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EXECUTIVE SUMMARY

The expanding role of distributed generation in the U.S. energy mix raises significant questions regarding
how to compensate customers with on-site resources for the electricity produced and the full suite of
services provided to the grid. The most common method, net metering, is a source of considerable
controversy due to cross-subsidization and equity concerns. In 2013, the State of Minnesota enacted a rate
structure first pioneered by municipal utility Austin Energy called the Value of Solar (VOS) tariff, which
seeks to quantify the true and precise value provided to the grid by distributed solar resources rather than
simply using the retail rate as a proxy. This approach intends to negate any concerns that these customers
are receiving grid services for free. This analysis examines the application of Minnesota’s VOS tariff to

the Southern California Edison service area of the California Independent System Operator (CAISO).

The VOS tariff methodology was replicated using publicly available data and estimates and assumptions
from government commissioned studies. The result was the rate (levelized and inflation adjusted) at
which solar system owners would be compensated for their on-site electricity generation if the same VOS
policy implemented in Minnesota were to be instituted in California. The rate was then compared to
compensation under the current net energy metering policy in order to assess the impact on various
stakeholders: prospective solar system owners, utilities and their ratepayers without home solar, and
residential solar developers. The VOS tariff was also critically analyzed to consider nuances influencing
the outcomes of the policy as implemented and how the policy might differ if adopted by other
jurisdictions. This study provides an assessment of the transferability of Minnesota’s VOS policy and

indicates important factors when considering the application of this policy in a different jurisdiction.

The Introduction of this report provides background on net metering followed by a snapshot of the current
state of net metering policies in the U.S. overall, and in key states for solar, including recent legislative or
regulatory actions to address concerns regarding net metering. Background on Minnesota’s introduction
of a VOS tariff as an alternative to net metering is given, along with the rationale for choosing California

for conducting a comparative analysis: its prevalence in the U.S. solar industry and availability of data.

The Methods & Application section describes the data obtained, explains the computations performed as
prescribed by the Minnesota Value of Solar: Methodology document, and indicates assumptions,
simplifications required to conduct the analysis with the data and information available. This section then

outlines the methods for assessing impact on stakeholders utilizing financial metrics.



The components included in the value of solar rate calculation methodology include:

* Avoided Fuel Cost

* Avoided Plant O&M Fixed Cost

* Avoided Plant O&M Variable Cost

* Avoided Generation Capacity Cost

* Avoided Reserve Capacity Cost

* Avoided Transmission Capacity Cost

* Avoided Distribution Capacity Cost

* Avoided Environmental Cost

* Avoided Voltage Control Cost (reserved for future versions)

* Integration Cost (reserved for future versions)
The Results & Observations section reports the outcomes of the computations performed. The 25-year
levelized VOS rate obtained was 15.7¢ per KkWh, just above the “Tier 1” retail rate of 15¢ per kWh yet
slightly below the average price paid of 16.5¢ per kWh. When adjusted for inflation (as it would be
applied in practice) the rate rises from 13¢ per kWh in 2015 to 24.2¢ per kWh in 2039, eclipsing the

projected retail rate in 2013 at around 19¢ per kWh. Relative contributions of each component considered

are represented visually in data table and graphical form, the largest contributor being avoided fuel cost.

Next the results of the stakeholder impact assessment are shown in terms of annual electricity bill
impacts, NPV and payback period for an owned system, NPV for the customer of a solar power purchase
agreement and IRR for a developer. Despite a levelized rate above the Tier 1 retail rate, the inflation-
adjusted VOS rate pushes positive cash flows further into the future, decreasing bill savings, increasing
payback times, and lowering project NPV and IRR for owners and developers respectively. These lost

savings would be gains for utilities, and in turn, non-solar-owning utility ratepayers.

The Discussion section of this report outlines the implications of these findings and viability of
Minnesota’s VOS policy as a model for addressing net metering concerns in California. The section also
addresses limitations of this study, discusses areas of uncertainty based on sensitivity analysis, and

suggests areas of further research into this and other policy mechanisms to address net metering concerns.

This report concludes with a summary of findings and a critique of limitations for policy transferability:

® In summary, the estimated 25-year levelized VOS tariff for the Southern California Edison Sub-
region of 15.7¢ per kWh provides less incentive for solar owners and more utility cost recovery.

® The average prospective rooftop solar customer would lose around $200 per year relative to net
metering; larger customers around $700 per year.

® In order for a similar VOS policy to be viable in a variety of jurisdictions, a number of factors
would need to be addressed, including: renewable energy credits and portfolio standards, incurred
environmental cost valuation, and rate uncertainty impact on solar development activity.
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INTRODUCTION

The expanding role of distributed generation in the U.S. electricity system raises significant questions
about how to compensate on-site resources versus traditional infrastructure for the electricity produced
and the full suite of services that they provide to the grid. Many states have adopted rules referred to as
“net metering” whereby customers with behind-the-meter generation receive a fixed rate credit toward
their current or future electricity bills for the energy they produce (DSIRE). This approach is the source
of considerable controversy. Supporters maintain that net metering is the most straightforward way of
compensating behind-the-meter generation while providing a healthy incentive for the further expansion
of distributed resources. Opponents argue that customers with generation assets fail to pay for the
reliability benefits provided by the grid, which increases the cost burden on traditional customers and

creates cross-subsidization issues (“The Net Metering Debate”™).

In 2013, the State of Minnesota passed legislation tasking the Department of Commerce with creating a
new methodology for calculating a “Value of Solar” (VOS) tariff, which could be used by utilities as an
alternative to traditional net metering. Customers with generation assets would be compensated at the
VOS rate for all the electricity they generate, and pay their utility the retail rate for all the electricity they
consume, thereby negating any concerns that these customers are receiving grid services for free. The
Minnesota methodology attempts to value the various benefits and costs associated with integrating

distributed solar into the electricity grid (MN Dept. Commerce).

Our analysis applies the methodology outlined by the Minnesota Department of Commerce used to
calculate the VOS tariff in Minnesota to the Southern California Edison (SCE) sub-region in California,
modifying inputs and assumptions, as appropriate when necessary data was not publically available.
The purpose of this analysis is to demonstrate how the VOS approach could inform the debate over net
metering and the value of distributed solar power when applied in diverse settings, and the resulting
impact on stakeholders. This study will provide a brief background on net metering and VOS tariffs,
outline the methods of analysis, describe the results and observations, and discuss shortcomings and

opportunities for further research in this quickly evolving area in modern energy policy.



