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I. EXECUTIVE SUMMARY AND RECOMMENDATIONS1 

The purpose of this testimony is to illustrate how rate structures proposed by 2 

PG&E, SCE, and SDG&E would impact customer adoption of energy 3 

efficiency and on-site solar generation (collectively referred to herein as 4 

“energy upgrades”) by changing payback periods for these investments.  I 5 

conclude that the Utilities’ proposed tiered and time of use (“TOU”) rate 6 

designs would have severe negative consequences for State clean energy and 7 

climate goals by substantially reducing the economic value of investments in 8 

energy upgrades.  By degrading the energy savings value of clean energy 9 

investments, the Utility proposals would introduce a new barrier to market 10 

demand and undermine the value of existing projects.   11 

 12 

With regard to the Utilities’ proposed tiered rate structure, flattening the 13 

existing tiered rate structure to two tiers with a 20% tier differential functions 14 

to substantially decrease the overall economic incentive for customers to 15 

adopt energy upgrades.  This is because payback periods for customers with 16 

the shortest payback periods significantly increase under the proposed Utility 17 

tiered rates.  For example, customers who would currently recoup their initial 18 

investment in on-site solar generation in less than 10 years on PG&E’s current 19 

tiered rate would see their payback period increase by an average of 4.6 years.  20 

Expressed in terms of a “solar penalty,” this is equivalent to increasing the 21 

price of solar for these customers by $2.80/watt, which more than negates 22 

financial incentive provided by the federal Investment Tax Credit.    23 

 24 

Conversely, payback periods for customers with long payback periods under 25 

PG&E’s current tiered rate (lower-usage customers) would still remain long.  26 

The decrease in payback periods that would occur for these customers under 27 

the Utilities’ proposed rates are generally insufficient to make clean energy 28 

and energy efficiency investments economically attractive.  Accordingly, 29 

under the proposed Utility rates, much of the existing market for clean energy 30 
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and efficiency upgrades is lost and little is gained for low-usage customers 1 

facing higher rates in the lower tiers.   2 

 3 

Like the proposed tiered rates, the Utility proposed TOU rates substantially 4 

reduce economic incentives for adoption of energy upgrades.  This is due to 5 

the lack of a significant differential between TOU periods and the failure to 6 

incorporate a meaningful baseline credit into TOU design.   7 

  8 

 The Utilities’ proposed $10 fixed monthly customer charge amplifies the 9 

negative conservation impacts of the Utilities’ proposed tiered and TOU rate 10 

designs. A fixed charge reduces all customers’ incentive to invest in efficiency 11 

by reducing the amount of the monthly bill that can be avoided by 12 

conservation, efficiency upgrades, and investments in on-site solar.  For 13 

example, the proposed customer charge would increase the payback for on-14 

site solar generation for all customers in SCE territory by an average of 1.4 15 

years and the payback for air conditioning upgrades by 1.1 years.  16 

 17 

Policy-driven price signals (e.g. rate tiers/structure) are critical to building and 18 

maintaining a clean energy economy and reducing the need for carbon-19 

intensive generation.  In lieu of the Utility proposals, the Commission should 20 

adopt rate structures that continue to facilitate conservation and robust 21 

deployment of on-site solar generation and energy efficiency upgrades.  For 22 

tiered rates, I recommend a three-tiered rate design, with a 1:1.5:2.0 23 

differential.  This is substantially less than the existing tiered rate differential, 24 

but still sufficient to incentivize robust conservation outcomes.  For TOU 25 

rates, incorporation of a 10-cent baseline credit and a 1:1.5:2.0 off-peak, semi-26 

peak, peak period ratio could achieve some of the rate design goals desired 27 

with a TOU rate component and is more consistent with conservation 28 

outcomes.  I do not recommend inclusion of a fixed charge for either tiered or 29 

TOU rates.   30 

  31 
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II. INTRODUCTION AND PURPOSE OF TESTIMONY1 

Q. Please state your name, business address, and position.2 

A. Dr. James Barsimantov, Ph.D., Principal at EcoShift Consulting, LLC.  270 3 

 Canyon Oaks, Santa Cruz, CA, 95065 4 

 5 

Q. Please describe EcoShift Consulting, LLC. 6 

A. EcoShift Consulting is a consulting firm that specializes in research on 7 

energy, climate change and sustainability. We conduct research and develop 8 

analyses for organizations and institutions to help them understand the 9 

relationship between policies, initiatives and environmental performance. 10 

 11 

Q. Please summarize your work experience and educational background. 12 

A. I completed my Ph.D. in Environmental Studies at UC Santa Cruz with a 13 

focus on analyzing the effect of economics and environmental policy on 14 

resource user behavior. I received a B.A. from UC Berkeley, and between my 15 

B.A. and Ph.D. studies I was a researcher at the Urban Institute in Washington 16 

DC. I was a co-founder of EcoShift Consulting in 2009, where I serve as a 17 

Principal and focus on climate planning and economic analysis of energy 18 

solutions for the public and private sectors. In this capacity I have developed 19 

several modeling tools for residential and commercial energy efficiency, have 20 

completed Climate Action Plans and energy assessments for multiple clients, 21 

and have developed a local carbon offset program for the Monterey Bay 22 

Region. I served on the Technical Advisory Committee for the Santa Cruz 23 

desalination plant energy study. I have been an invited speaker at several 24 

national events, including the Global Energy Efficiency Forum, the 25 

Association of Climate Change Officers Climate Strategies Forum. I also have 26 

taught several classes in the Environmental Studies Department and in the 27 

Electrical Engineering Department at UC Santa Cruz, including 28 

Environmental Economics, Political Economy and the Environment, and 29 

Sustainability Engineering and Practice. My full curriculum vitae is appended 30 

hereto as Attachment 1.   31 
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 1 

Q. On whose behalf are you testifying in this case? 2 

A. I am testifying on behalf of Sierra Club. 3 

 4 

Q. Have you testified in front of the California Public Utility Commission .5 

 previously? 6 

A. Yes, I provided oral and written testimony in a General Rate Case, Phase 2  7 

(A1003014), and written testimony in the PG&E Green Option Application 8 

(A1204020), and the energy storage Rulemaking (R1012007). 9 

 10 

Q. What is the purpose of your testimony? 11 

A. The purpose of my testimony is to illustrate how rate structures proposed by 12 

PG&E, SCE, and SDG&E (collectively “Utilities”) would impact customer 13 

adoption of energy efficiency and on-site solar generation (collectively 14 

referred to herein as “energy upgrades”) by changing payback periods for 15 

these investments.  Understanding how rates impact payback periods inform 16 

whether a proposed rate design is consistent with the principle that rates 17 

“encourage conservation and energy efficiency” and are consistent with state 18 

environmental and clean energy policies,1 including reducing greenhouse gas 19 

pollution to 80% below 1990 levels by 2050.  (Exec. Order S-03-05.)   20 

 21 

In my testimony, I first assess the impact of the Utilities’ proposed tiered and 22 

time of use (“TOU”) rates on payback periods for four common energy 23 

upgrades: installing solar generation, upgrading to a more efficient air 24 

conditioner, replacing incandescent bulbs with LEDs, and installing an 25 

electric heat pump.  To better understand the impact of specific rate design 26 

elements, I also isolate the effect of the Utilities’ proposed $10 fixed charge 27 

and the inclusion of a 5- and 10-cent baseline credit in a TOU rate.   28 

 29 

                                                 
1 R.12-06-013, Scoping Memo and Ruling of Assigned Commissioner (Nov. 26, 2012) p.6. 
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Because I conclude that the Utilities’ proposed rates would significantly 1 

impair customer adoption of energy efficiency and on-site solar  generation, I 2 

propose alternative tiered and TOU rates that enable positive conservation 3 

outcomes and facilitate achievement of California’s clean energy and climate 4 

objectives. 5 

 6 

III. METHODOLOGY7 

Q. How did you analyze the impact of the proposed rate design changes on 8 

investments in energy efficiency and distributed generation? 9 

A. I built four models to test the conservation impacts of the proposed rate design 10 

changes on each of four common upgrades important to California’s clean 11 

energy and energy efficiency goals:  12 

1) Installing on-site PV generation. 13 

2) Upgrading from a SEER 14 to a SEER 18 central AC unit upon the 14 

end-of-life of an existing unit. 15 

3) Changing 100% of the light bulbs in a residence to LED lamps.  16 

4) Replacing an electric resistance water heater with an efficient electric 17 

heat pump, for electric-only customers.  18 

 19 

These models each use customer usage data provided by the Utilities, rates 20 

generated by utility bill calculators, and estimated costs of upgrades to 21 

compute the payback period for all customers under any inputted rate design.  22 

 23 

For each efficiency measure, I performed two categories of analysis.   24 

 25 

First, I analyzed the payback period for each technology on various rates, 26 

illustrating the relative effect of a particular rate design on the value of each of 27 

these four energy upgrades.2     28 

2 One of the most frequently used metrics to quantify return on investment for residential 
efficiency technologies is the system’s simple payback period: how long it takes before the 
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 1 

Next, I computed the total potential energy savings for all customers with a 2 

payback period below various thresholds--in other words, for each set of 3 

efficiency measure and rate design, I quantified the total annual energy that 4 

would be conserved if all customers with a payback period below a certain 5 

threshold installed the technology. The purpose of this analysis is to determine 6 

the relative impacts on conservation and energy efficiency of proposed rate 7 

structures. 8 

 9 

Additionally, for distributed PV generation, I determined the “solar penalty” 10 

caused by the proposed rate designs. A “solar penalty” is a way of 11 

conceptualizing how a change in rates decreases the value of a solar PV 12 

system to net metering customers, by recharacterizing the decrease in the 13 

system’s value as an increased purchase price. To compute this figure, I adjust 14 

the cost per installed watt of solar PV until a customer’s payback period under 15 

current rates (and elevated PV prices) equals the payback period under 16 

proposed rates (at current technology prices). In other words, for each rate, I 17 

translate the impact of proposed rates into an equivalent price premium per 18 

watt. 19 

 20 

The full methodology for the four models is presented in Appendix A.  21 

 22 

Q. How does rate design impact payback periods?   23 

A.  Rate design impacts payback periods for energy upgrades because as the price 24 

of a kilowatt hour rises or falls, so does the savings from conserving (or 25 

generating) that kilowatt hour.  Over the life of the technology, even small 26 

                                                                                                                                           
revenue or savings from the technology equals the initial investment cost. (Drury 2011at 
8.)  The payback period is inversely related to an implicit discount rate, the rate of time at 
which customers need future savings for an energy efficient product to pay back for itself to 
justify an investment. 
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changes in these per kilowatt hour savings add up to significantly impact how 1 

soon the technology pays for itself, and how profitable it is over its lifetime. 2 

