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Table 2
Analysis of TOU-S Revenue Differentials to Standard Tariff
Spring Summer Fall Winter Full
2016 2016 2016 2016117 Year

Pilot Participant Consumption

TOU Period 150,994 179,785 178,619 167,537 676,935

Other Hours 397,606 480,261 489,774 446,086 1,813,727

Total 545,080 649,014 644,805 604,800 2,443,699
Energy Rates

Standard Tariff $0.2999 $0.3224 $0.3269 $0.3296 $0.3204

TOU-S $0.2246 $0.2415 $0.2449 $0.2466 $0.2399
Actual Revenues

Customer Charge* $9,125 $10,821 $10,821 $10,821 $41,589

TOU Period 33,918 43,418 43,737 41,313 162,386

Other Hours | 119,294 154,839 160,091 147,034 581,259

Total $160,642  $203991  $209,563  $194,080 $768,276
Hypothetical Revenues Under
Standard Tariff

Customer Charge $9,125  $10,821 $10,821 $10,821 $41,589

TOU Period 45290 57,969 58,394 55,222 216,875

Other Hours 119,294 154,839 160,091 147,034 581,259

Total $170928  $214,999  $216534  $205,081 $807,542

Difference (Under-collection) (811.372)  ($14,551)  ($14,657)  ($13,909) ($54,489)

Percent Difference
TOU Period Revenue -25.1% -25.1% -25.1% -25.2% -25.1%
Total Revenue -6.5% -6.5% -6.4% -6.5% -6.5%

3. Data which aggreyates total participant usage, including the average total ddily participant
usage and the underlying data files.

A spreadsheet entitled “KIUC TOU Pilot Data_Final Evaluation Report.xlsx” has been provided
in the enclosed CD-ROM and contains data regarding daily usage by participant and control
group and the underlying hourly load data by participant.

4. Data which illustrates participants’ load curve prior to and during the pilot program.

The charts provided in Attachments 2-3 depict average load profiles for Pilot participants and
a control group for each seasonal period of the Pilot Period (Feb 14, 2016 through Feb 28,
2017) versus load profiles of the same customer/members during the Pre-Pilot Period
(approximately February 2015 through mid-February 2016). In order to provide an indication
regarding the variability of load profiles and differences that might be attributed to the Pilot,

* Revenues from customer charges have been estimated for this purpose.
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charts are provided for varying strata of customer/members, as shown below, based on
average monthly billed consumption during 2015.

* low Strata: 0-450 kWh/month
e Medium Strata: 451-800 kWh/month
e High Strata: Above 800 kWh/month

Based on a review of the data depicted in the charts, nFront Consulting and KIUC have
concluded the following:

e Consumption on a weather-normalized basis appears to have increased somewhat
over 2015-2016, particularly for the Control Group. This is most evident for the high
strata. While the drivers of this trend are uncertain at this time, it appears that the
decrease in the average cost of electricity over the last several months is a significant
factor. As discussed in a previous section of this report, the implied price of electricity
to the residential class has declined by approximately 24 percent over 2014-2015.
Based on reflecting the estimated price elasticity of -0.1, this price decrease has likely
been responsible for approximately a 2.9% increase in energy consumption overall
for the residential class, excluding customers with on-site generation.® Anecdotally,
KIUC believes that there has been an increase in air conditioning saturation, which
may also be a driver.

e The trend of increased consumption noted above is more evident for the Control
Group than the Participant Group. This may be a function of a greater awareness of
consumption among the Participant Group than the Control Group, resulting in efforts
to reduce consumption in ways that perhaps impacted both the non-solar hours and
solar hours, while still reflecting efforts to shift consumption toward the solar hours.

e The Participant Group load profiles exhibit a discernably higher consumption level,
particularly on a weather-normalized basis, during and surrounding the Solar Hours
relative to differentials for other hours across all strata.

Underlying and additional data has been provided for item #3 above.

5. Data of the participant’s usage patterns after the program pricing has been terminated to
evaluate the lasting power of behavior modification and energy consumption of
participants.

As the Pilot only concluded in February 2017, KIUC and nFront Consulting have determined
that enough post-Pilot data is not yet available to make a reasonably robust analysis in this
regard. nFront Consulting suggests that such a determination would require at least several

® As detailed elsewhere herein, price elasticity was estimated based on several years of KIUC residential billing data
and an approximate implied retail cost of electricity and reflects the influence of changes in this cost on a 24-month
moving average basis. it is likely representative of short-run impacts only. The impacts of changes in prices are likely
somewhat greater over longer periods.

kiuc tou pilot - final evaluation report_v8.docx nFront Consulting LLC
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months of post-Pilot experience. KIUC intends to initiate such an analysis once data through
at least August 2017 is available. KIUC will provide information regarding persistence of
impacts on participant usage patterns no later than November 30, 2017.