Background on Net Metering

Definition & Prevalence

Net metering is a rate structure whereby customers that generate electricity onsite receive credit against
their utility bill for each kilowatt-hour (kWh) they generate. Generally, onsite generation is credited at the
rate that customers would otherwise pay for their electricity (i.e. the retail rate). Therefore, net metering

bills can generally be calculated as follows:

Bill = (kWh Consumed — kW h Generated) * Retal Rate

As illustrated in Figure 1 below, 43 states and the Washington, DC have adopted some form of net

metering policy.

. State policy
. Voluntary utility program(s) only

Source: Database of State Incentives for Renewables & Efficiency (DSIRE)

Figure 1. Net Metering Policies by State

Net metering rules differ from state to state. Common differences include:
¢ (Capacity limits on systems that qualify;
¢ Ifor how customers are compensated for net excess generation; and
* Ownership of environmental attributes associated with renewable generation (i.e. renewable

energy credits).



Opposition to Net Metering

With the expansion of distributed generation, particularly solar photovoltaic (PV) in recent years, the
opposition to net metering policies has also increased. The pushback over this widespread policy
generally stems from the belief that net metering customers receive benefits from the grid that are not
recognized when they receive credit at the full retail rate. Remaining connected to the grid ensures
reliability for owners of distributed PV system owners. By “netting” out their usage, customers are

essentially treating the grid as battery at no additional cost.

Opponents argue that failing to accurately recognize the benefits that net metering customers receive from
the grid could spur a “death spiral” for utilities. The process of a utility death spiral caused by net
metering can be summarized as follows:

1. Net metering customers receive credit at a rate that is higher than what it costs to supply them
with electricity. Specifically, these customers fail to offset some or all of the fixed costs of
service incurred by the utility.

2. Utility earns less revenue than expected, failing to fully recover costs plus acceptable rate of
return.

3. Utility seeks higher rates to compensate for under-recovery.

4. Higher rates increase the incentive for customers to install distributed generation leading to more
net metered customers.

Opponents argue that if this cycle continues, it could eventually result in serious financial hardship for
affected utilities. Struggling utilities could, in turn, jeopardize the reliability and affordability of the

electric grid.

In addition to utilities, some consumer advocate groups also oppose net metering due to concerns that
through the cycle described above more costs would shift to non-net metering customers. Since net
metering customers are generally assumed to be of relatively high socioeconomic status, costs would be

shifted onto low-income consumers.



Net Metering Challenges

Due to the issues described above, challenges to traditional net metering policies have arisen in a variety

of states. Figure 2 illustrates the states were net metering is being challenged in some form.

. Net Metering Battleground State

Source: Institute for Local Self-Reliance (ISLR)

Figure 2. Challenges to Net Metering by State

The discussion below reviews the regulatory activity surrounding net metering in select states.

California

California has had some form of net metering in place for 20 years (“Net Energy Metering”) and has seen
the highest rate of rooftop solar market growth in the United States (SEIA/GTM Research 8). This rapid
growth has been met with increasing scrutiny, and concerns about the policy’s long-term sustainability for
the electricity system (“The Net Metering Debate™). The state has seen recent legislative action regarding
fixed customer charges and the valuation of tariffs for solar generation. AB 327, passed in 2013, extends
Net Energy Metering (NEM) until mid-2017 but introduces several new rate recovery options for utilities.
Starting in 2018 utilities will be able to require time-of-use pricing or offer it as default. The bill also
authorized the [Utilities Commission] approval of a sliding scale customer fixed charge. The most recent
action — a California Public Utilities Commission order in 2014 — instituted a “public tool” for developing

a successor to existing NEM tariffs and addressing other related issues (NC Clean Energy Tech. Center).
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Hawaii

High electricity prices combined with ample solar irradiation and net metering have driven rapid solar
adoption on the islands (Hawaii State Energy Office 13). Hawaii leads the nation in installed PV capacity
per capita (SEIA). Hawaiian Electric Company in 2014 introduced a proposal for a new net metering
policy to take effect in 2017 that levies a $50-$60 monthly fixed fee on all customers, adds an monthly
fixed charge of $12-$16 for customers with net metering, and moves the rate received by customers for
excess generation from the retail rate (currently $0.30) to the wholesale rate (currently $0.16). The
Hawaiian Public Utilities Commission is simultaneously researching distributed generation policy options

(NC Clean Energy Tech. Center 14).

Value of Solar Background

Minnesota

Building on Austin’s experimental approach, Minnesota is the first state in the nation to institute a VOS
policy for distributed solar ratemaking. The footing for a policy change first took hold in 2012, when
solar proponents proposed a 10 percent solar carve-out for the states Renewable Portfolio Standard
(adopted 1.5%) and a feed-in-tariff including a VOS component and a declining production based
incentive. The production-based incentive was not adopted, but in 2014 the VOS tariff component was
adopted in a modified form. Key differences between proposed and adopted legislation listed in Table A6
(Farrell).

In accordance with the adopted legislation the Minnesota Department of Commerce, with the support of
Clean Power Research, developed the methodology for calculating the VOS, which is to be used by
utilities opting to apply the tariff in lieu of net metering. Under the rate structure customers with on-site
generation are charged at the applicable retail rate for their total consumption and receive credits at the
inflation-adjusted VOS rate for their solar system’s total electricity production. The purpose of this buy-
all, sell-all approach is that because customers with on-site generation are paying the retail rate and
receiving a rate based on an accurate calculation of the value provided by their system all fixed costs
incurred to serve the customer should be covered, negating any concerns regarding cross-subsidization

(MN Dept. Commerce).

Minnesota’s Value of Solar tariff works much like the existing net metering rate structure, except that the

tariff is determined independently of the retail rate and it includes the utility costs offset by the solar

10



resource as well as avoided societal costs of environmental pollutants. Avoided utility costs include
energy and its delivery, generation capacity, transmission capacity, and transmission and distribution line
losses. A list of key differences between the incumbent net metering policy and the value of solar tariff

can be found in Table 1(Farrell 6).

Table 1. Difference between Value of Solar and Net Metering

‘ Net Metering ‘ Value of Solar ‘
Customer earns bill credits Customer earns bill credits
Credit value equal to retail rate of electricity Credit value equal to the value of solar rate
Credit value fluctuates with retail price Value fixed by a 25 year contract

Solar production cannot exceed 120% of on-site Solar production cannot exceed 120% of on-site
annual consumption annual consumption

Net excess generation paid at retail rate (avoided

cost for > 1MW) Net excess generation forfeit to utility

Why California?