 3 

Q. Is your analysis intended to predict exact deployment of energy upgrades 4 

under different rate designs?  5 

A. No.  Assessment of payback periods gives a clear indication of the direction 6 

and magnitude of the impacts of rate design on the economics of energy 7 

conservation and efficiency.  The computations are not a prediction of specific 8 

consumer behavior, but rather a measurement of how much more or less 9 

attractive conservation and efficiency becomes for customers with various 10 

assumed payback preferences. For a proposed rate to support energy 11 

conservation and efficiency, and California energy and climate goals, the rate 12 

should not impair robust deployment of energy upgrades by reducing their 13 

economic attractiveness.    14 

 15 
Q. Are payback periods a useful metric for assessing potential impacts to 16 

deployment of distributed generation for customers who choose to 17 

finance the system with a lease?  18 

A. Yes.  Any rate-driven changes in monthly bill savings are directionally linked 19 

with payback periods.  As payback period lengthens, monthly bill savings 20 

dwindle�and as monthly savings dwindle, so does a homeowner’s interest in 21 

entering into a solar lease.  The payback period modeling reveals trends in the 22 

overall economic value of the system, regardless of how the system is 23 

ultimately financed.  It shows whether a particular rate structure will expand 24 

or reduce the number of homes where energy upgrades are an economically 25 

attractive investment. 26 

 27 

Q. Why is it important to focus on impacts to customers with the lowest 28 

payback periods? 29 

A. Customers with the lowest payback periods are most likely to adopt a given 30 

technology. Individuals have different acceptable payback periods for 31 
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different technologies in different contexts (Wilson 2007 at 173). Instead of 1 

assuming an acceptable payback period threshold that leads to adoption, I 2 

identify subsets of customers with the shortest payback periods that represent 3 

a sizable percentage of total potential savings, and show how these customers 4 

are affected by changes in rates.  5 

6 

Previous studies have established some general, but illustrative, ranges for 7 

acceptable payback periods for the different technologies I analyze in this 8 

testimony. I do not use these to predict specific changes in customer behavior. 9 

Rather, this literature demonstrates to two important points: First, adoption 10 

occurs at higher rates at shorter paybacks. Second, customers generally 11 

discount future savings at very high rates, which means that very short 12 

payback periods are extremely important for adoption.  13 

 14 

For distributed PV, the National Renewable Energy Laboratory (NREL) relies 15 

on two studies to model how payback periods affect the diffusion of the 16 

technology (see Table 1, below).  The first is the National Energy Modeling 17 

System (NEMS) designed by the Energy Information Agency  (LaCommare 18 

2003). The second is a 2008 NREL report that quantified the market 19 

penetration of distributed PV based on field interviews, customer surveys, and 20 

market data (Paidipati 2008). The yellow line in Figure 1, below, models the 21 

mean of these two studies’ assessments of the residential PV market for both 22 

new construction and retrofits.  23 

24 

Taken together, the models demonstrate that market penetration curves 25 

resemble exponential decay functions, and flatten significantly as payback 26 

periods lengthen.  This market characteristic means that even a small increase 27 

in a formerly short payback period (for example, in Figure 1, increasing from 28 

5 to 10 years) can have a large effect on technology adoption, but, conversely, 29 

shortening an already-long payback period (for example, in Figure 1, from 20 30 

to 15 years) does not cause equivalent growth in technology adoption.  31 
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NREL’s models suggest that an essential characteristic of a high penetration 1 

residential PV market is having as many homeowners as possible that face the 2 

lowest payback periods possible. 3 

 4 

Figure 1.  Maximum Residential PV Market Share (from Denholm 2009 at 19). 5 

6 

7 

For energy efficiency measures, payback periods need to be even shorter, and 8 

therefore, maintaining short payback periods is critical. For air conditioners, 9 

Hausman (1979) computes implicit discount rates that range from 5% to 89% 10 

for customers at various income levels.  Converting the income ranges from 11 

his study to present day dollars, the study suggests that customers with an 12 

annual income of $20,000, $50,000, and $80,000 may have an acceptable 13 

payback period of 1.1, 3.7, and 5.9 years. Only above incomes of $100,000 14 

are acceptable payback greater than 10 years. Similarly, one study found that 15 

purchasers of light bulbs may expect a virtually instant payback: Min (2014) 16 

found customers had an implicit discount rate of 500%, meaning their 17 

acceptable payback period for a more efficient light bulb was as short as 2.4 18 

months.  Product labeling that advertises the anticipated savings reduced 19 

implicit discount rates by a factor of five, but even with this change, the 20 

acceptable payback period is still only 1 year (Min 2014 at 48).  21 

 22 
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Overall, this literature suggests that acceptable payback periods may be very 1 

short, and that the customers with the shortest payback periods make up the 2 

biggest market share for energy efficient technologies.  Therefore, when 3 

policy changes erode a technology’s shortest payback periods, the most 4 

important portion of the market � the likely adopters � disappear.   5 

6 

Q. Did you analyze each utility’s proposed rate structure?7 

A.  I focused my analysis on customers in PG&E territory, since only this utility 8 

provided customer-level data (7,782 customers, with sample weights 9 

included), which allows a more accurate analysis. I also included some 10 

analysis of SCE territory using data provided by SCE that was aggregated by 11 

usage level.3 I was unable to analyze SCE TOU proposals because insufficient 12 

information was provided in their rate design proposal.  Although SDG&E 13 

provided aggregated data, it was received by Sierra Club with insufficient 14 

time to perform the analysis. However, I tested the impact of SDG&E 15 

proposed rates by re-creating their proposed rate design (TOU and tier 16 

differentials, and customer charges) in the PG&E bill calculator. I then 17 

applied this new rate to PG&E data.  18 

 19 

Q. What rates did you use in your models? 20 

A. I used current rates for PG&E (1/14) and SCE (7/14) for base scenarios 21 

calculations. In all cases, I had to recreate these current rates within the bill 22 

calculators created by the Utilities to ensure that any variations of these rates 23 

did not create error resulting from discrepancies in the parameters required by 24 

bill calculators. For this reason, the rates tested may be slightly different than 25 

actual rates on the Utilities’ rate schedules. These differences are minimal, 26 

3 This analysis is not as accurate as the PG&E analysis (which uses a sample of customer 
data) because the average usage for each bin is used to represent the usage of all customers 
within that bin. This means that variations in seasonal usage or time-of-use among individual 
customers, which may lead individual customers to have higher or lower paybacks under 
certain rates, are not captured at the individual level in this analysis. In other words, variation 
in the data is masked by bin aggregation. 
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and I was advised to ignore them by SCE staff.  The Utilities’ proposed rates 1 

were created using the bill calculators provided by the Utilities and their rate 2 

proposals in this proceeding. I created the variations presented in this 3 

testimony using the Utilities’ bill calculators, with different parameters 4 

entered in the tiered differential, TOU differential, baseline credit, and 5 

customer charge inputs. Because the PG&E bill calculator used the same 6 

CARE discount for tier 1 rates and minimum bills/fixed charges, I was unable 7 

to model the correct minimum bill and fixed charge discounts for CARE 8 

customers. However, because this was applied equally for all rates I created, I 9 

do not think there is any significant impact on results.   10 

 11 

 Rates used in my analysis are shown in Tables 1 - 4, below.  12 

 13 

Table 1: PG&E Tiered Rates14 

 15 

PG&E 
Current E1 
(1/14)

PG&E 
Proposed

Tiered 2018 

PG&E 
Proposed 
Tiered 
2018, $5.21 
Customer 
Charge

PG&E 
Proposed 
Tiered

2018, No 
Customer 
Charge

Example 
PG&E Rate: 
2 Tiers with 
75% 
Differential 

Example 
PG&E Rate: 
3 Tier 
1:1.25:1.5,

Tier 3 starts 
at 200%

Example 
PG&E Rate: 
3 Tier
1:1.75:2.5, 
Tier 3 starts 
at 200%

Example 
PG&E Rate: 
3 Tier 
1:1.5:2, Tier 
3 starts at 
200%

Non CARE

Tier 1 0.1323 0.1660 0.1751 0.1842 0.1505 0.1740 0.1389 0.1548

Tier 2 0.1504 0.1992 0.2101 0.2210 0.2634 0.2173 0.2421 0.2316

Tier 3 0.3261 0.2608 0.3478 0.3071

Tier 4 0.3661

Cust $/Mo. 0.00 10.42 5.21 0.00 0.00 0.00 0.00 0.00

Min Charge $/Mo 4.50 0.00 0.00 4.50 4.50 4.50 4.50 4.50

CARE

Tier 1 0.0832 0.1042 0.1100 0.1157 0.0948 0.1096 0.0875 0.0975

Tier 2 0.0956 0.1275 0.1345 0.1415 0.1686 0.1391 0.1550 0.1482

Tier 3 0.1397 0.1669 0.2226 0.1965

Tier 4 0.1397

Cust $/Mo. 0.00 6.54 3.27 0.00 0.00 0.00 0.00 0.00

Min Charge $/Mo 3.60 0.00 0.00 2.84 2.84 2.84 2.84 2.84
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Table 2: PG&E and SDG&E Proposed TOU Rates 1 

2 

Table 3:  PG&E Current TOU Rate 3 

 4 

Table 4: SCE Rates 5 

 6 

 7 

PG&E 
Proposed 
TOU 2018

PG&E

Proposed TOU 
2018 with 5¢ 
baseline credit

PG&E 
Proposed TOU
2018 with 10¢ 
baseline credit

SDG&E

Proposed 
TOU 2018

Example PG&E 
Rate (3 TOU 
Periods, 1:1.5:2 
Ratio, No 
Baseline Credit)

Example PG&E 
Rate (3 TOU 
Periods, 1:1.5:2 
Ratio, add 5¢ 
Baseline Credit)

Example PG&E 
Rate (3 TOU 
Periods, 1:1.5:2 
Ratio, add 10¢ 
Baseline Credit)

Non CARE

Summer Peak 0.2632 0.2549 0.2466 0.2239 0.3549 0.3554 0.3559

Summer Part Peak 0.1803 0.1588 0.1374 0.1820 0.2517 0.2375 0.2234

Summer Off Peak 0.1803 0.1588 0.1374 0.1505 0.1785 0.1539 0.1293

Winter Part Peak 0.1622 0.1379 0.1136 0.1347 0.2265 0.2088 0.1910

Winter Off Peak 0.1622 0.1379 0.1136 0.1204 0.1607 0.1335 0.1064

Baseline Credit 0.0000 0.0500 0.1000 0.0000 0.0000 0.0500 0.1000

Cust $/Mo. 10.42 10.42 10.42 27.78 0.00 0.00 0.00

Min Charge $/Mo. 0.00 0.00 0.00 0.00 4.50 4.50 4.50

CARE

Summer Peak 0.1711 0.1657 0.1603 0.1411 0.2229 0.2232 0.2235

Summer Part Peak 0.1172 0.1032 0.0893 0.1147 0.1581 0.1492 0.1403

Summer Off Peak 0.1172 0.1032 0.0893 0.0948 0.1121 0.0967 0.0812

Winter Part Peak 0.1055 0.0897 0.0739 0.0849 0.1423 0.1311 0.1200

Winter Off Peak 0.1055 0.0897 0.0739 0.0758 0.1009 0.0839 0.0668

Baseline Credit 0.0000 0.0316 0.0631 0.0000 0.0000 0.0316 0.0631

Cust $/Mo. 6.77 6.77 6.77 17.50 0.00 0.00 0.00

Min Charge $/Mo. 0.00 0.00 0.00 0.00 2.84 2.84 2.84

Tier 1 Tier 2 Tier 3 Tier 4 Min Charge $/Mo.