6. Data on the impact on the need to curtail energy from PV resources.

As discussed above, KIUC has been frequently required to curtail generation from KIUC's solar
resources, resulting in up to several MWh per hour of potential energy being lost. One aspect
of the TOU-S Pilot was to determine whether lower electricity prices during the peak solar
generation period could have a noticeable impact on curtailment events. Based on the results
of the Pilot Analysis, we have estimated an average impact on customer loads during the Solar
Hours of approximately 0.06 kW per participating customer. Hence, for the entire original
Pilot participant group of approximately 350 customers, we estimate that system load during
the Solar Hours was approximately 21 kW higher than without the Pilot.

While it is conceivable that a much larger pool of customers could be convinced to optinto
such a program, even if the program ultimately reflected higher rates during the non-solar
hours, KIUC and nFront Consulting do not think that the system load impacts would be
sufficiently large to reduce instances and severity of curtailment events in a noticeable way.

Since early 2014, KIUC has recognized that its future mid-day demand would be mostly met
by solar PV resources and therefore sought to develop all future utility-scale solar PV projects
with enough storage to ensure the project would not add to existing curtailment needs. In
early 2017, KIUC commissioned a 13 MW PV generation/ 52 MWh battery system project,
enabling KIUC to control to dispatch of the solar PV output. KIUC expects a second PV plus
storage project, the 20 MW / 100 MWh AES Lawai project, to come online in late 2018. While

“these projects do not resolve the need for mid-day curtailment of solar generation, at a
minimum, they also do not create any new curtailment requirements. KIUC recognizes that
adding new storage resources without accompanying solar PV would better address existing
and future curtailment needs, but the cost of storage alone (i.e., without a Federal ITC and
State Tax Credit qualifying renewable project like solar PV) remains prohibitive.

7. Data on the actual costs KIUC incurs for the pilot program, itemized by the various functions
of the program.

Table 3 below summarizes the costs that KIUC has incurred related to the Pilot over October
2015 through February 2017, the end of the Pilot.
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Table 3
TOU Pilot Costs
COST CATEGORY COST (%)
Administrative $17,437
Marketing 3,573
Evaluation and Reporting 60,823
Incentives 1,631
Total $83,464

8. An assessment of whether any aspect of the pilot program has resulted in higher revenues
for KIUC. If yes, KIUC’s position on whether it should return the incremental revenues to its
customer/members in the form of either patronage capital or some other mechanism.

As discussed above under #2, the Schedule TOU-S energy rates reflect a discount to the
standard tariff during the Solar Hours without a corresponding increase in rates during other
hours. Hence, the Pilot has resulted in lower revenues relative to the actual consumption
that occurred as shown in the answer to #2 above. While it is clear that the Pilot did result in
some shifting of consumption toward the Solar Hours, it does not appear to have increased
consumption overall. The significant drop in the overall cost of electricity just preceding the
Pilot may have impacted our ability to discern any overall increase that was attributable solely
to the Pilot. In addition, it appears that Pilot participants may have otherwise decreased their
overall consumption. Accordingly, the only practical statement that KIUC can make at this
point is that the Pilot has resulted in lower revenues to KIUC for all participants.

9. An assessment of whether a punitive component (i.e., penalty provisions) should be
incorporated as part of Schedule TOU-S.

In this first TOU pilot program, KIUC sought to understand the technical potential for shifting
customer load into, or otherwise increasing energy consumption during, the solar irradiance
period. In order to incentivize these actions, KIUC provided a TOU rate reflecting a 25%
reduction from the standard energy rate. The amount of this rate reduction was based simply
on the assumption that it would be sufficient to encourage customer action. There was no
actual cost basis for setting the rate as such. KIUC's intent was that, if it was determined that
customer action could produce the KIUC-desired technical effects, KIUC would then turn its
attention to determining whether a cost-supported TOU rate schedule that met the “fair,
reasonable, and in the public interest” standard was possible.

Regarding a punitive component of a TOU rate schedule, KIUC has a concern that a punitive
component may result in unnecessarily punishing or penalizing customers that simply do not
have any opportunity for load shifting or increasing energy consumption during the TOU
period, thus resulting in an “unfair” rate. To this end, KIUC believes that a TOU rate schedule
should be linked to the actual cost of service and primarily based on capacity and energy

kiuc tou pilot - final evaluation report_v8.docx nFront Consulting LLC
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10.

related cost avoidance, as opposed to creating a “hammer”. Proper rate design is part of a

more comprehensive cost of service and rate design effort and is beyond the scope of the
Pilot. KIUC anticipates that permanent TOU rates will be considered in conjunction with the
many options for rate design, including rate designs that may combine certain billing

determinants and components to create a total effect of revenue collection with reduced

potential for unintended stranded fixed costs.