The decision regarding which state to focus on for the application of Minnesota’s methodology was
influenced by three factors that signaled the likelihood of an interesting and useful investigation: (1)
prevalence of rooftop solar, (2) net metering currently in place and controversy over the existing policy,
and (3) data availability. The rationale for choosing a comparison location with high prevalence of
rooftop solar is that this study can serve to test whether this policy, designed and implemented in place
with relatively low solar penetration, is transferrable to, and applicable in other places with more solar.
Regarding net metering existence and controversy, this factor allows an investigation into whether the
policy could serve as a viable policy option in a place where active conversations on the topic are
occurring. Lastly, California has good publically available data on load and solar generation, as well as
regulatory filings and previous studies estimating non-publically available utility-specific assumptions.

Due to the confluence of these factors, we chose Southern California Edison as the focus of this study.

METHODS & APPLICATION

To calculate the value of solar for Southern California using the Minnesota methodology data were
collected, certain parameters — indicated in the following section — were estimated, and each component
of the VOS was calculated in accordance with the methodology document. The components, indicated in

Table 2 below, are first computed in terms of their full economic value and adjusted by the effective load
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carrying capacity (ELCC), peak load reduction (PLR), and distributed loss savings (DLS) to capture the
characteristics of distributed PV and produce each component’s distributed value. The sum of these
characteristic-adjusted figures is then summed to generate a levelized VOS rate. Finally, the levelized rate
is adjusted for inflation over the assumed system life (25 years), resulting in the VOS annual tariff (MN
Dept. Commerce)

Table 2. Value of Solar Components

Economic Load Match Distributed Distributed PV
25 Year Levelized Value Value (No Losses) Loss Savings Value
Avoided Fuel Cost E1 DLS-Energy V1
Avoided Plant O&M - Fixed E2 ELCC DLS-ELCC V2
Avoided Plant O&M - Variable E3 DLS-Energy V3
Avoided Generation Capacity Cost E4 ELCC DLS-ELCC V4
. Avoided Reserve Capacity Cost E5 ELCC DLS-ELCC V5
Avoided Transmission Capacity Cost E6 ELCC DLS-ELCC V6
Avoided Distribution Capacity Cost E7 PLR DLS-PLR V7
. Avoided Environmental Cost E8 DLS-Energy V8
Avoided Voltage Control Cost (Future Versions)
Solar Integration Cost (Future Versions)
Total Levelized VOS

To determine the potential impact of the policy on stakeholders, publically available data on Southern
California Edison’s customers was used to analyze the impact on several customer profiles and the
policy’s impact on the simple payback time for solar systems. These figures combined with data and
assumptions regarding rooftop solar developers contributed to an assessment of the impact on the value

proposition of the increasingly common third party power purchase agreement (PPA).

Value of Solar Components

Generally, each component of the VOS is calculated by solving for the rate — in dollars per kWh — that
sets the present value awarded for the component equal to the present value of the avoided costs. This

relationship is illustrated by the equation:

Z Present Value (Annual PV kWh * VOS Rate) = Z Present Value (Annual Avoided Costs)

This portion of the methods provides a brief overview of the approach and key factors involved in

calculating each component of the VOS rate.
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Avoided Fuel Costs

The VOS Methodology calculates the Avoided Fuel Cost using projected natural gas prices derived from
NYMEX futures contract prices. The key assumptions for calculating avoided fuel costs are: future
natural gas prices, SCE’s fuel price overhead, and the solar-weighted heat rate. Future natural gas prices
from the VOS Methodology were used (MN Dept. Commerce 14). These values can be found in Table
Al. For years beyond the time horizon provided, an escalation rate of 2.62% per year was used. This
figure was derived from the annual average CPI for all urban consumers from 1989 to 2014 (Bureau of
Labor Statistics). Figures from a study produced for the California Public Utilities Commission (CPUC)
were used for the solar-weighted heat rate and fuel price overhead (CPUC).

Based on the information described above, the Avoided Fuel Cost calculation yields a value of 6.2¢ per

kWh. Table B1 provides a chart detailing the Avoided Fuel Cost calculation.

Avoided Plant O&M — Fixed

Calculating the avoided fixed O&M costs relies on assumptions regarding annual maintenance costs as
well as the degradation of both PV systems and the heat rate of conventional resources. Maintenance
costs are escalated on an annual basis at a fixed percentage rate. This analysis uses values from a previous

CPUC report (CPUC).

The calculation of this component yielded a value of 1.0¢ per kWh. Table B2 illustrates the calculation of
the Avoided Plant O&M - Fixed.

Avoided Plant O&M — Variable

Variable O&M costs avoided due to distributed PV are calculated based on assumptions about the per
kWh costs incurred to operate conventional generation, excluding fuel costs. These costs are also
escalated on an annual basis at a fixed percentage rate. For this analysis, assumptions from a previous

report produced for the CPUC were used (CPUC).

The calculation of this component yields a result of 0.5¢ per kWh. Table B3 illustrates the calculation of
the Avoided Plant O&M — Variable.
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Avoided Generation Capacity Cost

This component, also referred to ‘solar-weighted capacity cost’ is calculated using the installed cost of the
marginal generator, which in the case of both Minnesota and California is assumed to be either a peaking
combustion turbine or a combined cycle gas turbine, dependent upon the solar-weighted heat rate and heat
rates of the typical plant. CPUC figures were used for the CT and EIA figures were used for the CCGT
(CPUC, EIA). The VOS is solved to be equivalent to the utility’s discounted generation capacity cost.
The calculation is as follows (MN Dept. Commerce 29).

Coster— Costecer

Cost = Cost + (HeatRatepy — HeatRate *
ccar + ( PV ccar) HeatRate.r — HeatRateccer

The calculation produces an economic VOS component tariff of 4.6¢ per kWh. Table B4 illustrates the
Avoided Generation Capacity Cost in detail.

Avoided Reserve Capacity Cost

Calculating Avoided Reserve Capacity Cost employs the same method as generation capacity cost, but

costs are adjusted for the reserve capacity margin.

The calculation results in a component value of 0.7¢ per kWh. Table B5 provides a chart detailing the

Avoided Reserve Capacity Cost calculation.

Avoided Transmission Capacity Cost

This component represents the offset or delayed investment in transmission investments due to distributed
PV. Avoided Transmission Capacity Cost is calculated in a similar fashion to the previous two
components, although no transmission degradation is included and figures are estimated using the utility’s
average cost over a 5 year period. The data for this calculation was obtained from a supplement to the

CPUC study (CPUC).