Non CARE

Summer Peak 0.3070 0.3300 0.4080 0.4680

Summer Part Peak 0.1910 0.2150 0.2930 0.3530

Summer Off Peak 0.1150 0.1380 0.2160 0.2760

Winter Part Peak 0.1360 0.1590 0.2370 0.2970

Winter Off Peak 0.1190 0.1420 0.2200 0.2800

CARE

Summer Peak 0.2080 0.2220 0.3180 0.3180

Summer Part Peak 0.1230 0.1380 0.1950 0.1950

Summer Off Peak 0.0670 0.0810 0.1130 0.1130

Winter Part Peak 0.0820 0.0970 0.1360 0.1360

Winter Off Peak 0.0700 0.0850 0.1180 0.1180

4.50

3.60

SCE Current 
Tiered (7/14)

SCE Current 
Tiered 
(7/2014)  $5 
cust charge

SCE Current 
Tiered 
(7/2014)  $10 
cust charge

SCE Proposed
Tiered 2018, 
excluding 
customer charge

SCE Proposed 
Tiered 2018, 
$5 Customer

Charge

SCE Proposed 
Tiered 2018

Non CARE

Tier 1 0.1485 0.1440 0.1386 0.1895 0.1841 0.1772

Tier 2 0.1928 0.1869 0.1799 0.2274 0.2209 0.2127

Tier 3 0.2810 0.2725 0.2623 0.2274 0.2209 0.2127

Tier 4 0.3210 0.3112 0.2996 0.2274 0.2209 0.2127

Cust $/Mo. 0.94 5.00 10.00 0.94 5.00 10.00

Min Charge $/Mo. 0.73 3.87 7.74 0.73 3.87 7.74

CARE

Tier 1 0.0965 0.0936 0.0901 0.1327 0.1289 0.1241

Tier 2 0.1253 0.1215 0.1170 0.1592 0.1546 0.1489

Tier 3 0.2117 0.2053 0.1976 0.1592 0.1546 0.1489

Tier 4 0.2117 0.2053 0.1976 0.1592 0.1546 0.1489

Cust $/Mo. 0.73 2.50 5.00 0.73 2.50 5.00

Min Charge $/Mo. 0.55 1.88 3.75 0.55 1.88 3.75
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Because the Utilities propose changes in CARE discounts in addition to 1 

changes in tiers, TOU differentials, and customer charges, it would be 2 

possible that changes in the CARE discount could create misleading results if 3 

I used the example rates provided by the Utilities. To avoid this scenario, and 4 

because our testimony does not focus on changes in the CARE discount, I 5 

recalculated all rates used in my analysis to hold CARE discounts at current 6 

levels using the bill calculators provided by the Utilities.  7 

 8 

In addition, I assume a revenue neutral scenario for all rates presented, and 9 

use current revenue requirements (2014) for all analyses. Increases in revenue 10 

requirements would increase bills for all customers, and it would be 11 

impossible to discern which impacts observed in results are due to changes in 12 

rate design versus general increases in total bills.  13 

 14 

IV. IMPACT OF PROPOSED UTILITY RATES15 

16 

Q. According to your modeling, how will the Utilities’ proposed rates impact 17 

incentives to install distributed PV generation? 18 

A. I found that the Utilities’ proposed rates will greatly reduce deployment of on-19 

site solar generation by lengthening payback periods for the customers who 20 

currently face the shortest payback periods.  Under the Utilities’ proposed 21 

rates, no customer will have a payback period less than 13 years (Figure 2). 22 

 23 

Customers who currently have the shortest payback periods�and thus the 24 

highest incentive to invest in distributed generation�will see their payback 25 

periods lengthen dramatically.  For example, PG&E customers on tiered rates 26 

who currently recoup their initial investments in less than 10 years would see 27 

their payback period increase by an average of 4.7 years�from 9.3 to 14.0 28 

years (Figure 2).  This change would affect 6.9 % of all residential energy 29 



 
TESTIMONY OF JAMES BARSIMANTOV ON BEHALF OF SIERRA CLUB 

PAGE 14 

use.4 SCE’s proposed tiered rates have a similar impact to PG&E’s: the 1 

payback period for customers who currently face a payback under 10 years 2 

would see their average payback rise by an average of 3.5 years�from 9.5 to 3 

13 years (Figure 3).  These increases are typical of all the Utilities’ rate 4 

proposals; a table summarizing the changes for all proposed rates is included 5 

in Appendix 2.   6 

 7 

Figure 2. Payback periods for distributed PV under PG&E and SDG&E rates.8 

 9 

                                                 
4 I computed this value by first selecting all records in the dataset with a payback less than 10 
years. I then sum the weighted annual kWh consumption of these records, and divide it by the 
weighted annual kWh consumption of all records in the dataset. To compute changes in 
paybacks, I subtract the weighted average paybacks of these customers under E1 rates from 
their weighted average payback under a proposed rate. I repeat this approach throughout the 
analysis.  
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Figure 3:  Payback periods for distributed PV under SCE  rates. 1 

2 

3 

As illustrated by Figures 2 and 3, the payback period for low and medium-4 

usage consumers remains high under the Utilities’ proposed rates.  Therefore, 5 

I disagree with SCE’s assertion that “it is likely that as bills of low- and 6 

medium-usage customers increase, they may consider DG options as a method 7 

of managing their bills.”5 While payback periods for customers with 8 

consumption under 150% of baseline decrease, their payback period remains 9 

above 15 years in PG&E territory and 14.5 years in SCE territory, and will 10 

therefore not result in substantial adoption of site-generation by these 11 

customers (See, e.g., Denholm 2009, supra). 12 

13 

Q.   In addition to payback periods, were there other metrics you used to 14 

assess the effects of the Utility rate proposals on self-generation? 15 

Yes.  I also quantified the “solar penalty” implied by the proposed Utility 16 

rates.  I ran the model using current rates, and progressively increased the cost 17 

per installed watt of solar PV used in the model until the payback period under 18 

                                                 
5 SCE, Phase 1 Supplemental Testimony of SCE, May 16, 2014, Exh. SCE-11 at 8. 
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this scenario equaled the payback period under the Utilities� proposed rates. 1 

My results are presented in Table 5 below.  2 

 3 

I found that the rate changes proposed by the utilities were equivalent to an 4 

increase in the price of solar between $1.15 and $4.35 per watt.  To put this 5 

penalty in perspective, my analysis assumes a cost for residential PV systems 6 

of $5.00 per watt.6  Thus, the $2.80/watt penalty imposed on PG&E tiered rate 7 

customers with  current paybacks under 10 years raises effective the cost of a 8 

system by more than half.  The $4.35/watt penalty imposed on PG&E�s TOU 9 

customers with current paybacks under than 10 years almost doubles the 10 

effective cost of the PV system.  Put another way, the penalty negates � and, 11 

in many cases, exceeds � the current 30% federal investment tax credit (ITC) 12 

for solar PV.  13 

 14 

Table 5.  Effective increase in cost of distributed PV under proposed rates 15 

Payback Period Under

Current Rates
Proposed Rate

Solar Penalty due to

Proposed Rate

($/W)

< 10 years

PG&E TOU $ 4.35

PG&E Tiered $ 2.80

SDGE TOU $ 2.75

SCE Tiered $ 1.93

30% ITC (at $5.20/W) $ 1.56

10 12 years

PG&E TOU $ 2.90

SDGE TOU $ 2.20

PGE Tiered $ 1.85

30% ITC (at $5.20/W) $ 1.56

SCE Tier $ 1.15

16 

A third metric I used in my analysis quantifies the potential annual energy 17 

savings, in GWh, that may be lost by a transition to the utilities� proposed 18 

rates.  This metric captures how much energy is at stake each year if a certain 19 

group of customers loses incentive to conserve energy because of rate 20 
                                                 
6 For the rationale behind this assumption, see Methodology section, Attachment 2.  
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changes.  I calculated the total annual energy that would be conserved, in 1 

GWh, if all customers with a payback period below a certain threshold 2 

installed each technology.  The results from this calculation are quite striking, 3 

and show that the Utilities� proposed rates would result in significant lost 4 

opportunities for energy conservation and efficiency.   5 

 6 

The results are the most startling for solar PV (Figure 4).  There are currently 7 

over 2,000 GWh (assuming all customers are on PG&E tiered rates) and 431 8 

GWh (assuming all customers are on PG&E TOU rates) of annual potential 9 

energy savings that would have a 10-year payback or less.  Under PG&E�s 10 

proposed tiered and TOU rates, however, almost no customers have a payback 11 

of 10 years or less.7 These trends look very similar for all customers with less 12 

than a 12-year payback threshold, with proposed rates cutting the total 13 

potential GWh by 87% to 99%, depending on the rate.  Results are similar in 14 

SCE territory, where proposed rates eliminate all total potential energy 15 

savings with less than 10- or 12-year paybacks. This category represented 16 

30% of all residential energy usage in SCE territory. Therefore, the proposed 17 

rates function to eliminate almost all the opportunities for energy savings from 18 

PV with the shortest payback periods. 19 

 20 

                                                 
7 I determined the annual potential GWh savings by computing the sum all customer energy 
usage in the customer data provided by PG&E with a payback under 10 and 12 years, and 
multiplying each customer by the weight provided in the dataset. For all of these results, the 
payback thresholds denote the cumulative annual potential below the give threshold.  
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Figure 4. Annual potential energy savings from distributed PV at 10- and 12- year 1 
payback thresholds under PG&E & SDG&E current and proposed rates. 2 

 3 

4 

B.5 

Q. What were your findings for impacts on energy efficiency upgrades? 6 

A. My modeling shows that proposed rates reduce customer incentives to install 7 

all three of the energy efficiency technologies I examined � air conditioners, 8 

LED light bulbs, and electric water heaters � by eliminating almost all of the 9 

upgrades that currently have short payback periods. 10 

11 

 Air Conditioners 12 

Under current PG&E rates, 24.4% and 27.6% of the potential energy savings 13 

from installing more efficient air conditioners8 can be repaid in 8 years or 14 

less.9 However, under the PG&E proposed rates, no air conditioner upgrade 15 

can be paid for in less than 6 years.  16 

                                                 
8 My modeling estimates energy savings from exchanging an AC unit with minimum Title 24 
standard (SEER 14) to a high efficiency AC unit (SEER 18).  More information is in 
Appendix 2.  
9 I calculated this figure by summing the weighted potential energy savings from the energy 
upgrade for all residential customers in PG&E territory (customer data multiplied by 
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 1 

