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Overview

This report describes the economic, technical, cost-effectiveness and feasibility issues associated with a Title 24
energy code requirement that would mandate the use of Programmable Communicating Thermostats (PCTs) in all
new California buildings. PCTs are thermostats that receive a price based or system reliability based load
curtailment signal and automatically reduce energy consumption by setting up the air conditioning setpoint.

Most of the reduction in energy consumption in response to a higher thermostat setpoint is temporary as the
temperature in the space eventually rises to the higher setpoint temperature and the air conditioner resumes energy
consumption at a similar level prior to the load curtailment signal. This temporary reduction in air conditioner
energy consumption is a valuable method of reducing energy costs and increasing system reliability.

Air conditioner loads are highly coincident with peak energy consumption. At 15% of peak demand or 8,139 MW,
nonresidential air conditioning is the largest single contributor to peak demand followed closely by residential air
conditioning which at 7,917 MW accounts for 14% of peak demand.' Thus as a single measure, setting back
thermostats just a couple of degrees statewide would have a tremendous impact on peak demand. As shown later in
this report, the statewide impacts are approximately 900 MW after 10 years of adoption of this proposal depending
upon the assumptions one uses for the number of new buildings and homes that are enabled each year to reduce peak
demand with PCTs. These savings figure could be approximately doubled if the thermostat serving an air
conditioner must be replaced by a PCT when the air conditioner is replaced or undergoes major repairs.

Controlling peak demand is important for several reasons:

e  The capacity of the electric power system is determined by the maximum peak demand that the California
electric system is called on to deliver. This capacity determines the number of power plants and peak
period imports into California that are needed and the size of the transmission and distribution system that
must deliver this power. Controlling peak demand is an effective tool when balancing the electrical needs
of a growing population against the economic, environmental and other constraints.

e The cost of electricity is highest during times of peak demand. Reducing peak demand decreases the
average cost of electricity and increases economic efficiency.

e System reliability (ability to provide power) is increased if consumption can be reduced in a real time
manner. When demand outstrips supply, California utilities must resort to rotating outages or blackouts to
maintain acceptable system voltage and frequency. The total loss of power in a blackout results in
substantial negative impacts to California consumers and industry.

e During system peaks, inefficient and marginal power plants are brought on line. These power plants emit
more pollutants per kWh and thus controlling peak demand reduces the air emissions. Typically peak
demand occurs during hot summer afternoons when the build-up of nitrogen oxides and photochemical
smog is the highest. Thus controlling peak demand reduces air emissions when the need to curtail
emissions is high.

The California electricity market shows considerably higher prices during a few critical hours in the year. In
addition, there is a capacity market emerging in California and corresponding resource adequacy ruling that requires
utilities to purchase capacity to meet the system peak load at potentially considerable cost. The critical peak hours
are not during fixed time periods as is the case for Time-Of-Use (TOU) rates but rather in response to the
availability of electricity relative to the system wide demand. In the most prevalent rate designs in California these
higher costs are averaged into the summer or summer peak period. However, there are several demand response

12001 California Peak Demand, spreadsheet published by CEC demand office.
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rates that are being considered in California including Critical Peak Pricing (CPP) that pass the higher prices during
these critical periods to customers and provide correspondingly lower prices at other times. The programmable
communicating thermostat (PCT) is the enabling technology that allows customers to automatically control their air
conditioning setpoint in response to the critical price or dispatch signal.

Description

In its broadest interpretation, this proposal would require that all temperature control of all new spaces and all spaces
served by a retrofit HVAC system would include the capability to receive a curtailment signal from the local utility
or Independent System Operator (ISO) and be able to set-up the cooling setpoint while receiving the curtailment
signal. For those situations when there is a shortfall of capacity in the winter, the PCT shall also be able to lock-out
the electric resistance supplemental heating in heat pumps.

These code language changes would place the communicating nature of temperature controls on the same footing as
the requirement for thermostats to be programmable. In fact the communication requirements would be placed in
the same sections as the programmable nature of thermostat schedules namely Section 122(e) for nonresidential
thermostats and Section 150(i) for residential thermostats. This would render the communication requirement as a
mandatory requirement, something that could not be traded away for another building feature. The exemptions that
apply for programmable thermostats would also apply to PCTs.