The Avoided Transmission Capacity Cost calculation yielded value of 1.1¢ per kWh. Table B6 provides

the calculation for Avoided Transmission Capacity Cost.
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Avoided Distribution Capacity Cost

This component represents the offset or delay of investment in distribution due to solar and can be
calculated as a ‘system-wide’ avoided cost or a location-specific avoided cost. Due to data limitations and
simplicity, this study was conducted using the system-wide method utilizing transmission investment
figures from SCE’s most recent rate case. ‘Net Additions’ is adjusted by a factor indicating the proportion
of the cost that is capacity related to produce the ‘deferrable’ costs due to solar. One major assumption in
this calculation is the capacity related adjustment factor. While unavailable for SCE, Xcel had included it

in its sample calculation of the component, so the average factor for Xcel was used for all costs.

The results of the Avoided Distribution Capacity Cost are in Table B7. The calculated value of this

component was 1.0¢ per kWh.

Avoided Environmental Cost

The Avoided Environmental Cost calculation relies on estimates of the societal costs of air emissions. For
CO,, the federal costs calculated by EPA were used (EPA). Cost estimates from the Minnesota PUC were
used for the following air pollutants: coarse particulate matter (PM-10), carbon monoxide (CO), nitrogen
oxides (NOx) and lead (Pb). These costs were adjusted on an annual basis to account for inflation. The
final costs used for this analysis can be found in Table A2. As for other sections of the methodology, the
marginal fuel both now and in the future is assumed to be natural gas. The assumed emission rates for

natural gas can be found in Table A3.

The value calculated for the Avoided Environmental Cost is 2.8¢ per kWh. Avoided Environmental Cost

calculations are found in Table BS.

Load Match Analysis

The VOS Methodology calls for calculating load match factors to determine how distributed PV
generation corresponds to a utility’s demand requirements. These factors are used to adjust several of the
VOS components described above to arrive at the final value for distributed PV. The load match analysis
is comprised of three distinct pieces:

* Effective Load Carrying Capacity (ELCC),

* Peak Load Reduction (PLR)

* Loss Savings Analysis

15



Calculating the load match factors requires the following data for each hour of the selected Load Analysis
Period (Minnesota Department of Commerce):
* Hourly Generation Load — Total generation and imports required to satisfy the utility’s customer
load.
* Hourly Distribution Load — Energy that arrives to the utility’s distribution system (i.e. Hourly
Generation Load less losses over the transmission system).
* Hourly PV Fleet Production — Total generation from PV systems across the utility’s service
territory.
Except for Hourly Generation Load, these data series are not readily available from public sources.

Therefore, hourly data were approximated or simulated using the methods described below.

SCE Hourly Data

The data sources and process used to approximate the hourly data required to conduct the load match

analysis for SCE is described below.

Load Analysis Period

As described by Table 3 below, the selected Load Analysis Period for estimating the VOS for SCE’s
territory runs from 2012 through 2014.

Table 3. SCE Load Analysis Period

Start Date End Date
01/01/2012 12/31/2014

Hourly Generation Load

The California Independent System Operator (CAISO) provides hourly load data for four transmission
access charge (TAC) areas within California, including one designated as SCE, through its Open Access
Same-time Information System (OASIS). The data for the SCE TAC area may include load served by the
Los Angeles Department of Water and Power (LADWP) and some smaller municipal or cooperative

utilities.
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However, SCE comprises the largest utility within this area. Given the lack of other available sources,

OASIS data were assumed to provide a reasonable estimate of the total energy provided to meet load in

SCE’s service territory. OASIS data for SCE’s Total Actual Hourly Integrated Load were used for the

Hourly Generation Load (CAISO).

Hourly Distribution Load

TAC-Ievel load from OASIS indicates the amount of electricity provided to the area to meet load (i.e.

wholesale electricity). Hourly data on energy that arrives at the distribution system (total energy provided

less transmission losses) are not available. In order to approximate Hourly Distribution Load, time-of-use

energy loss factors were used to adjust Hourly Generation Load.

SCE’s time-of-use loss factors are provided in Table 4 below (California Energy Commission).

Table 4. SCE Time-of-Use Energy Loss Factors (Cumulative)

Time-of-Use

Cumulative Loss Factors

Season . . . . .
Period Transmission Subtransmission Primary Secondary
Winter All 1.01666 1.02678 1.05471 1.07817
Winter Shoulder 1.01730 1.02804 1.05829 1.08156
Winter Off-Peak 1.01613 1.02594 1.05202 1.07547
Summer All 1.01777 1.02855 1.06023 1.08440
Summer Peak 1.01885 1.03065 1.06664 1.09029
Summer Shoulder 1.01816 1.02946 1.06282 1.08641
Summer Off-Peak 1.01701 1.02733 1.05624 1.08042
Note: Each factor corresponds to losses at a given point along the transmission and distribution system. Subtransmission refers to
lower voltage portions of the transmission system. Primary and secondary refer two levels of the distribution system with primary
distribution having higher voltage than secondary. Loss factors are cumulative, which means that losses any point include losses
incurred upstream (i.e. closer to generators).

Dividing Hourly Generation Load by the appropriate subtransmission loss factor provides an estimate of

Hourly Distribution Load as described in the equation below:

Hourly Distribution Load =

Hourly PV Fleet Production

Hourly Generation Load

Appropriate Subtransmission Loss Factor

Hourly generation from distributed PV systems within SCE’s service territory are not publicly available.

CAISO provides actual hourly solar generation for the ISO’s three major trading hubs: NP15, ZP26, and

SP15. The SP15 corresponds best with SCE’s service territory. However, these generation data mainly
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reflect output from large, utility-scale installations and include solar thermal as well as PV. Furthermore,
the VOS Methodology requires that generation be matched with PV capacity on an hourly basis to
determine the Marginal PV Resource Shape, which is the assumed hourly production of 1IkW-AC of new
PV capacity.

The VOS Methodology allows for utilities to simulate production using meteorological data and location
information regarding currently installed systems. System-level data for most distributed PV in California
are available through the California Solar Initiative (CSI). CSI data from SCE’s service territory were
analyzed to develop weighted average system characteristics (i.e. azimuth and tilt) for the six counties
with the greatest amount of installed PV capacity. The results of this analysis are found in Table 5 below

(California Solar Initiative).

Table 5. County-Level Statistics for PV in SCE's Service Territory

Fi::;amty (kW) % of thal % of Mod_eled Wenlghted Averag.;e (°)

Titt Total Capacity Capacity Azimuth Tilt
Los Angeles 107,965 | 110,135 27.05% 29.31% 187 19
Orange 56,193 56,211 14.08% 15.26% 188 19
Riverside 96,250 | 100,206 24 11% 26.13% 188 19
San Bernardino 64,588 66,893 16.18% 17.53% 188 19
Tulare 14,973 16,973 3.75% 4.06% 188 21
Ventura 28,379 29,366 711% 7.70% 185 19
SCE Territory 386,719 | 399,176 96.88% N/A 187 19
Modeled Capacity 368,348 | 368,348 92.28% 100.00% 187 19

Source: Analysis, (California Solar Initiative)

Using the statistics illustrated above, hourly generation was modeled for each county using the National
Renewable Energy Laboratory’s PV Watts Calculator (NREL). For each county in Table 5, a site was
selected from the available Typical Meteorological Year Version 3 (TMY3) locations. Selected locations
were generally those located closest to each county’s largest population centers. Specific TMY sites for

each county can be found in Table AS.