The Utilities� proposed rates eliminate financial feasibility for customers with 2 

the shortest payback periods for air conditioners (Figure 5).  PG&E customers 3 

whose air conditioners can currently be repaid in 6 years or less would see 4 

their payback period increase by an average of 4.1 years under proposed tiered 5 

rates, and 3.7 years under proposed TOU rates. Overall, current potential 6 

energy savings with a 10-year payback or less are cut roughly in half under 7 

PG&E proposed rates. Results are similar in SCE territory, where proposed 8 

rates cut annual potential savings by 100%, 46%, and 58% at 4-, 6-, and 8-9 

year thresholds. This represents 17% of the total annual potential savings in 10 

SCE territory, which is the sum of all energy savings if all customers 11 

performed the upgrade.  12 

 13 

Figure 5. Annual potential energy savings from AC upgrades at 6-, 8-, and 10-year 14 
payback thresholds under PG&E and SDG&E current and proposed rates. 15 

16 

            
customer weights) that have a payback of 8 years or less, and then dividing by the total 
weighted potential energy savings from all residential customers in PG&E territory. This 
calculation approached is used subsequently in the analysis.  
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Figure 6. Annual potential energy savings from AC upgrades at 4-, 6-, and 8-year 1 
payback thresholds under SCE current and proposed rates. 2 

3 

4 

LED Lighting  5 

Typically, consumers will only invest in efficient lighting if the payback is 6 

extremely short: one study suggests consumers may expect paybacks of as 7 

little as 2.4 months year (Min 2014).   Therefore, even a minimal increase in 8 

the payback period could have a large impact on whether or not these 9 

investments are attractive.  10 

 11 

Under current PG&E tiered rates, 39% of the total annual potential energy 12 

savings (if all customers implemented the upgrade) for lighting upgrades has a 13 

payback period of under 2 years. Under all Utilities� proposed rates, however, 14 

no light bulb upgrades can be paid back in less than 2 years.   15 

 16 

Customers who currently see a payback between 1 and 1.5 years for an LED 17 

retrofit would see their payback period increase by an average of 1 year under 18 

proposed tier rates, and 9 months under proposed TOU rates. Customers who 19 

currently see a payback between 1.5 and 2 years would see their payback 20 

period increase by an average of 0.67 years under proposed tier rates, and 6 21 

months under proposed TOU rates. Under current PGE tiered and TOU rates, 22 
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there are 2,197 and 1,354 GWh of annual potential energy savings with a 2.5 1 

year payback period or less.  This total annual potential savings are entirely 2 

cut under PG&E and SDG&E proposed TOU rates, and reduced by 27% 3 

under PG&E proposed tier rates. 4 

5 

Figure 7. Annual potential energy savings from LED lighting retrofits at 1.5-, 2-, and 6 
2.5- year payback thresholds under Utility current and proposed rates. 7 

 8 

9 

Electric Water Heaters 10 

I also examined proposed rates’ impact on the payback period for all-electric 11 

customers who may replace an electric resistance water heater with an 12 

efficient heat pump.10 As with other technologies, the proposed rates 13 

significantly lengthen current payback periods. Under current PG&E rates, 14 

there are 477 GWh of potential energy savings with a 2-year payback or less. 15 

For PG&E proposed tiered rates this number is 104 GWh, and for PG&E and 16 

SDG&E proposed TOU rates, this number is 104 and 90 GWh, respectively. 17 

                                                 
10 I use the Stiebel Eltron Accelera 300 as my example upgrade. See Methods Appendix for 
more detail. 
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These trends look very similar at a 3-year payback threshold, with over 47% 1 

more total potential GWh under current rates as opposed to proposed rates.   2 

 3 

Figure 8, Annual potential energy savings from a heat pump installation under 1-, 2-, 4 
and 3-year payback thresholds under PG&E current and PG&E and SDG&E 5 
proposed rates. 6 

 7 

8 

The impacts of SCE proposed rates are similar (Figure 9): At a 0.5-year 9 

payback, there is an 18% decrease in annual potential savings, from 104 GWh 10 

to 85 GWh. At a 1-year payback, there is a 29% decrease, and at a 1.5-year 11 

payback there is a 2% decrease.11 12 

 13 

                                                 
11 I selected different payback thresholds in the SCE analysis because, in general, paybacks are lower 
in SCE territory, which may be due to differences in current rate structures or customer usage patterns. 
The aim, as in all analyses, is to capture a sizable portion of total annual potential with the lowest 
payback, which in this case is 10.6% with a payback less than 1.5 years.  
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Figure 9. Annual potential energy savings from a heat pump installation under 0.5-, 1 
1-, and 1.5-year payback thresholds under SCE current and proposed rates. 2 

3 

4 

C.  Conservation 5 

Q. Do the Utilities reasonably rely on their bill calculators to determine the 6 

conservation impacts of the proposed rates?  7 

A. No.  The PG&E and SCE bill calculators use an overly simple approach in 8 

calculating the elasticities of electricity use at different tiers, resulting in 9 

invalid conclusions about customers’ conservation behavior.   10 

 11 

First, the Utilities’ approach treats each tier as a separate good with its own 12 

elasticity. This method means that, if the Tier 1 rate increases and the Tier 2 13 

rate decreases, a single customer’s Tier 1 usage will fall and his Tier 2 usage 14 

will rise. This result is nonsensical, given that Tier 1 usage cannot decrease 15 

until all Tier 2 usage is eliminated. 16 

 17 

Second, the Utilities unreasonably conclude that Tier 1 energy use is elastic.   18 

Tier 1, “baseline” energy usage is often subsistence or necessity energy use, 19 

and thus it is less likely that customers can reduce their Tier 1 consumption.  20 

This is not accounted for in the Utilities’ approach.  21 

22 
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Third, the Utilities’ use of constant elasticity for each tier is also an over-1 

simplification of reality.  Using a constant elasticity assumes that the demand 2 

curve is a straight line, which is highly unlikely in reality: in practice, 3 

elasticities are inherently related to the level of consumption on a demand 4 

curve. Because there is not enough information in the literature to reliably 5 

estimate differences in elasticities between tiers, the Utilities’ methodology is 6 

flawed. 7 

 8 

Fourth, SCE’s approach is flawed because it does not distinguish between 9 

customers in different climate zones.  SCE’s model only includes two 10 

customer groups, based on electricity use.   This approach thus contains the 11 

unreasonable assumption that a customer using 400 kWh/month in a coastal 12 

zone will react in the same way to a customer using 400 kWh/month in an 13 

inland zone.  14 

 15 

Finally, the Utilities’ simplistic approach likely ignores what may actually 16 

drive changes in customer energy usage. For example, income elasticities 17 

(changes in consumption based on income level) are generally more 18 

pronounced than own-price elasticities, yet these are not used at all in the 19 

Utilities’ conservation calculations. Difference among usage patterns are also 20 

critical drivers.  One study found that the elasticity for households with air 21 

conditioning was 8 times higher than that of households without air 22 

conditioning  (Reiss and White, 2002).  Substitution elasticities (used to 23 

calculate shifting usage to different time periods) were also found to be much 24 

higher in households with air conditioning as compared to those without in 25 

multiple studies: (Baladi and Herriges (1993); Faruqui and George (2005)).  26 

Faraqui and George also found that high usage customers have a much higher 27 

substitution elasticity than low use customers:  customers using twice the 28 

average amount of electricity conserved more energy on critical peak days 29 

than those using half the average. 30 

 31 
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V. THE IMPACT OF A FIXED CHARGE ON ENERGY UPGRADES1 

Q. Did you analyze the specific impact of the Utilities’ proposed $10 fixed 2 

charge?3 

A. Yes.  I conducted an analysis to isolate for the impact of the proposed $10 4 

fixed charge.  I used the same models described above, but I isolated the 5 

impact of the customer charge by creating example rates that incorporate the 6 

proposed customer charges into current rates.  7 

 8 

For my analysis of PG&E, I use a fixed charge of $10.42.  PG&E proposes to 9 

increase the fixed charge annually according to the maximum allowed under 10 

AB327, which is no more than the annual percentage increase in the 11 

Consumer Price Index for the prior calendar year. This amounts to $10.42 in 12 

2018.  I use $10 as the fixed charge for my analysis of SCE rates, as it lists in 13 

its filings.   14 

15 

Q. Will the Utilities’ proposed $10 fixed charge impact energy usage or 16 

decisions to make energy efficiency investments, including installation of 17 

on-site solar generation? 18 

A. Yes.  Because fixed charges are unavoidable and cannot be eliminated by 19 

lowering consumption, the portion of a customer’s bill that could theoretically 20 

be reduced through efficiency or conservation becomes smaller.  Additionally, 21 

when utilities shift cost recovery to fixed costs and away from volumetric per 22 

kWh rates, volumetric prices fall and every kWh conserved or generated is 23 

simply worth less. This change lengthens payback periods for onsite PV 24 

generation and energy efficiency upgrades, reducing the incentive to invest in 25 

these technologies. 26 

 27 

Q. What impact would the Utilities’ proposed fixed charges have on 28 

distributed PV generation? 29 

A.  I found that the proposed customer charge increases the payback for all 30 

customers � not just those with shorter paybacks � for solar PV by an average 31 
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of 1.4 years (SCE territory) and 1.0 years (PG&E territory). This is equivalent 1 

to a solar penalty of $0.38/Watt, or roughly a 7.2% increase (SCE territory) 2 

and a $0.90/Watt, or roughly 17% increase (PG&E territory) in the cost per 3 

installed Watt. I computed these results by adding the proposed fixed charges 4 

to existing tiered rates, and holding all else constant.  5 

 6 

I also express these results in the context of PG&E’s proposed rates. As I 7 

discuss in Section IV(A), above, customers who currently have a payback of 8 

less than 10 years under PG&E’s existing tiered rates experience an increased 9 

average payback of 4.6 years under the proposed tiered rates, which include a 10 

$10.42 customer charge in 2018.  As set forth in Table 6, I found that the 11 

customer charge accounts for 1.3 years, or about 30%, of this increase for 12 

these customers.  Similarly, the fixed charge also amounts to about 30% of the 13 

solar penalty for these customers ($0.80 of the $2.80 penalty). 14 

 15 

Table 6. Change in PV payback and “solar penalty” resulting from proposed fixed 16 
customer charges for customers with a current payback of less than 10 and 12 years 17 
under PG&E E1. 18 

Simple

Payback

Thresholds

Under

Current E1

Rate

% of

Residential

Usage

Average Payback (Yrs) Solar Penalty ($/installed W)

