.4 -0.25 97.1 94.8 177.6 172.0 13.39 12.96
December 35.2 -5.90 57.7 56.0 108.0 103.7 13.69 13.15

Year 1383.7 7.44 1581.9 1534.4 2702.6 2620.5 12.51 12.13

Legends: GlobHor Horizontal global irradiation
T Amb Ambient Temperature
GlobInc Global incident in coll. plane
GlobEff Effective Global, corr. for IAM and shadings

EArray Effective energy at the output of the array
E_Grid Energy injected into grid
EffArrR Effic. Eout array / rough area
EffSysR Effic. Eout system / rough area
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Slayton Solar Project

Grid-Connected System: Loss diagram

Project  : Slayton Solar
Simulation variant  : Slayton Solar

Main system parameters System type Grid-Connected
PV Field Orientation tilt 37° azimuth 0°
PV modules Model TSM-285 P14 Pnom 285 Wp
PV Array Nb. of modules 7040 Pnom total 2006 kWp
Inverter Model Solaron 500 Pnom 500 kW ac
Inverter Model Solaron 333 Pnom 333 kW ac
Inverter pack Nb. of units 4.0 Pnom total 1666 kW ac
User's needs Unlimited load (grid)

Loss diagram over the whole year

Horizontal global irradiation1384 kWh/m²
+14.3% Global incident in coll. plane

-3.0% IAM factor on global

Effective irradiance on collectors1534 kWh/m² * 13660 m² coll.

efficiency at STC = 14.94% PV conversion

Array nominal energy (at STC effic.)3133 MWh

-3.1% PV loss due to irradiance level

-3.4% PV loss due to temperature

-2.1% Array Soiling loss

-2.6% Module quality loss

-2.1% Module array mismatch loss
-0.9% Ohmic wiring loss

Array virtual energy at MPP2712 MWh

-1.9% Inverter Loss during operation (efficiency)
-0.4% Inverter Loss over nominal inv. power
0.0% Inverter Loss due to power threshold
0.0% Inverter Loss over nominal inv. voltage
-0.0% Inverter Loss due to voltage threshold

Available Energy at Inverter Output2652 MWh

-1.2% External transfo loss

Energy injected into grid2620 MWh



Slayton Solar
12 x 24 Energy Production Profile

KWs
January February March April May June July August September October November December

0:00 - - - - - - - - - - - -
1:00 - - - - - - - - - - - -
2:00 - - - - - - - - - - - -
3:00 - - - - - - - - - - - -
4:00 - - - - - - - - - - - -
5:00 - - - - 18 40 12 - - - - -
6:00 - - - 63 114 120 109 76 17 - - -
7:00 - 6 147 264 323 348 369 338 318 137 - -
8:00 53 313 410 484 554 593 685 687 641 389 313 76
9:00 348 643 651 686 677 917 974 960 901 642 565 265
10:00 300 915 825 951 841 974 1,136 1,127 1,109 892 792 453
11:00 345 1,037 873 1,057 956 1,133 1,279 1,180 1,262 1,042 926 631
12:00 416 1,081 1,055 1,049 900 1,146 1,294 1,262 1,320 925 975 680
13:00 363 965 1,016 964 951 1,029 1,186 1,240 1,250 888 941 637
14:00 364 915 993 846 881 919 1,046 1,125 1,129 725 695 360
15:00 420 688 691 679 813 844 916 924 834 471 443 218
16:00 206 424 402 451 488 576 599 604 496 172 85 24
17:00 - 47 150 206 225 319 299 260 159 8 - -
18:00 - - - 16 49 87 66 35 - - - -
19:00 - - - - - 23 8 - - - - -
20:00 - - - - - - - - - - - -
21:00 - - - - - - - - - - - -
22:00 - - - - - - - - - - - -
23:00 - - - - - - - - - - - -

Esimated kW Production for a Given Hour During Each Month



Slayton Solar
12 x 24 Energy Production Profile

kWhs
January February March April May June July August September October November December Totals

0:00 - - - - - - - - - - - - -
1:00 - - - - - - - - - - - - -
2:00 - - - - - - - - - - - - -
3:00 - - - - - - - - - - - - -
4:00 - - - - - - - - - - - - -
5:00 - - - - 549 1,190 377 - - - - - 2,116
6:00 - - - 1,900 3,522 3,610 3,394 2,371 503 - - - 15,300
7:00 - 162 4,549 7,932 10,002 10,451 11,452 10,469 9,550 4,257 - - 68,826
8:00 1,649 8,758 12,722 14,508 17,162 17,775 21,222 21,282 19,225 12,060 9,400 2,350 158,113
9:00 10,781 17,995 20,181 20,587 20,990 27,500 30,186 29,754 27,031 19,895 16,964 8,224 250,088
10:00 9,312 25,620 25,575 28,539 26,085 29,234 35,222 34,923 33,285 27,666 23,750 14,044 313,254
11:00 10,700 29,036 27,063 31,715 29,622 33,993 39,656 36,588 37,857 32,300 27,774 19,570 355,874
12:00 12,886 30,268 32,705 31,479 27,901 34,375 40,105 39,128 39,600 28,687 29,236 21,090 367,461
13:00 11,248 27,020 31,483 28,924 29,474 30,872 36,775 38,433 37,502 27,513 28,218 19,755 347,217
14:00 11,279 25,620 30,783 25,379 27,320 27,574 32,437 34,878 33,857 22,489 20,838 11,147 303,600
15:00 13,024 19,264 21,408 20,361 25,214 25,332 28,395 28,647 25,005 14,602 13,291 6,766 241,310
16:00 6,381 11,882 12,472 13,545 15,129 17,290 18,582 18,727 14,882 5,319 2,536 745 137,489
17:00 - 1,320 4,659 6,181 6,981 9,583 9,266 8,061 4,783 233 - - 51,068
18:00 - - - 478 1,531 2,618 2,050 1,095 - - - - 7,771
19:00 - - - - - 678 261 - - - - - 940
20:00 - - - - - - - - - - - - -
21:00 - - - - - - - - - - - - -
22:00 - - - - - - - - - - - - -
23:00 - - - - - - - - - - - - -

Totals 87,261 196,945 223,600 231,528 241,482 272,076 309,380 304,356 283,079 195,021 172,007 103,691 2,620,427

Esimated Total kWh Production for a Given Hour for the Entire Month



Exhibit B
Slayton Solar Site Plan