The VOS Methodology specifically says that TMY data are not acceptable for simulating Hourly PV
Fleet Production because these data do not align with real weather conditions experienced over the Load
Analysis Period (MN Dept. Commerce). However, given the lack of other available meteorological,

estimates using TMY data from PV Watts were deemed satisfactory for this project.
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Effective Load Carrying Capacity

Effective Load Carrying Capacity (ELCC) is a metric that captures to what degree a generating resource
contributes to meeting a grid’s capacity requirements. ELCC and similar concepts are generally applied to
intermittent resources to determine what percentage of their installed capacity to credit. In the VOS
Methodology, the ELCC is used to adjust the calculated economic value of the following components to
reflect the intermittency of the PV resource:

* Avoided Generation Capacity Cost,

* Avoided Reserve Capacity Cost,

¢ Avoided Plant O&M — Fixed, and

* Avoided Transmission Capacity Cost.
The ELCC is calculated in accordance with the methodology prescribed by Midcontinent Independent
System Operator (MISO). Specifically, the ELCC is the average Marginal PV Resource Shape over the
calculation period. As illustrated in Table 6, the ELCC calculation period in the original VOS
Methodology runs from June through August for the hours of 2:00 PM through 4:00 PM.

Table 6. ELCC Calculation Period for MISO

Months June August
Hours Ending 2:00 PM 4:00 PM

CAISO is developing its own process for calculating ELCC, which is more complex than MISO’s current
methodology. While the CAISO-approved methodology for calculating ELCC has not been finalized,
using the MISO’s exact approach was not deemed appropriate. Therefore, in recognition of the
differences between the CAISO and MISO grids, the ELCC calculation period was adjusted for this
analysis. Table 7 describes ELCC calculation period, which was adjusted to reflect peak season and hours

for SCE (California Energy Commission).

Table 7. Adjusted ELCC Calculation Period for SCE Analysis

Months June August
Hours Ending 2:00 PM 4:00 PM

Using the adjusted calculation period, the ELCC for distributed PV in SCE’s service territory was
determined to be approximately 65%. Figure 3 illustrates the ELCC calculation.
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Figure 3. ELCC for Distributed PV in SCE's Service Territory
Peak Load Reduction

The Peak Load Reduction (PLR) represents the effectiveness of distributed PV in reducing the maximum
load experienced by the utility. PLR is used to adjust the Avoided Distribution Capacity Cost component
of the VOS.

As illustrated by the equation below, PLR is calculated as the actual peak load over the Load Analysis

Period minus what the peak load would have been with the Marginal PV Resource in place:

PLR = Peak LoadActual — Peak Loadwith Marginal PV Resource

Since the Marginal PV Resource Shape is expressed in kW per kW-AC, the resulting PLR is a

percentage.



Loss Savings Analysis

The Loss Savings Analysis accounts for the fact that distributed PV avoids losses that occur in the
transmission and distribution of electricity from centralized generating stations. This analysis builds off
the Load Match Analysis and likewise requires hourly data. As discussed in the SCE Hourly Data section
above, hourly data on electrical losses are not generally available. Therefore, the time-of-use (TOU) loss

factors referenced in Table 8 were used to approximate hourly losses.

The VOS Methodology calls for calculating three separate Loss Savings Factors, which apply to different
VOS components. Table 8 describes the three Loss Savings Factors, which losses were considered, and

which TOU loss factors were used to estimate hourly loss savings.

Table 8. Description of Loss Savings Factors

Loss Savings Factor Savings Considered TOU Loss Factor Used
Energy Transmission and distribution losses Secondary

ELCC Transmission and distribution losses Secondary

PLR Distribution losses Secondary - Subtransmission

Note: The loss factors referenced in Table 4 are cumulative. Therefore, there is no specific loss factor that only considers
distribution losses as required for the PLR analysis. A distribution loss factor was created by backing out transmission losses
from the “Secondary” loss factor.

Hourly electrical losses were estimated by multiplying the Marginal PV Resource Shape by the
appropriate TOU loss factor. In order words, the Energy and ELCC Loss Savings Factors model the
losses that would have occurred if the solar were generated at distant centralized plant. The PLR Savings

Factor models losses as if the PV resource were interconnected at the start of the distribution system.

Inflation-Adjusted VOS Rate

Once the levelized VOS rate is calculated by summing the results of each component, the annual
inflation-adjusted VOS rate is calculated. The inflation-adjusted rate is what distributed PV owners
actually receive. The inflation-adjusted rate is calculated using the utility’s cost of capital and the

assumed rate of inflation.

See Table B9 for the detailed calculation of the inflation-adjusted VOS.
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Impact Assessments

After calculating the VOS for SCE’s service territory, additional analysis was conducted to quantify the
impact of the VOS on solar ownership and development. Three separate impact assessments were
conducted to answer the following questions:
* Average Bill Impacts — How would the average bill of PV customers differ under VOS compared
with NEM?
* Payback Period — How would the payback period change for customers that own their PV
system?
¢ Third Party Power Purchase Agreement Analysis — How would a VOS rate affect customers that
sign power purchase agreements (PPAs) with developers? Would the VOS tariff significantly
affect the business model of developers that rely on the PPA model?

Average Bill Impacts

The electricity bill impact was calculated for the average customer (in terms of load, price paid and
system size) and two other customer profiles: high-use customer and an ‘oversized system’ customer, to
determine how the VOS compares to net metering irrespective of installation costs, financing or contracts.
The average load shape for SCE’s service territory was used for each customer profile to determine the
monthly proportion of electricity consumed at each rate tier. Table 6 describes the three customer profiles

assessed.