PG&E Proposed Tiered Rate

Variations

PG&E Proposed Tiered Rate

Variations

With

No

Fixed

Charge

With

$5.21

Fixed

Charge

With

Proposed

$10.42

Fixed

Charge

With No

Fixed

Charge

With

$5.21

Fixed

Charge

With

Proposed

$10.42

Fixed

Charge

<10 Yrs 6.9% 12.5 13.1 13.8 $2.00 $2.35 $2.80

10 12 Yrs 15.7% 13.2 13.9 14.7 $1.10 $1.45 $1.85

19 

While eliminating the fixed charge would improve the impact of the Utilities’ 20 

proposed rates on energy upgrades, changes to the proposed tier and TOU 21 

structures are also necessary to avoid the substantial diminishment of existing 22 

conservation incentives.   23 

 24 

Q. What impact would the Utilities’ proposed fixed customer charges have 25 

on energy efficiency upgrades? 26 
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A. By reducing the potential savings from conservation, the fixed charge 1 

functions to extend payback periods for energy efficiency measures for all 2 

customers.12  I found that the proposed customer charge increases the payback 3 

for an AC upgrade (from SEER 14 to SEER 18) for all customers13 by an 4 

average of 1.1 years (SCE territory) and by 1.3 years (PG&E territory).   5 

 6 

With regard to customers with shorter payback periods, the proposed 7 

customer charge would reduce the total potential with a short payback. For 8 

example, in SCE territory, 10.5% of all potential savings currently has a 9 

payback less than 6 years in SCE territory. If the fixed charge were added to 10 

current rates, only 5.3% would have a payback less than 6 years. Under the 11 

current PGE tiered rate, there are 195 GWh of annual potential energy savings 12 

with a payback less than 10 years. A PG&E proposed tiered rate with no 13 

customer charges cuts this to 168 GWh, while one with customer charges cuts 14 

this to 94.3 GWh (Figure 10).  This means that adding a customer charge of 15 

$10.42 will cut the percent of potential savings with a payback under 10 years 16 

by over half.  17 

                                                 
12 Additional analysis on impact of the fixed charge is provided in Appendix B. 
13 All customers that I estimate, based on climate zone and seasonal bill variation, have an AC 
load.  
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Figure 10.  Annual potential energy savings at increasing payback periods, for an 1 
AC retrofit from SEER 14 to SEER 18 in PG&E territory.  2 

 3 

 4 

Similarly, for customers who wish to perform an LED or a water heater 5 

retrofit, fixed customer charges greatly reduce the incentive to conserve. I 6 

found that the proposed customer charge increases the payback for all 7 

customers by an average of 2.5 months (SCE territory) and 2.7 months 8 

(PG&E territory) for the LED retrofit scenario that I analyzed.  For a retrofit 9 

to a heat pump water heater, the payback for all customers increases by an 10 

average of 3 months (SCE territory) and 4.3 months (PG&E territory). As 11 

noted above, under the current PGE tiered rate, there are 94 GWh and 922 12 

GWh of annual potential energy savings with a payback less than 1 and 3 13 

years for a heat pump upgrade. A PG&E proposed tiered rate with no 14 

customer charges cuts this to 74 GWh and 668 GWh, while one with a $10.42 15 

customer charge cuts this to 5 GWh and 516 GWh (Figure 11), which means 16 

that the proposed customer charge is responsible for a large portion of 17 

proposed rates’ reduced economic incentive. 18 
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Figure 11.  Annual potential energy savings for various simple payback thresholds, 1 
for a heat pump water heater upgrade in PG&E territory. 2 

 3 

 4 

 5 

Q. Are your results consistent with previous research?  6 

A. Yes. Pearse and Harris (2007) model the effects on energy conservation (or 7 

“efficiency penalty”) due to electric rate structures with unavoidable customer 8 

charges, based on a nationwide survey of US electric tariffs.  Pearse and 9 

Harris argue that increases in volumetric (per kWh) costs incentivized energy 10 

conservation because these costs are avoidable. They found an increase of 11 

7.12% in the residential electrical rate would result in a 6.4% reduction in 12 

overall electricity consumption. In their study, raising per kWh charges led to 13 

a higher rate of return on investments in energy efficiency, energy 14 

conservation, distributed energy generation, and fuel choices. My own 15 

analysis uses a different process to assess the same issue. 16 

17 

Q. Is a minimum bill preferable to a fixed charge? 18 

A. Yes.  Unlike a fixed charge, a minimum bill is more consistent with cost-19 

causation without significantly impacting conservation or efficiency.  A 20 
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minimum bill also does not introduce new customer acceptance issues through 1 

an unavoidable charge.  I do not propose a specific minimum bill.  Important 2 

factors to consider when setting a minimum bill include avoiding an excessive 3 

minimum bill that would discourage conservation, or interfere with pre-4 

existing customer investments in efficiency or solar. 5 

 6 

VI. SIERRA CLUB PROPOSED RATE STRUCTURE7 

8 

Q Are you proposing a tiered rate structure that differs from the Utility 9 

proposals?10 

A. Yes.  Sierra Club is proposing a three-tiered rate structure with a 1:1.5:2 tier 11 

differential and no fixed charge.   12 

 13 

The Utilities propose a 2-tiered structure with 20% differential between tiers, 14 

but reducing the number of tiers and the differential between them 15 

substantially reduces customers’ incentive to make energy upgrades.  With 16 

fewer tiers, the differential between the tiers needs to be high to maintain 17 

economic incentives for energy upgrades.  Additionally, a small differential 18 

between the highest and lowest tiers, no matter how many tiers there are in 19 

between, will not significantly incentivize energy upgrades.  20 

 21 

To demonstrate this assertion, I analyzed a series of rates with varying 22 

numbers of tiers and varying differentials, and compared these rates to 23 

PG&E’s current and proposed rates. In all, I analyzed over 40 hypothetical 24 

rates to understand the relationships between numbers of tiers, tier 25 

differentials, and customer charges. Although several options offered similar 26 

conservation benefits, Sierra Club’s preferred rate balances conservation goals 27 

with the Commission’s rate design principles of stability and simplicity, 28 

maintaining an affordable baseline, and avoiding potential for rate shock.   29 

 30 
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I found that a differential of less than 1:2 between bottom and top tiers greatly 1 

increases payback periods for customers who have the shortest paybacks for 2 

PV (Figure 12).  Sierra Club recommends three tiers with at least a 50% 3 

differential between tiers (1:1.5:2). The differential between top and bottom 4 

tiers in our proposed rate is considerably less than the existing tiered rate 5 

structure, but still provides a significant incentive for energy upgrades.  A 6 

larger differential (1:1.75:2.5) would provide a greater incentive, and impact 7 

customers with existing low paybacks less.  I did not include fixed customer 8 

charges in this proposed rate because of the negative impacts of these charges, 9 

as discussed above in Section V. 10 

 11 

A 2-tier rate with a 1:1.75 differential would still drastically reduce the 12 

potential energy savings available at lower paybacks. However, since a 13 

differential larger than 1:1.75 within a two-tier system could be difficult for 14 

customers, I recommend a three-tier design to improve customer acceptance 15 

while maintaining conservation incentives.  16 

Figure 12. Annual potential energy savings from distributed PV at 10-and 12-year 17 
payback thresholds, on various rates in PG&E territory.18 
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This recommended three-tier (1:1.5:2) rate also performs quite well to 1 

maintain economic incentives for air conditioner upgrades (figure 13). While 2 

not as strong as a larger tier differential, it matches or exceeds current annual 3 

potential savings at an 8- or 10-year payback. It provides double the annual 4 

potential savings with less than a 10-year payback as compared to proposed 5 

rates, and provides considerable potential with a payback less than 6 and 8 6 

years, whereas PG&E�s proposal provides 0. At a 6-year payback, this rate 7 

does not perform as well as current rates, so there is a tradeoff here.  8 

 9 

Figure 13. Annual potential energy savings from AC upgrade at 6-, 8-, and 10-year 10 
payback thresholds at various rates in PG&E territory.  11 

12 
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payback less than 3 and 2.5 years for water heaters and LED lights (Figures X 

and Y). On the other hand, some variations shown in Figure 14 do perform 

better than my preferred rate, but may raise other challenges for customer 

acceptance either because they have a large differential between top and 

bottom tiers (3-Tier, 1:1.75:2.5), or because the differential between tiers 1 

and 2 is large (2-Tier, 1:1.75). 

 

Figure 14. Annual potential energy savings for water heater upgrade at 1-, 2- and 3-
year payback thresholds in PG&E territory. 
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Figure 15. Annual potential energy savings for LED retrofit at 1.5-, 2-, and 2.5-year 
payback thresholds in PG&E territory 
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sufficient incentive for ratepayers to shift loads to off-peak periods reduce 1 

peak consumption, or to reduce overall consumption.    2 

 3 

To design Sierra Club�s alternative proposal, I tested several alternative TOU 4 

rates with the goal of creating a rate that reflects a 1:2 off-peak to peak ratio,14 5 

and preserves the low paybacks periods for efficiency measures that exist 6 

under current rates. I found that a TOU rate with 1:2 off-peak to peak ratio 7 

and a 10-cent baseline credit performs similarly to current rates.  8 

 9 

I did not include fixed customer charges in this proposed rate because of the 10 

negative impacts of these charges, as discussed above in Section V.  11 

12 

Under Sierra Club�s proposed rate, the amount of energy from distributed PV 13 

that could be paid back in less than 12 years is 15% higher than under current 14 

rates (Figure 16). This rate is not ideal, however, because there would be no 15 

systems with a payback under 10 years.   16 

                                                 
14 Based on information provided by Dr. Robert Levin of the Energy Division in this 
proceeding, cost of providing electricity at different times of the day shows that final rate 
summer peak/off-peak ratio is typically about 2 to 1 or greater.  A TOU Rate Primer, Art & 
Science of TOU Rate Design, presentation from July 30, 2014, available: 
http://www.cpuc.ca.gov/PUC/energy/Electric+Rates/Time+Variant+Pricing_TVP.htm 
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Figure 16.  Annual potential energy savings from distributed PV at 10- and 12-year 1 
payback thresholds, in PG&E territory. 2 

3 

4 
Sierra Club�s proposed rate performs similarly in analysis of AC upgrades 5 

(Figure 17). Under a rate with no baseline credit, the annual potential savings 6 

with a payback under 6, 8, or 10 years drops by 100%, 25%, 29%, 7 

respectively. With a 5-cent baseline credit, annual potential savings drops by 8 

59% at a 6-year threshold. Only with a 10-cent baseline credit do we see that 9 

the annual potential savings is the same or greater at each payback threshold.  10 

 11 

431 

2,888 

0 16 1 
139 

0

813 

0 

3,327 

0 

500 

1,000 

1,500 

2,000 

2,500 

3,000 

3,500 

Under 10 years Under 12 years 

Simple Payback Threshold (Years)

PG&E Current E6 (1/14) 

PG&E Proposed TOU 2018 (2 TOU Periods, 1:1.3 Ra o, No Baseline Credit)
Example PG&E Rate (3 TOU Periods, 1:1.5:2 Ra o, No Baseline Credit)
Example PG&E Rate (3 TOU Periods, 1:1.5:2 Ra o, 5¢ Baseline Credit) 
Example PG&E Rate (3 TOU Periods, 1:1.5:2 Ra o, 10¢ Baseline Credit) 



 
TESTIMONY OF JAMES BARSIMANTOV ON BEHALF OF SIERRA CLUB 

PAGE 37 

Figure 17.  Annual potential energy savings from AC upgrades at 6-, 8-, and 1 
10-year payback thresholds in PG&E territory.2 
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Figure 18. Annual potential energy savings for water heater upgrades at 1-, 1 
2-, and 3-year payback thresholds in PG&E territory. 2 