Though the effectiveness of PCTs is subject to how they are installed and configured, it is likely that much of the
configuration activities will be automated and diagnosis will be relatively straightforward. As a result this measure
will not require acceptance tests and associated paperwork.

Energy Benefits

The energy benefit of the PCT is small relative to the capacity savings benefit because the PCT is expected to
operate in only the critical hours per year. In addition, some of the amount of energy saved during the curtailment
period is offset by increased energy consumption after the curtailment signal is released. During the curtailment
period, since the thermostat setpoint is higher, the loads are lower even when one is not considering the amount of
thermal energy stored in the building thermal mass. In the case of office spaces, the load curtailment release occurs
as the loads in the office are dropping due to normal schedules of people leaving for the night. In all other spaces,
loads are dropping in the evening as the ambient temperature drops and solar radiation decreases. Air conditioning
efficiency also rises as ambient temperature drops.

The Results section details the energy, demand and life cycle cost savings for PCTs under a variety of scenarios
containing different assumptions. The table below summarizes the same information for “base case” scenario that
picks a middle set of assumptions that reflect the likely performance of PCTs. The savings for each building type
represents the savings per thermostat. For the office and retail occupancies, it is assumed that a thermostat is
installed for each 2,000 sf of floor area.

The energy savings reflect the energy saved by participating users for a voluntary cost based program that sends out
a curtailment or price signal for maximum number of hours per year. In the base case we assume a maximum of 15
days per year and four hours per day. However, we have evaluated a range of scenarios to reflect a range of demand
response rate and program designs as well as customer participation approaches (‘opt-in’, ‘opt-out’, and mandatory).
In addition to voluntary portion, our analysis assumes all PCT thermostats will set up the setpoint during an
emergency or reliability event regardless of user preferences or overrides. This yields significant incremental
demand savings during system emergencies such as California ISO Stage 2 or 3 emergencies. The savings
associated with voluntary user activities to save peak energy costs are associated with “Resource Savings® are
computed in the same manner as other Title 24 measures using Time-dependent Valuation. The additional
improvement in ‘Reliability Benefits’ during system emergencies associated with disabling the override feature of
the PCT is based upon the Value of Lost Load (VOLL). Note that all resource and reliability benefits are net of the
loss in productivity or the value of the loss of comfort suffered by having the thermostat set-up during these periods.

DRAFT SCE/PIER Programmable Communicating Thermostats CASE Report 7
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Table 1: Base Case Savings per Tstat for Residential Buildings

Base Case Cost, Energy & Demand Savings per Tstat Estimates for Res New Construction

Non-
Emergency | Emergency
Resource Emergency Avwg Demand Avg Demand :Energy

Title 24 | Total Value Value per Value per Savings per Savings per |Savings per

California | per Tstat Tstat Tstat Tstat Tstat Tstat
CTZ ($/Tstat) ($/Tstat) ($/Tstat) (kW/Tstat) |(kW/Tstat) |(kWh/Tstat)
1 $144 $110 $34 0.17 0.02 9.45
2 $290 $221 $69 0.33 0.04 15.88
3 $250 $187 $63 0.31 0.03 13.42
4 $311 $238 $73 0.36 0.04 17.28
5 $306 $242 $65 0.31 0.03 20.12
6 $239 $174 $66 0.32 0.04 13.70
7 $331 $258 $73 0.36 0.04 17.75
8 $277 $207 $70 0.34 0.04 14.74
9 $426 $325 $102 0.49 0.05 23.25
10 $338 $252 $86 0.41 0.05 19.68
11 $436 $341 $95 0.46 0.05 20.75
12 $408 $314 $94 0.45 0.05 20.17
13 $404 $306 $98 0.48 0.05 22.59
14 $449 $340 $109 0.53 0.06 24.48
15 $529 $394 $134 0.65 0.07 29.74
16 $318 $245 $72 0.35 0.04 15.87