Table 9. Customer Profiles

Characteristic Average Customer gllirt‘::ns:r Ove;:slljzstingthem
Consumption (kWh/year) 6,873 10,310 6,873
System Size (kW-DC) 4 kW 6 kW 5kwW
Average Price Paid w/o Solar (¢) 17.4 214 17.4

Cash Flow Analysis

In order to assess the true impact on consumers and developers, a cash flow model was created to account
for expenditures, tax credits, and bill savings over the life of the PV system. A review of the key

assumptions about the PV system and customer is provided in Table 9.
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Table 10. Key Assumptions for Cash Flow Analysis

Input Assumption

System Size (kW-DC) 4 kW
DC-to-AC Derate Factor 1.38
AC Capacity Factor (%) 24.75%
Year-1 Production (kWh AC) 6,285 kWh
Annual Degradation (%) 0.50%
Installation Cost ($/kW-DC) 2,860
Annual Demand (kWh) 6,873 kWh
Discount Rate (%) 5.00%

While the assumptions described above are believed to be reasonable, they are intended to be
representative and are not specifically tied to any particular source. There are two primary outputs from
this cash flow analysis, both of which are view from the perspective of a customer that owns his or her
PV system:

* Net present value (NPV), and

* Payback period.
While NPV is the best rule for determining if an investment is worthwhile, payback period provides a
simpler means of evaluating the impact of the calculated VOS rate to NEM on systems owned by the
customer. The impact of the decline in the Federal Investment Tax Credit (ITC) from the current level of

30% to 10% was also considered.

Third Party PPA Analysis

Most recent distributed PV development in California has been fueled by the expansion of the third party
power purchase agreement (PPA) lease business model. Under this model, a developer will install a PV
system on a customer’s property at no cost. The customer purchases all the generation from the system at
a specific PPA rate that is lower than the current retail rate. Each year, the PPA rate increase by a

predetermined percentage.

A cash flow model for the PPA developer and customer was created using the cost and system
specification information found in Table 10. Additional assumptions used in this cash flow analysis are
found in Table 11below. The NEM assumptions are based on sample residential PPA contract from

SolarCity (SolarCity).
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Table 11. Key Assumptions for PPA Analysis

Assumption

NEM Assumptions

VOS Assumptions

Customer Upfront Cost $0 $0
Starting PPA Rate 15¢/kWh 13¢/kWh
Starting Credit Rate 16.5¢/kWh 13¢/kWh
PPA Discount from Credit Rate 1.5¢ 0¢
Annual PPA Rate Increase 2.00% 2.61%
Annual Residential Rate Increase 1.00% 1.00%
Lease Term 20 years 20 years
Customer Discount Rate 5.00% 5.00%
Note: The annual PPA rate increase under VOS is the same rate of increase as the inflation-adjusted VOS rate.

The outputs of the PPA analysis are comparisons between the net present value (NPV) for the customer

and the internal rate of return (IRR) for the developer under the two crediting regimes.

RESULTS & OBSERVATIONS

VOS Calculation Results

By employing the methods described above, the final levelized VOS tariff for SCE’s service territory was
estimated to be 15.7¢ per kWh. The computed economic and distributed values for each VOS component
can be found in Table 12.
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Figure 4 provides a graphical representation of the levelized value of each VOS component. The
inflation-adjusted VOS rate is shown in Figure 5, along with the levelized VOS rate and the projected

retail rate.

Table 12. Levelized VOS Rate Calculation

Economic Load Match Distributed Distributed PV
25 Year Levelized Value Value (No Losses) Loss Savings Value

Avoided Fuel Cost 0.062 8% 0.067
Avoided Plant O&M - Fixed 0.010 65% 9% 0.007
Avoided Plant O&M - Variable 0.005 8% 0.005
Avoided Generation Capacity Cost 0.046 65% 9% 0.033
. Avoided Reserve Capacity Cost 0.007 65% 9% 0.005
Avoided Transmission Capacity Cost 0.011 65% 9% 0.008
Avoided Distribution Capacity Cost 0.010 25% 6% 0.003
Avoided Environmental Cost 0.028 8% 0.031
Avoided Voltage Control Cost (Future Versions)
Solar Integration Cost (Future Versions)
Total 0.178 0.157
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Figure 4. Breakdown of VOS Rate by Component
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Figure 5. Comparison of Levelized and Inflation-Adjusted VOS with Projected Retail Rate

Annual Bill Impacts

The annual bill impact for various customer types was analyzed as described in the methods. The

characteristics of each customer type analyzed are summarized in Table 13.

Table 13. Annual Bill Impacts by Customer Type

Characteristic

Average Customer

High-Use
Customer

Oversized System
Customer

Average Price Paid w/o Solar (¢) 17.4 214 17.4
Average Price Paid w/ Solar (¢) 13.4 13.4 0
NEM Savings 1,154.02 2,095.19 1,197.25
VOS Savings 938.83 1,483.53 1,173.54
VOS vs NEM (215.19) (611.66) (23.71)

The average customer would lose an estimated $200 per year relative to net metering, but would still have

a substantially lower electricity bill than with no solar at all. See Figure 6 below.
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Figure 6. Annual Bill Impact for Average Customer

A high-electricity-use customer would lose an estimated $750 per year relative to net metering, but would

still have a substantially lower electricity bill than with no solar at all. See Figure 7 below.
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Figure 7. Annual Bill Impact for High-Use Customer
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A customer with an oversized system would be relatively unaffected, paying $24 more relative to net

metering. See Figure 8 below.
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Figure 8. Annual Bill Impact for Oversized System Customer

Based on this analysis it is apparent that many potential solar customers could face higher costs under a
VOS tariff relative to net metering. Customers could address this by increasing the system size slightly,

but the viability of this option would depend upon if the savings from oversizing outweighed the cost.
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Cash Flow Analysis

The results of the cash flow analysis can be found in Figure 9 and Figure 10. Specifically, Figure 9
provides the NPV comparison for a customer-owned system. As illustrated in the figure, a customer that
owns his or her system stands to lose nearly $2,500 in NPV if the VOS rate calculated in this analysis

were implemented in SCE’s territory.

Customer NPV for Owned System
4,000 -

$3,358

3,500 -
3,000 -
2,500 -
2,000 -
1,500 -

917
1,000 - $

NPV Bill Savings ($ @ 5%)

500 -

NEM VOS

Figure 9. NPV Comparison for Customer Owned System between NEM and VOS Crediting

Figure 10 illustrates the difference in both the simple and discounted payback period under VOS and
NEM for a system that is fully owned by the customer. A case with a 10% ITC was also considered.
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Figure 10. Payback Period Comparison between VOS and NEM Crediting

Under the current 30% ITC structure, the VOS rate calculated in this analysis would increase the simple
payback period would by three years from nine to 12. The discounted payback period would increase

from 13 to 18 years.

A 10% ITC structure increases the NEM simple and discounted payback periods to 12 and 17 years,
respectively. Using the VOS rate in this analysis would further extend the simple and discounted
paybacks to 15 and 25 years, respectively.