 3 

 4 
 5 

Figure 19. Annual potential energy savings for LED retrofits at 1.5-. 2-, and 6 
2.5-year payback thresholds in PG&E territory. 7 
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Q Why is it important for TOU rates to incorporate a meaningful baseline 1 

credit? 2 

A. A baseline credit has a significant effect on the payback periods for energy 3 

upgrades.  I assume that a baseline credit larger than 10 cents would not be 4 

reasonable due to issues of customer acceptance and large differentials 5 

between baseline and non-baseline usage. My results show that a similar rate 6 

without a baseline credit, or with a baseline credit of 5 cents, would drastically 7 

reduce the potential energy savings available at low payback times.  A 10-cent 8 

baseline credit is necessary to maintain reasonable payback periods.   9 

 10 

In addition, a baseline credit in TOU rates helps avoid potential perverse 11 

incentives to increase electricity consumption during off-peak periods by 12 

providing a price signal that encourages customers to maintain overall lower 13 

electricity usage.  For example, without a baseline credit, a customer could 14 

use excessive electricity during off-peak periods and pay a low rate. In 15 

addition, baseline credits also meet rate design principles of affordable 16 

electricity for basic needs, which will improve customer acceptance. In 17 

general, tiered rates encourage the highest use customers to reduce usage, 18 

while TOU rates encourage load shifting.  Incorporating both of these 19 

principles in TOU rate design will lead to optimal results.  20 

 21 

Q. Did you specifically analyze the impact of incorporating baseline credits 22 

into the Utilities’ proposed TOU rates?    23 

A. Yes. I conducted a series of analyses using the same models described above. 24 

For this analysis, I designed rates to isolate the impact of baseline credits in 25 

TOU rates. Since the Utilities� proposals combine proposals for TOU 26 

differentials and baseline credits, I created rates using the same TOU 27 

differentials that the Utilities propose with differing baseline credits.28 

 29 

Q. What were your findings for impacts of integrating baseline credits to the 30 

Utilities’ proposed TOU rates? 31 
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 1 

A.  The negative impact of the Utilities� proposed TOU rates could be mitigated 2 

to some degree by including a baseline credit. For PV, for example, PG&E 3 

proposed TOU rates result in a solar penalty of $4.35 for customers with a 4 

current payback of fewer than 10 years. This solar penalty is almost halved (to 5 

$2.45) with a 10-cent baseline credit, and is $3.30 with a 5-cent baseline 6 

credit. For air conditioner upgrades, under current PG&E TOU rates, 30% of 7 

the total annual potential energy savings for this upgrade has an 8 year 8 

payback or less. Under proposed PG&E TOU rates, only 2.6% of annual 9 

potential savings has a payback of less than 8 years. However, if a 10-cent 10 

baseline credit is added to the proposed PG&E TOU rate, 26.5% of total 11 

annual potential savings has a payback of 8 years or under. With a 5-cent 12 

baseline credit, only 11.3% of total annual potential savings has a payback of 13 

8 years or under. For LEDs, customers who see a payback in between 1 and 14 

1.5 years under current PG&E TOU rates will see their paybacks increase by 15 

an average of 0.75 years under proposed PG&E TOU rates. However, with a 16 

10-cent baseline credit the increase is 0.18 years, and with a 5-cent baseline 17 

credit the increase is 0.51 years. Additional results can be found in Appendix 18 

B. 19 

 20 
Q. Should time-of-use rates be default for all three utilities? 21 

A. Yes.  TOU rates, with a sizable baseline credit and appropriate transition, 22 

should be default for all three utilities.  TOU rates are a better representation 23 

of the cost of service and marginal cost than tiered (non-TOU) rates, and can 24 

improve conservation incentives when properly designed.  TOU rates provide 25 

price incentives that encourage customers to lower their bills through shifting 26 

or reducing load in a manner that reduces system costs.  TOU rates may add 27 

potential complexity, but can be qualitatively understood by customers 28 

through outreach and education.  In order to avoid confusion and customer 29 

acceptance problems with default TOU rates, the transition to default TOU 30 

rates should be gradual. The transition should also be combined with robust 31 
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customer education and outreach about TOU rate structures and the potential 1 

to reduce bills by reducing peak usage. Bill protection mechanisms should be 2 

included for all customers during a transition period, along with 3 

accommodations for low-income customers and medical needs.   4 

 5 

 If TOU rates are not default, then participation will be low, as is currently the 6 

case with the Utilities existing TOU rates. Indeed, program participation rules 7 

are critical in demand response programs, especially given that most voluntary 8 

(opt-in) programs have had low participation (Alexander 2010).  Faruqui and 9 

Sergici (2009) suggest that effectiveness of a voluntary program would be half 10 

to one tenth that of a default program.  11 

12 

Therefore, I recommend a strong outreach, education, and enabling device 13 

program to accompany transition to a new rate design. The program should 14 

integrate bill protection with education on how customers can choose to 15 

reduce or shift peak load.  Given the importance of maximum and sustained 16 

participation in a time variant rate structure, the Commission should consider 17 

default enrollment into the TOU rate for each utility.  I also recommend 18 

access to a range of enhanced demand response programs for customers in the 19 

new TOU rate design to encourage customers to remain on the TOU rate and 20 

to avoid customers opting-out and gaining a cross-subsidy through the use of 21 

cheaper peak electricity under tiered rates.   22 

 23 

Q. Based on your evaluation of the utilities’ proposed rates and your 24 

proposed rates, what are your overall conclusions?  25 

A. The Utilities� proposed rates would significantly impair customer adoption of 26 

energy upgrades, including energy efficiency and solar PV generation.  In 27 

particular, reducing tier differentials or implementing a customer charge 28 

increases payback periods in most cases beyond the point of customer 29 

financial feasibility for the energy upgrades I tested, specifically (1) solar PV, 30 

(2) a SEER 18 air conditioner installation instead of a SEER 14, (3) replacing 31 



 
TESTIMONY OF JAMES BARSIMANTOV ON BEHALF OF SIERRA CLUB 

PAGE 42 

all light bulbs with LED bulbs, and (4) replacing an electric resistance water 1 

heater with an efficient electric heat pump.    My proposed alternative rates 2 

maintain comparable incentives for conservation and efficiency by adopting a 3 

1:1.5:2 tiered rate differential and a 10 cent baseline credit within TOU rates, 4 

maintaining incentives for customers to conserve energy by adopting energy 5 

efficiency and solar upgrades.   6 

7 

Q. Does this conclude your testimony? 8 

A. Yes. 9 

10 

  11 
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APPENDIX A: METHODOLOGY1 

Distributed PV Model 2 

3 

I used a standard methodology to compute simple payback periods of net metered 4 

residential distributed PV systems installed in the service territories of the Utilities to 5 

evaluate current rates, rates proposed by the Utilities, and a variety of alternate rates 6 

to demonstrate the impact of rate design on potential adoption of residential 7 

distributed solar PV.  8 

 9 

To calculate the simple payback period for each customer under any rate input, I 10 

computed bills under each rate tested for each customer in the PG&E customer 11 

sample data, and for binned data for SCE customers. For simplicity and to focus on 12 

variables of interest, no rate escalation is assumed in the model, and I assume no 13 

annual increase or decrease in consumption since either would be difficult to justify.  14 

 15 

I then calculate the total cost of owning and operating a distributed PV system. PV 16 

modules, currently costing about $1 per watt15, make up about 20 percent of the total 17 

cost of a small scale residential solar PV system in California, while the balance is 18 

made up by system components, installation, operation and maintenance. The total 19 

cost I calculate is comprised of: the cost per installed Watt of PV modules, the 20 

number of modules needed to produce enough electricity to satisfy 100% of 21 

household demand16, an inverter replacement at 10 years (estimated at $2000), and 22 

the 30% federal Investment Tax Credit. I also include a 1% annual degradation rate in 23 

PV electricity generation, which results in increasing purchased electricity costs over 24 

15 PVinsights Solar Panel/Solar Module 120 W+ Weekly Retailer Price average of all brands 
was $1.03 per watt on Sept 8, 2014, The average retail price of non-Chinese solar modules 
was $1.09 per watt, while Chinese brands�which are subject to import tariffs in the U.S.�
averaged $0.97 per watt. Retail prices provide an appropriate measure of cost for small 
volume purchases, which is most likely to be applicable for residential solar PV installations. 
http://pvinsights.com/RetailerPrice.php 
16 System sizing in California is driven by the NEM tariff, not best practice, which would be 
to maximize utilization of roof space rather than size according to household demand. This is 
part of why installation costs in CA are more expensive than in Germany. 
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the life of the panels, and therefore additional costs. I assume no California Solar 1 

Initiative rebate, since this program will not be providing rebates in the future. As far 2 

as other incentive programs, the New Homes Solar Partnership is still operating, and 3 

low income programs have a new funding cycle, however, I am not analyzing these 4 

markets, so potential rebates are not included.  5 

 6 

Computing a PV system size to satisfy household demand requires computing the 7 

annual energy production of PV modules, which varies by climate zone based on the 8 

amount of solar insolation the area receives. The greater the solar resource, the 9 

smaller the system required to balance energy demand. To account for this variation 10 

we computed solar insolation in kWh/kW using the National Renewable Energy 11 

Laboratories PVWatts2 Calculator. We calculated values for reference cities using 12 

default values for panel efficiency, aspect and tilt, and matched these values to the 13 

county and climate zone of each customer in the sample data.  14 

 15 

The model assumes an installed system cost of $5.00/Watt. The California Solar 16 

Initiative data for a 1-year rolling average as of March 31, 2014, for residential 17 

systems less than 10kW, under all ownership types was $5.80 per Watt. The rolling 18 

average method uses prices for projects installed over the previous year up that date; 19 

the prices from this method reflect bids from several months prior to installation, 20 

making this a lagging indicator of price. A more accurate reflection of current prices 21 

is provided by looking at the date of new applications, excluding projects that have 22 

been cancelled or otherwise dropped out of the rebate program.  The California Solar 23 

Initiative data for 2013 showed new active residential applications <10kW averaging 24 

$5.62/Watt, and for 2014 the value is $5.23/Watt. I assumed a lower price of 25 

$5.00/Watt since the price of installed PV has continued to decline over the past year.  26 

 27 

Because there is uncertainty over future PV installed costs, and to illustrate the effect 28 

of continued decreasing prices in the future, I included a sensitivity analysis of the 29 

price of solar in Appendix 2 to show that modifying assumptions would not alter my 30 

overall conclusions, since these assumptions do not impact the relative impact of rate 31 
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scenarios on the incentive to install DG PV. Furthermore, the expiration of the federal 1 

solar investment tax credit in 2017�if it is not extended by Congress�would mostly 2 

or entirely offset the effect of lower solar PV prices in 2018. 3 

 4 

To calculate the simple payback for any customer under any rate input, I take the total 5 

cost of the PV system divided by the customer�s total bill, since this is equivalent to 6 

projected savings. The result is the simple payback period, in years, for each 7 

customer.  8 

 9 

I have also conducted this analysis in the past using a net present value calculation 10 

and a discounted payback. However, I found that this approach too sensitive to the 11 

discount rate and finance rate, and to focus on more certain parameters, I used the 12 

simple payback as the core metric. As a result, both the expense of financing on the 13 

cost side and escalation of utility rates on the benefit side are excluded, which to 14 

some extent offset each other. 15 

 16 

All results are then weighted to the population of customers in the Utilities� territory. 17 