Proposed revisions to Schedule TOU-S, if any, with the supporting evidence.

Following the conclusion of the TOU-S Pilot in March 2017, KIUC is not proposing to conduct
a second pilot or convert Schedule TOU-S to a permanent tariff at this time, based on the
following:

The TOU Pilot has demonstrated discernable impacts on customer behavior and load
profiles resulting from the current rate differentials to the standard rate. These
impacts, relative to the rate differential, are fairly consistent with those that other
utilities and regulators have reported regarding other Pilots. However, the rate
differential and resulting impacts are not sufficient to have a noticeable impact on the
need for curtailment of KIUC's solar resources.

Given the reduction in the cost of fossil-fueled generation, the cost of solar generation
is currently more similar to fossil-fueled thermal generation than originally
anticipated during the development of the Pilot in mid-2015. While KIUC expects the
cost of fossil fuels to increase, any cost premium of fossil-fueled generation as
compared to solar is not likely to exceed the level experienced from 2014 through
mid-2015. Accordingly, KIUC has determined that a larger TOU-S discount to the
standard rate does not appear to be cost-justified at this time, as discussed further in
#9 above.

KIUC intends to continue studying its cost of service and rate options, along with making a
series of system improvements to otherwise manage its solar resources, as discussed

previously.
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KIUC TOU Pilot Study — Preliminary Evaluation
Regression Equations

Solar Hours Energy Equation

Dependent Variable DAILYSNRG

Method: Panel Least Squares

Sample (adjusted): 1/02/2015 2/28/2017

Periods included: 789
Cross-sections included: 565

Total pane! (unbalanced) observations: 429936

Variable Coefficient Std. Error t-Statistic Prob
C 1.556959 0.179618 8.668170 0.0000
W_THIAVG 0.044477 0.003309 13.44167 0.0000
W_THIAVG(-1) 0.038405 0.003293 11.66188 0.0000
@WEEKDAY=6 0.689050 0.014939 46 12549 0.0000
@WEEKDAY=7 0.917030 0014959 6130102 0.0000
PILOTACTIVE 0.279455 0.013924 20.07059 0.0000
PILOTON*(PARTICIPANT=0) 0.295831 0.016832 17.57514 0.0000
PR_RES -0.070309 0.004015 -17.560990 0.0000

Effects Specification
Cross-section fixed (dummy variables)

R-squared 0.496782 Mean dependent var 5.758086
Adjusted R-squared 0.496113 S.D. dependent var 4.764766
S.E. of regression 3.382269 Akaike info criterion 5.276300
Sum squared resid 4911814. Schwarz criterion 5.290897
Log likelihood -1133664. Hannan-Quinn criter 5.,280458
F-statistic 742.3347 Durbin-Watson stat 1.289382

Prob(F -statistic)

0.000000

Attachment 3
Page 1 of 5



KIUC TOU Pilot Study — Preliminary Evaluation

Regression Equations

Solar Hours Average Load Equation

Dependent Variable: HLD_SHRS

Method: Panel Least Squares

Sample (adjusted). 1/02/2015 2/28/2017

Periods included: 789

Cross-sections included: 565

Total panel (unbalanced) observations: 429936

White diagonal standard errors & covariance (d.f corrected)

Variable Coefficient Std. Error t-Statistic Prob
Cc 0.259493 0.029091 8.920099 0.0000
W_THIAVG 0.007413 0.000555 13.35943 0.0000
W_THIAVG(-1) 0.006401 0.000551 11.61581 0.0000
@WEEKDAY=6 0114842 0.002642 43.47226 0.0000
@WEEKDAY=7 0152838 0.002717 56.25625 0.0000
PILOTACTIVE 0.046576 0.002123 21.94341 0.0000
PILOTON*(PARTICIPANT=0) 0.049305 0.003119 15.80988 0.0000
PR_RES -0.011718 0.000662 -17.70297 0.0000

Effects Specification
Cross-section fixed (dummy variables)

R-squared 0.496782 Mean dependent var 0.959681
Adjusted R-squared 0.496113 S.D. dependent var 0794128
S.E. of regression 0.563711 Akaike info criterion 1.692781
Sum squared resid 136439.3 Schwarz criterion 1.707378
Log likelihood -363321.8 Hannan-Quinn criter. 1.696939
1.289382

F-statistic 742 3347 Durbin-Watson stat
Prob(F-statistic) 0.000000 ‘

Attachment 3
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KIUC TOU Pilot Study — Preliminary Evaluation
Regression Equations