Third Party PPA Analysis

Figure 11 compares the estimated NPV benefits for a customer that signs a solar PPA contract under the

current NEM regime and using the VOS rate calculated for this analysis.
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Figure 11. NPV Comparison for PPA Customer

Using the assumptions previously described, the PPA customer would lose approximately $180 in NPV
under the calculated VOS rate as compared with NEM. Since the VOS is lower than the NEM rate, it is
not surprising that a PPA customer would receive less benefit from this structure even given considerable

adjustments to the business model.

The impacts of the VOS rate on NPV and IRR for the developer of PPA projects is found are found in
Figure 12.

32



Unlevered IRR

12% ~
10.0%

'\;10% 1
< 8.4%
=
2 8%
2
o 6% -
T
(14
® 4%
£
3
£ 9o -

0% - -

NEM VOS

Figure 12. Unlevered IRR Comparison for PPA Developer

Both the customer and developer would be worse off financially if the VOS rate calculated for this

analysis were used for crediting PV rather than NEM.

DISCUSSION

Implications

The implications of applying a Minnesota-style VOS rate to Southern California follow directly from the
assessments described above. As the value captured by the owners of distributed PV systems — or PPA
developers and customers — decreases, the benefits transfer to the utility. Specifically, the utility should
receive higher revenues and avoid potential issues related to under-recovery through rates. By association,
non-solar customers are likely to see fewer rate increases over time. Table 14 summarizes these general

stakeholder impacts.
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Table 14. Implied Impacts of VOS on Stakeholders in Southern California

General Impact

Stakeholder (Positive - #, Negative - ¥, No Change - m)

.

New Solar Customers

Utility

Solar Developers

»| @9

Non-solar Customers

Existing Solar Customers

Note: Since the VOS generally only applies to new customers, existing
customers would not be affected.

On the surface, it appears that SCE should support a VOS-style approach. However, this simplifies the
issue greatly. Generally, California takes a more nuance approach to regulation, especially when

considering the potential impact of preferred resources, like distributed PV.

Uncertainty Surrounding VOS Calculation

Given that this analysis relies on publicly available data to estimate many parameters that are proprietary
or only known to SCE, there is significant uncertainty surrounding the final VOS rate. Naturally, if the
VOS were to change the impact assessments would also change. This section discusses some of the major

sources of uncertainty and conducts a sensitivity analysis to consider the impact of this uncertainty.

Sources of Uncertainty

As discussed in the Load Match Analysis section above, the actual hourly data required to calculate the
VOS rate are not generally publicly available. Therefore, a variety of techniques were used to
approximate the needed data. Specifically, the following hourly data were estimated as previously
discussed:

¢ Hourly Distribution Load,

* Hourly PV Fleet Shape, and

* Hourly transmission and distribution losses.
Cost data specific to SCE was also difficult to obtain. Some of the critical cost assumptions that could not

be directly estimated for this analysis are as followings:
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* Cost of new generating capacity,
*  Fuel price overhead,
* Transmission capital costs, and
* Distribution capital costs.
Once again, similar figures had been estimated for previous studies conducted by the CPUC. These cost

estimates were used for a variety of assumptions in this analysis (CPUC).

Sensitivity Analysis

In order to assess the impact of the uncertainties discussed above, a sensitivity analysis was conducted.
Specifically, the impact of 10% increase or decrease in all major assumptions on the VOS rate was

modeled. The results of this analysis are presented in Figure 13 below.

VOS Rate ($/kWh)
0.150 0.153 0.156 0.159 0.162 0.165

Discount Rate (WACC)
ELCC (No Loss)

PLR (No Loss)

Loss Savings - Energy
Loss Savings - PLR

Loss Savings - ELCC
Year-1 Annual Energy
Capacity-Related Trans Capital Costs
Installed Cost

Heat Rate

Installed Cost

Heat Rate

Solar-weighted Heat Rate
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Generation Life
Heat Rate Degredation
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O&M Cost (Year-1) - Fixed
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O&M Cost Escalation Rate
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Capacity-Related Dist Capital Cost
Distribution Capital Cost Escalation
Peak Load

Peak Load Growth Rate

Figure 13. Sensitivity VOS to Utility-Specific Assumptions
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Based on the sensitivity analysis, changes in a number of assumptions could result in a significantly
different VOS rate. The impact of a 10% change in the top five most important assumptions range from

about 4% to about 1% on the final VOS rate.

Further Research

Given the depth and complexity of the issue of distributed energy resource compensation and the
limitations of this study there exist several areas of opportunity for further research on the topic.
Regarding Minnesota’s VOS, the differences between the “proposed” and “adopted” versions of the
policy outlined in Table A6 point to a number of issues that have the potential to shift the balance and
distribution of costs and benefits in the policy’s implementation and represent nuances that warrant
further exploration. A similar study carried out in conjunction with industry partners or trade groups
could produce results and an assessment based on more precise inputs than those of this analysis. More
broadly, a study exploring this issue for a larger portion of California or for a different location or region
could produce very different results based on a number of factors and would certainly warrant research.
Any state or region considering implementing a VOS tariff would be well served to review Minnesota’s
methodology for potential issues and perhaps even attempt to calculate the VOS rates for utilities in the
state using this approach. Such preliminary policy review would allow states to avoid duplicative effort
and provide a sense of the impacts on relevant stakeholders before implementing a VOS of their own.
Learning from the efforts of other jurisdictions should improve VOS and help determine if it is a useful

tool for policymakers.

Furthermore, additional research could explore not only how VOS compares with net metering, but how a
number of policy mechanisms instituted to address the issues identified with net metering compare with
one another and how some of these policies might interact if instituted together in a particular jurisdiction.
The other policy mechanisms to be explored are as follows:

*  Time-of-Use Rates — compel customers to shift load to off-peak times to reduce system costs

*  Residential Demand Charges — compel customers to reduce their peak load to reduce costs

* [Increased Fixed Charges — shifts fixed costs from variable rate component to ensure recovery
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CONCLUSION

Review of Findings

In summary, the estimated 25-year levelized VOS tariff for the Southern California Edison Sub-region of
15.7¢ per kWh impacts the range of stakeholders considered in different ways. In general, the
implementation of the VOS tariff would reduce payments to solar owners and developers delivering solar
power via third party PPAs, reducing bill savings, increasing payback time, and decreasing returns.
Conversely, the additional revenue collected by the utility would mean less upward pressure on rates for

those ratepayers without the opportunity to deploy rooftop solar, potentially preventing rate increases.

Specifically, the average potential rooftop solar customer would lose around $200 per year relative to net
metering and larger customers would lose around $700 per year. The simple payback period of the
average system would increase 6 years, while the discounted payback would increase more than 10 years.