For PG&E data, I do this by multiplying customer by the weight provided in the 18 

sample data, which was provided by PG&E in their bill calculator. For SCE data, I 19 

multiply each row by the average number of customers in each bin, which was 20 

provided by SCE.  21 

 22 

PV Sensitivity Analysis 23 

My analysis uses a cost per installed watt of $5.Here, I present results at $4, since the 24 

price of solar may continue to decline. In addition, since the federal Investment Tax 25 

Credit may likely not exist in 2018, I modeled a $4 cost/watt that does not include 26 

this subsidy.  27 

 28 

In general,  I find that while changing the cost per watt changes the magnitude of 29 

results, it does not in any way alter my conclusions. Specifically, at $4/Watt, current 30 

rates would begin to provide some potential energy savings with a payback less than 31 
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Air Conditioning 1 

I selected air conditioner (AC) upgrades as one of the focal energy upgrades because: 2 

(a) the literature shows that households in hotter climates and households with AC 3 

have higher elasticities under dynamic pricing schemes; and (b) AC units consume a 4 

large portion of household electricity.  5 

 6 

Our model first determined which customers in the sample data are likely users of AC 7 

units, based on cooling degree days (CDD) of a representative city matched to the 8 

county and climate zone given in the customer sample. For these customers, an AC 9 

unit was sized based on household square footage, which was available in the PG&E 10 

customer data. For SCE data, we estimated household square footage based on an 11 

average baseload kWh/ft2 value derived from PG&E customer data from 2011.  This 12 

is appropriate because baseload (estimated at the 15th percentile17) is largely driven by 13 

the number of people in a household, thus it is reasonable to assume baseload kWh/ft2 14 

is roughly the same across all California climate zones. This average is then divided 15 

by the average monthly use for each customer bin.  Yearly kWh needed to run an AC 16 

of varying Seasonal Energy Efficiency Ratio (SEER) values (a standard rating of AC 17 

efficiency) was computed based on CDD at 75 degrees and an assumption that AC 18 

units are used during 75% of CDD at base 75 degrees.18 19 

 20 

Our calculation is based on the scenario in which a customer replaces an AC unit at 21 

end of life. It is not common for customers to replace AC units with higher efficiency 22 

units before end of life, and therefore our calculation estimates the simple payback 23 

period of replacing an AC unit with minimum Title 24 standard (SEER 14), versus a 24 

                                                 
17 This is calculated from "first principles": (1) Baseload is isolated on monthly electric bills 
during the shoulder seasons (the two months in the spring and fall, when no heating or 
cooling is required). (2) Four months is 30% of the year. (3) The median shoulder season bill 
is more representative than the average since it excludes vacations, etc. (4) the median of the 
30th percentile is the 15th percentile. 
18 This is a conservative estimate based on information in the 2009 California Residential 
Appliance Saturation Study: http://www.energy.ca.gov/2010publications/CEC-200-2010-
004/CEC-200-2010-004-ES.PDF.  
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high efficiency AC unit (SEER 18)19. We also tested model runs under SEER 16-19 1 

scenarios, and results were not qualitatively different.  2 

3 

Under this scenarios, we computed costs of running both the low and high efficiency 4 

units by allocating costs to the highest tier of usage of a given customer, assuming 5 

that 35% of AC usage is at the summer peak rate, and 30% is at the summer/winter 6 

part-peak rate, and 35% is at the summer/winter off peak rate.20  AC system costs for 7 

various SEER ratings were compiled from NREL�s National Residential Efficiency 8 

Measures Database. In addition, I assume that, since an AC unit is large purchase, 9 

customers would attain the rebates available from the Utilities. Because PG&E 10 

rebates no longer directly rebate AC units, and rebates are instead based on a whole 11 

house retrofit model, I estimated rebates based on the average AC rebates for SCE, 12 

which has direct rebate values according to SEER. 13 

 14 

These calculations were used to compute the payback period for a higher efficiency 15 

unit for each customer (or customer bin in the SCE data) in the sample living in a 16 

climate zone that would likely have an AC unit, as well as the cumulative weighted 17 

kWh with a positive return under varying payback periods. In a similar fashion to our 18 

analysis of DG PV, several assumptions were necessary to arrive at our conclusions, 19 

and while discussion around these assumptions could improve accuracy of results, our 20 

conclusions would remain unchanged since our model does an excellent job of 21 

comparing relative impacts on energy efficiency behavior across various rate 22 

scenarios, rather than predicting an exact outcome of any one scenario. In addition, 23 

some updates to our AC model were implemented since Sierra Club submitted 24 
                                                 
19 The Seasonal Energy Efficiency Ratio (SEER) is a common measure of air conditioner 
efficiency. The SEER rating is the cooling output during a typical cooling-season divided by 
the total electric energy input during the same period. Higher SEER rates mean that the unit is 
more efficient.  
20 This is an estimate based on data from the National Climate Data Center for reference cities 
in climate zones where cooling is required. www.ncdc.noaa.gov/cdo-web/. Assuming a 
higher percentage of on-peak usage may be justified, however, this would also increase 
savings from the upgrade under TOU rates with greater differentials. For this reason, we 
chose a conservative assumption. 
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opening comments in July, 2013. These improvements, which included updated AC 1 

unit costs and more accurate estimates of cooling loads, enhance the reliability of our 2 

results.  3 

 4 

Energy Efficient Lighting5 

I selected energy efficient lighting as one of the focal energy upgrades because: (a) it 6 

is a relatively low payback item, and thus can provide some contrast to AC and (b) 7 

lighting consumes a large portion of household electricity. I built a model that outputs 8 

financial metrics and energy savings for various energy efficient lighting upgrade 9 

scenarios under current and proposed rate structures. The following methodology was 10 

applied to the PG&E customer data sample, as well as the SCE aggregated data.  11 

 12 

For consistency and due to lack of specific data on each household�s lighting, I made 13 

certain assumptions and applied them to all households. In the base lighting 14 

technology distribution scenario, we assume that 20% of bulbs are CFL and 80% are 15 

incandescent in all sample households.21 The number of bulbs and sockets in sample 16 

households was estimated using a standard home lighting requirement of 200 lux and 17 

household square footage taken from the data sample. From this information, the 18 

maximum number of sockets was calculated to meet lighting requirements using 19 

100% incandescent lighting, assuming all sockets are in use. Lighting efficacy and 20 

power rating of incandescent bulbs and CFL as listed in Table 1. 21 

 22 

Next, the model calculates the amount of energy consumed for lighting in the base 23 

scenario using lighting requirements and an assumed usage of 1.9 hours/day for 30 24 

days per month. The model then calculates energy usage for a lighting upgrade 25 

scenario, based on the percent of bulbs replaced with CFLs, LED, or Halogen 26 

Incandescent bulbs defined by the user, assuming no sockets are left empty. Energy 27 

consumption for lighting in the upgrade scenario is based on lighting requirements 28 

                                                 
21 Distribution of Household CFL Saturation (California). Figure 9, Energy Star CFL Market 
Profile � Data Trends and Market Insights. 
http://www.energystar.gov/ia/products/downloads/CFL_Market_Profile_2010.pdf 
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and usage inputs from the base scenario, and standard bulb power ratings for CFLs, 1 

LEDs, and Halogen Incandescents. In order to present a scenario consistent with 2 

simple future household retrofits, we present results only for a switch to 100% LED 3 

bulbs.  4 

 5 

Energy savings are determined by subtracting upgrade scenario results from base 6 

scenario results. Financial savings are calculated by first reconstructing the 7 

customer�s total base scenario bill from the input rate structure and monthly tiered 8 

energy usage. Next, the new customer bill after the lighting upgrade is reconstructed 9 

using the input rate structure and the net monthly tiered energy usage, where energy 10 

savings are deducted from the highest tier first and then the next-lowest tier until all 11 

savings have been applied. Financial saving are the difference between these two 12 

bills, including the avoided cost of bulb replacement, based on their respective useful 13 

life as listed in Table 1. 14 

 15 

The cost of the lighting upgrade scenario is calculated using cost data in Table 1, and 16 

the final result is given by using energy savings, financial savings, and upgrade costs 17 

to calculate the simple payback period. 18 

19 

Table 1: Lighting Assumptions 20 

Bulb Cost ($)

Useful Life

(months)

Power Rating

(W)

Lighting Efficacy

(lumens/W)

CFL $2.00 198.00 13 65

Halogen

Incandescent $1.49 18.00 43 17

LED $12.97 274.00 9.5 84

Old Incandescent $1.85 18.00 60 14

21 
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Electric Water Heaters 1 

I selected a retrofit to a heat pump water heater as one of the focal energy upgrades 2 

because: (a) it is a relatively uniform that could be applicable to a high percentage of 3 

electric-only customers, and (b) for these customers, water heating consumes a large 4 

portion of household electricity. I built a model that outputs financial metrics and 5 

energy savings for various models of heat pump water heaters scenarios under current 6 

and proposed rate structures. The following methodology was applied to the PG&E 7 

customer data sample, as well as the SCE aggregated data.  8 

 9 

First, customers within the sample who have the option to use natural gas water 10 

heaters were filtered out, and only customers within the sample who must use electric 11 

water heaters were included. This was done based on the customer�s categorization as 12 

�electric only� in the data provided by PG&E and SCE. In PG&E territory, this 13 

resulted in a studied sample size of 1,315 PG&E customers. 14 

 15 

In the base water-heating scenario, we assume households have an electric resistance 16 

water heater (ERWH) with an efficiency factor (EF) of 0.9 and cost of $296.9922. 17 

Monthly energy usage for electric water heating is calculated as a product of the 18 

number of people in a household23, their daily usage, with each person using 4.98 19 

kWh per day for heating water, and the EF of the base ERWH.24 20 

21 

Next, the model calculates energy usage for a water heater upgrade scenario, based on 22 

the EF of the respected heat pump water heater in Table 2. Energy savings are 23 

determined by subtracting upgrade scenario results from base scenario 24 

results.  Financial savings are calculated by first reconstructing the customer�s total 25 