Solar Hours Ratio Equation

Dependent Variable: RATIO_SHLD
Method: Panel Least Squares

Sample: 1/01/2015 2/28/2017 IF RATIO_SHLD>0 AND RATIO_SHLD<100

Periods included: 790

Cross-sections included: 565

Total panel (unbalanced) observations: 427806
White diagonal standard errors & covariance (d

f corrected)

Variable Coefficient Std. Error t-Statistic Prob.
c 0.945257 0.034652 27.27873 0.0000
W_THIDIFF 0.004706 0.000587 8011034 0.0000
W_THIDIFF*(@WEEKDAY=6) 0002028 0001142 1.774929 0.0759
W_THIDIFF*(@WEEKDAY=7) 0.004148 0.001118 3.711849 0.0002
PILOTACTIVE 0.091969 0.002733 33.64837 0.0000
PILOTON*(PARTICIPANT=0) -0014328 0.003575 -4.007610 0.0001
PR_RES 0.002630 0.001001 2628744 0.0086
D_WKEND 0.150180 0.003807 39.45073 0.0000

Effects Specification
Cross-section fixed (dummy variables)

R-squared 0193576 Mean dependent var 1.118566
Adjusted R-squared 0192499 S.D dependent var 0.840426
S.E. of regression 0.756216  Akaike info criterion 2277710
Sum squared resid 2436735 Schwarz criterion 2292373
Log likelihood -486637.1 Hannan-Quinn criter. 2281888
F-statistic 179.6052 Durbin-Watson stat 1491220

Prob(F-statistic) 0.000000

Attachment 3
Page 3 of 5



KIUC TOU Pilot Study — Preliminary Evaluation
Regression Equations

Solar Hours Ratio Price Equation

Dependent Variable: LOG(RATIO_SNRG2)
Method: Panel Least Squares

Sample: 1/01/2015 2/28/2017 IF RATIO_SNRG2>0

Periods included: 790
Cross-sections included: 565

Total panel (unbalanced) observations: 427820
White diagonal standard errors & covariance (d.f corrected)

Variable Coefficient Std. Error t-Statistic Prob.
C -1.217523 0.001468 -829.3552 0.0000
W_THIDIFF -0.000876 0.000380 -2.429484 0.0151
(@QWEEKDAY=6)*W_THIDIFF  0.001467 0.000748 1.960030 0.0500
(@WEEKDAY=7)*W_THIDIFF  0.004428 0.000758 5842744 0.0000
LOG(RATIO_PR) -0.209976 0.007021 -29.90637 0.0000
D_WKEND 0.156112 0.002600 60.04811 0.0000
Effects Specification

Cross-section fixed (dummy variables)
R-squared 0.265489 Mean dependent var -1.156380
Adjusted R-squared 0.264511 S.D. dependent var 0.5693289
S.E. of regression 0508809 Akaike info criterion 1.487843
Sum squared resid 110609.2 Schwarz criterion 1.502454
Log likelihood -317694.4 Hannan-Quinn criter 1.492006
F-statistic 271.4053 Durbin-Watson stat 1.593060

Prob(F-statistic) 0.000000

Attachment 3
Page 4 of 5
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KIUC TOU Pilot Study — Preliminary Evaluation
Regression Equations
Variable Key
Variable Name J_ ) A Description

Variables
DAILYSNRG Daily energy during the Solar Hours
D_WKEND Binary variable equat to “1" during weekends, "0" otherwise
HLD_SHRS Average hourly consumption during the Solar Hours
PARTICIPANT Binary variable equal to “1" if the meter in question is a Pilot participant, “0” otherwise

Binary variable equal to “1" for Participants beginning February 14", 2016 through the
U end of their participation, "0” otherwise

Binary variable equal to “1" beginning February 14", 2016 through end of February 2017,
PILOTON e .

0" otherwise

An approximate value for the average cost of retail electricity for an average usage
PR_RES . :

— residential customer of KiUC
RATIO_PR :Egu;(l)goe;.o outside the Pilot period and 0.75 when the Pilot is active (beginning February
RATIO SHLD Daily ratio. of average hourly consumption during the Solar Hours and average
- consumption during other hours

W _TAVG Average daily temperature
W_THIAVG Average daily temperature-humidity index
W_THIDIFF Difference between solar and other hours in average temperature-humidity index
W_PREC Daily precipitation

Logical Operators and Residual Factors
Binary variable equal to “1" when condition day of week is equal to #, with Monday being

@Weekday=# 1, "0 otherwise
AR(n) Auto-regressive residual of n lags (i.e., nth-order auto-regressive)
c Constant Term
LOG(var name) Natural log of var name
| @MA(var_name,n) Moving average of var name over n periods (i.e., nth-order moving average)

MA(n) Moving average residual of n lags (i.e., nth-order moving average)