All else equal deployment of rooftop solar would undoubtedly be slowed or stalled by such a policy.

VOS Policy Shortcomings

While the VOS Methodology stipulates detailed calculations for quantifying the value distributed PV,
there are a number of policy issues with the Methodology. If other states seek to adopt similar approaches

to addressing distributed generation, they will likely need to address several policy issues that may arise.

RPS Compliance Costs and RECs

Currently, the VOS Methodology does not account for the any RPS compliance costs that the utility
avoids due to distributed PV. Failing to account for this avoided cost is not necessarily an issue, except
that under the VOS rules grant the environmental attributes associated with distributed PV to the utility
(Farrell). Therefore, the utility earns renewable energy credits (RECs) and receives credit toward RPS

targets without explicitly compensating customers for any avoided regulatory compliance costs.
Since there is no market for solar RECs (SRECs) in either Minnesota or California, this policy decision is

not relevant necessarily for this analysis. However, SRECs constitute a major incentive for PV in a

number of states with recent prices over $100 per MWh in several jurisdictions (See Table A7).
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Environmental Costs

Another potential issue with Minnesota’s VOS Methodology is the way it calculates the Avoided
Environmental Cost component. This component values avoided emissions associated with distributed
PV generation at their societal costs. While the societal costs may be a more accurate reflection of the
value of reduced emissions, they are generally considerably higher than prices actually paid by utilities to
meet emission compliance requirements. For jurisdictions that have cap-and-trade programs, such as
California, project market prices for CO, would better reflect the actual costs incurred by utilities for these

externalities.

Uncertainty about Future VOS Rates

Under Minnesota law, the VOS rate can be recalculated every year (Minnesota Department of Commerce
p. 6). Intuitively, updating the VOS makes sense as the calculated value would change as deployment
expands and other grid characteristics shift. However, frequently recalculating the VOS could create
greater uncertainty for the development of distributed PV resources. Renewable energy developers rely on
certainty to acquire financing and convey their value proposition for new customers. Uncertainty
regarding incentives has been shown to have significant impacts on the rate of renewables development at
varying scales. The most prominent examples have been the sharp declines in wind capacity installations
during years when the federal production tax credit (PTC) expires. Similar impacts have occurred in states
with SREC programs once capacity is sufficient to meet the solar carve-out. Over time, as the upfront
capital costs of solar continue to decrease and other incentives sunset, bills savings will become more and
more important for justifying the value of distributed PV. Therefore, the annual recalculation of prove to

be a more significant issue in Minnesota as distributed PV and the VOS policy mature.
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APPENDIX A. MODEL INPUTS AND BACKGROUND

Table Al. Estimated Annual Future Natural Gas Prices

Year $/MMBtu

2014 $3.93
2015 $4.12
2016 $4.25
2017 $4.36
2018 $4.50
2019 $4.73
2020 $5.01
2021 $5.33
2022 $5.67
2023 $6.02
2024 $6.39
2025 $6.77
Fuel Escalation Rate 2.62%
Source: MN Dept. Commerce
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Table A2. Environmental Externality Costs by Year

Vear Analysis $/MMBtu
Year CO;, PM10 co NOx Pb Total Cost

2015 0 2.242 0.000 0.001 0.002 0.000 2.245
2016 1 2.363 0.000 0.001 0.002 0.000 2.366
2017 2 2.489 0.000 0.001 0.002 0.000 2.492
2018 3 2.619 0.000 0.001 0.002 0.000 2.622
2019 4 2.822 0.000 0.001 0.002 0.000 2.826
2020 5 2.965 0.000 0.001 0.002 0.000 2.969
2021 6 3.043 0.000 0.001 0.002 0.000 3.047
2022 7 3.195 0.000 0.001 0.003 0.000 3.199
2023 8 3.354 0.000 0.001 0.003 0.000 3.358
2024 9 3.518 0.000 0.001 0.003 0.000 3.522
2025 10 3.689 0.000 0.001 0.003 0.000 3.693
2026 11 3.866 0.000 0.001 0.003 0.000 3.870
2027 12 4.050 0.000 0.001 0.003 0.000 4.055
2028 13 4.241 0.000 0.001 0.003 0.000 4.246
2029 14 4.439 0.000 0.002 0.003 0.000 4.444
2030 15 4.644 0.000 0.002 0.004 0.000 4.650
2031 16 4.766 0.000 0.002 0.004 0.000 4772
2032 17 4.985 0.000 0.002 0.004 0.000 4.991
2033 18 5.212 0.000 0.002 0.004 0.000 5.218
2034 19 5.448 0.000 0.002 0.004 0.000 5.454
2035 20 5.692 0.000 0.002 0.004 0.000 5.699
2036 21 5.946 0.000 0.002 0.005 0.000 5.953
2037 22 6.209 0.000 0.002 0.005 0.000 6.216
2038 23 6.481 0.000 0.002 0.005 0.000 6.489
2039 24 6.764 0.000 0.002 0.005 0.000 6.772

Source: EPA, MN Dept. Commerce

Note: Annual externality costs are recalculated for the purposes of this analysis to account for analysis

year and inflation rate changes.
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Table A3. Natural Gas Emission Rates

Pollutant Emission Rate (Ib/MMBtu)
PM10 0.007
CO 0.040
NOXx 0.092
Pb 0.000
CO2 117.000
Source: MN Dept. Commerce

Table A4. OASIS Information for Hourly Generation Load Data

OASIS Field Description

Total Actual Hourly Integrated Load

XML Data Item
SYS FCST_ACT MW

Table AS. TMY3 Locations for Hourly PV Generation Modeling

County TMY3 Modeling Location
Los Angeles Jack Northrop Field
Orange Santa Ana John Wayne Airport
Riverside Riverside Municipal Airport

San Bernardino

March Air Force Base

Tulare

Visalia Municipal Airport

Ventura

Oxnard Airport

Table A6. Key VOS Provisions Revised During Rulemaking

Customer is paid for energy in a separate
transaction

Customer earns bill credits

Production is not limited by onsite consumption

Production cannot exceed 120% of annual on-site
consumption

Customer is paid for all energy production
regardless of on-site use

Net excess generation is forfeit to utility

Utility must offer value of solar, but customer may
choose between that and net metering

Utility chooses whether to adopt value of solar or
keep net metering

Solar customer retains SREC

Utility automatically obtains SREC with no

compensation to customer

Source: Farrell




Table A7. Recent SREC Prices by State

State SREC Price ($/MWh)

Maryland $135
Massachusetts $274
New Jersey $178
Ohio $30
Pennsylvania $35
Washington, DC $485
Source: SRECTrade.com, November 2014
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