22 Pricing and model based on a typical 50-gallon water heater sold in the Bay Area. Lowes, 
Home Depot, and Sears websites accessed December 29, 2013. 
23 The household population was calculated using house size data in the sample, where it is 
assumed a 1,000 sq ft home has one bedroom, and each additional 200 sq ft is an additional 
bedroom.  The population of the household is assumed to be the number of bedrooms plus 
one. 
24 Daily Usage = V * w * T = Q = 30gal * 8.33 lbs/gal * 68°F = 16993.2 Btu = 4.98 kWh 
per person per day, 
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base scenario bill from the input rate structure and monthly tiered energy 1 

usage.  Next, the new customer bill after the water heater upgrade is reconstructed 2 

using the input rate structure and the net monthly tiered energy usage, where energy 3 

savings are deducted from the highest tier first and then the next-lowest tier until all 4 

savings have been applied.  Financial savings are the difference between these two 5 

bills. 6 

 7 

The cost of the water heater upgrade scenario is calculated using cost data in Table 2, 8 

and the final result is given by using energy savings, financial savings, and upgrade 9 

costs to calculate various metrics. I modeled results using each of these water heater 10 

models and, for simplicity, chose to present results from the model with the highest 11 

efficiency factor (Stiebel Eltron Accelera 300 80-Gal).    12 

 13 

Table 2.  Water Heater Assumptions2514 

Water Heater Models Cost EF

Rheem HP50RH $1,199.00 2

Stiebel Eltron Accelera 300 80 Gal $2,399.00 2.51

GE GeoSpring $1,023.74 2.35

15 

25 Home Depot and Sears Websites, accessed December 29, 2013. 
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APPENDIX B: ADDITIONAL CHARTS AND ANALYSIS

Section IV(A): Impact of Proposed Rates on Distributed PV 1 

These two tables summarize the average increase in payback period for distributed 2 

PV for select customers under the Utilities� proposed rates.   3 

 4 

The customers are divided into groups based on their current payback time for a PV 5 

system under existing rates.  I selected the 10- and 12- year thresholds for analysis in 6 

order to capture a sizable percentage of the total usage, in this case over 15% under 7 

current PG&E tiered rates, 30% under current SCE tiered rates, and over 33% under 8 

current PG&E TOU rates. I use this approach throughout this analysis to select 9 

thresholds for analysis for the different upgrades analyzed. 10 

 11 

Table A. Change in PV payback period resulting from proposed tiered rates for customers 
with a current payback of less than 10 and 13 years under PG&E Tiered Rates (E1). 

Simple Payback

Threshold Under

Current Rates

Tiered Rates

Percent of

Residential Usage

(Current)

Average Payback (Yrs)

PG&E Current E1

(1/14)

PG&E Proposed

Tiered 2018

<10 Yrs 6.9% 9.3 14.0

10 12 Yrs 15.7% 11.6 14.8

Table B. Change in PV payback period resulting from proposed tiered rates for customers 
with a current payback of less than 10 and 12 years under SCE Tiered Rates. 

Simple Payback

Threshold Under

Current Rates

Tiered Rates

Percent of

Residential Usage

(Current)

Average Payback (Yrs)

SCE Current Tiered

(7/14)

SCE Proposed Tiered

2018

<10 Yrs 9% 9.5 13.0

10 12 Yrs 21% 11.1 13.5

Table C. Change in PV payback period resulting from proposed TOU rates for customers 
with a current payback of less than 10 and 13 years under PG&E TOU Rates (E6). 

Simple Payback

Threshold Under

Current Rates

TOU Rates

Percent of

Residential Usage

(Current)

Average Payback (Yrs)

PG&E

Current E6

(1/14)

PG&E

Proposed

TOU 2018

SDG&E

Proposed

TOU 2018

<10 Yrs 1.1% 9.7 14.6 12.4

10 12 Yrs 33.2% 12.0 15.1 14.2

12 
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These tables provide additional support for my testimony that the Utilities� proposed 1 

rates will cause payback periods for PV generation to increase by 3 to 4 years for the 2 

group of customers who currently could pay off their PV systems the quickest. 3 

4 

Section V:  Changes to Payback Periods Due to Fixed Charges or Tiers 5 

6 

Because the Utilities propose both changes to volumetric rates and the addition of a 7 

fixed customer charge, I analyzed the effect of each of these two changes 8 

individually.   9 

 10 

First, I isolated the impact of the proposed fixed charges.  As discussed in my 11 

testimony above, I found that the fixed charge accounted for roughly 30% of the 12 

changes to payback periods under PG&E�s proposed tiered rates for customers who 13 

currently have the shortest paybacks.  Another way to look at the impact of the fixed 14 

charge is to compare it to current rates.  In SCE territory, adding a fixed charge to 15 

current tiered rates would decrease the annual potential energy savings associated 16 

with air conditioner upgrades at low payback periods.    17 

18 

Figure A. Potential annual energy savings from AC retrofit at increasing payback periods 19 
under SCE current and proposed tiered rates with fixed charges.  20 

 21 

I also isolated the impact of the Utilities� proposed tier designs to understand how the 22 

new tier structure, on its own, impacted the economics of energy efficiency upgrades.  23 
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I created hypothetical rates using the proposed tiered designs, but without the 1 

proposed fixed charges.  2 

 3 

For PG&E�s tiered rates, the tier design on its own accounts for about 70% of the 4 

impacts of the proposed rates for customers who currently see the shortest paybacks:  5 

for example, for the cohort of PV customers who could currently repay their systems 6 

in under 10 years, 3.3 years of the total 4.7 year average increase in payback period 7 

would be due to the new tier structure.  For the next cohort of customers (who repay 8 

their systems in 10-12 years, the tiers account for 2.1 years of the 3.2 year total 9 

increase, or about 65%.  The changes to tiers alone are responsible for a proportionate 10 

share of the total solar penalty due to the new rates (Table D).   11 

 

Table D.  Change in PV payback period and “solar penalty” resulting from proposed tier 
design under PG&E current and proposed tiered rates. 

Simple Payback

Thresholds

Under Current

Rates

Percent of

Residential

Usage

Average Payback (yrs)

Solar Penalty

($/W)
PG&E Current

E1 (1/14)

PG&E Proposed

Tiered, without

customer

charge)

<10 yrs 6.9% 9.2 12.5 $2.00

10 12 yrs 15.7% 11.1 13.2 $1.10

12 

I also conceptualized the impact of the proposed tiers in terms of the total annual 13 

amount of energy savings potential associated with the most economically viable PV 14 

systems (i.e., a system with a payback period under 10 or 12 years).   The new PG&E 15 

tier design (excluding proposed customer charges) eliminates almost all the potential 16 

energy with a 10 year payback or less (reducing the figure from 2,000 GWh to 49 17 

GWh) (Figure B).   The results are very similar for customers in SCE territory: while 18 

currently 9,000 GWh of energy is associated with PV systems with a payback under 19 

14 years, under SCE�s proposed tier design, this potential savings is cut to zero 20 

(Figure C).  21 
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Figure B.  Potential annual energy savings for distributed PV at 10- and 12-year payback 
thresholds under PG&E current and proposed tiered rates without fixed charges 

 

Figure C.  Potential annual energy savings for distributed PV at 12- and 14-year payback 
thresholds under SCE current and proposed tiered rates without fixed charges 

 

 1 

For energy efficiency upgrades, my results similarly indicated that the changes to tier 2 

design, standing alone, had more of a detrimental impact on payback period than did 3 

a fixed charge on its own.  For example, I report earlier in my testimony that PG&E�s 4 

proposed tier rates would eliminate the possibility of installing an air conditioner with 5 

a payback period of less than 6 years.  My modeling shows that the changes in tier 6 

structure, standing alone, are sufficient to cause this outcome (Figure D).  Customers 7 

that can currently finance an AC upgrade in 6 years or less would have payback 8 

periods lengthened by an average of 3.2 years, effectively extending the payback time 9 

of their system by half.   10 
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Figure D. Potential annual energy savings from AC upgrade at 6-, 8-, and 10-year payback 
periods under PG&E current and proposed tiered rates, without fixed charge.  

 

 1 

Baseline Credit Analysis 2 

As I discuss earlier in my testimony, my analysis demonstrates that a 10-cent baseline 3 

credit is important to maintain the incentive to make energy efficiency upgrades.  In 4 

this section, I will present additional analysis I performed that isolated the impact of 5 

baseline credits.   6 

 7 

When a 10-cent baseline credit is added to PG&E�s proposed TOU rate, the change to 8 

payback periods caused by the proposed rate is cut almost in half.  The payback 9 

period for PV systems in the less-than-10-year payback group would only increase by 10 

2.3 years, instead of the 5.2-year increase that would occur if there were no baseline 11 

credit.  The solar penalty associated with the change in rates is also almost halved, 12 

from $4.35 with no baseline credit to $2.45 with a baseline credit.  While the new 13 

TOU rates still reduce the economic attractiveness of a PV system, including a 10-14 

cent baseline credit does partially compensate for the change in rate structure (Table 15 

E).   16 
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Table E. Payback threshold and solar penalty for distributed PV under PG&E proposed TOU 1 
rates with varying baseline credits 2 

3 

4 

I found baseline credits to similarly moderate the new rates� detrimental impact on 5 

payback periods for energy efficiency upgrades.  For example, under current PG&E 6 

TOU rates, 30% of the total annual potential energy savings for this upgrade has an 8-7 

year payback period or less.  Proposed TOU rates would cut this figure to 2.6%, but   8 

if a 10-cent baseline credit is added to the proposed rate, that percentage is increased 9 

to 26.5%.  A 5-cent baseline credit has a similar, but smaller, moderating impact 10 

(Figure E).  In terms of the increase in average payback period, PG&E TOU 11 

customers who payback their air conditioners in 6 years or less would see their 12 

payback period increase by an average of 3.7 years under proposed TOU rates, 2.4 13 

years with a 5-cent baseline credit, and only 1.5 years with a 10-cent baseline credit.    14 

 15 

Figure E.  Annual potential energy savings for AC retrofit at 6-, 8-, and 10-year payback 16 
thresholds under PG&E proposed TOU rates with varying baseline credits  17 

 18 

19 

Similarly, with LEDs, adding a 10-cent baseline credit increases the potential for 20 

LED upgrades with a payback period under 2.5 years:  PG&E�s proposed TOU rate 21 
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eliminates all potential energy savings with a payback under 2.5 years, but adding a 1 

10-cent baseline credit to the proposed rate halts the decline in potential energy 2 

savings at approximately 2,000 GWh (Figure F).  A smaller, but still significant,  3 

amount of energy savings are retained with a 5-cent baseline credit.   In terms of the 4 

increase in payback periods, customers with current payback periods for LED 5 

upgrades between 1 and 1.5 years will see their paybacks increase by an average of 6 

0.75 years under proposed PG&E TOU rates but only by 0.2 years with a 10-cent 7 

baseline credit and 0.5 years with a 5-cent baseline credit. 8 

 9 

Figure F.  Annual potential energy savings for an LED retrofit at 1.5-, 2-, and 2.5-year 10 
payback thresholds under PG&E proposed TOU rates with varying baseline credits 11 

 12 

13 

My results lead me to recommend that any redesigned TOU rates should include a 14 

baseline credit to effectively incentivize energy upgrades, and that a 10-cent baseline 15 

credit will be much more effective at this task than a 5-cent baseline credit.16 
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