Table 2: Base Case Savings per Tstat for Nonresidential Buildings

Base Case Cost, Energy & Demand Savings Estimates per Tstat - Nonresidential New Construction

Title 24 Resource Value Emergency Non-Emergency Emergency _AVQ Energy Savings
... | Total Value per Avg Demand Demand Savings
California Tstat (PV$/Tstat) per Tstat Value per Tstat SR e T PR per Tstat
CTZ (PV$/Tstat) (PV$/Tstat) (KW/Tstat) (KW/Tstat) (kWh/Tstat)
Office | Retail | Office | Retail | Office | Retail Office Retail [ Office Retail | Office | Retail
1 $442 $400 $335 $305 $107 $95 0.85 0.76 0.09 0.08] 40.41 37.74
2| $475 $381 $363 $293 $113 $88 0.90 0.70 0.10 0.08] 39.65 33.56
3| %404 $311 $304 $235 $100 $76 0.80 0.61 0.09 0.07| 34.59 27.95
4] 467 $389 $358 $299 $109 $90 0.87 0.71 0.10 0.08] 40.19 35.09
5| $409 $340 $305 $256 $103 $85 0.82 0.67 0.09 0.07| 37.07 31.81
6| $439 $370 $325 $276 $114 $94 0.91 0.75 0.10 0.08| 41.96 36.64
7] $497 $417 $382 $321 $114 $96 0.91 0.77 0.10 0.09] 44.02 39.27|
8| $423 $347 $320 $264 $103 $83 0.82 0.66 0.09 0.07| 37.68 32.87
9| $471 $389 $361 $300 $110 $89 0.87 0.71 0.10 0.08] 41.03 36.15]
10| $479 $382 $361 $290 $118 $92 0.94 0.73 0.10 0.08| 43.28 36.84
11|  $554 $455 $434 $360 $120 $95 0.95 0.76 0.11 0.08| 42.86 38.84
12| $542 $448 $421 $350 $121 $97 0.97 0.78 0.11 0.09] 44.95 39.77|
13| $505 $424 $384 $325 $122 $98 0.97 0.78 0.11 0.09] 45.24 41.03
14  $525 $441 $400 $339 $125 $102 1.00 0.81 0.11 0.09] 44.28 39.67|
15| $543 $445 $409 $339 $134 $106 1.07 0.84 0.12 0.09] 47.51 41.63
16| $456 $363 $353 $282 $103 $81 0.82 0.64 0.09 0.07| 35.85 29.97
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As can be seen from the residential results in Table 1, the total life cycle energy cost savings per single family home
ranges between $144 and $529. As can be seen from the nonresidential savings results in Table 2, the present
valued total life cycle energy cost savings for offices range between $404 and $554 per thermostat and for retail
between $311 and $455 per thermostat. In both building models it is assumed that there is a thermostat f serving
each 2,000 sf zone. These savings more than pay for the incremental equipment cost of a one-way communicating
thermostat.

Non-energy Benefits

In addition to the energy benefits and system reliability benefits previously described, we have calculated the
expected reduction in air emissions associated with PCTs. Since the PCT will not operate in a significant number of
hours the air emissions reductions from power plants is relatively small, but positive. See the Environmental Impact
section for more discussion.

There are also negative non-energy benefits associated with PCTs. Raising the thermostat setpoint above its
accustomed settings while the spaces are occupied will cause discomfort for some occupants. The calculation of
total cost savings takes in to account both the financial benefits of increased reliability and the financial impacts of
reduced productivity or comfort.

Statewide Energy Impacts

A detailed analysis found that the first year’s implementation of the PCT requirements would reduce electricity
energy consumption by 3.9 Gigawatt/hr per year, and reduce electrical demand coincident with utility system peak
by 93.3 Megawatts. The discounted life cycle energy cost savings (3% discount rate, 15 year period) is $61 Million
for one year’s new construction. After 10 years of this code measure the savings would be approximately tenfold or
about $610 Million of primarily demand cost savings that accrue over the life of these buildings. These values could
be approximately doubled if the requirements for PCTs also applied to buildings and homes where the air
conditioner is being replaced or undergoing major repairs.

Table 3: Statewide Energy, Demand and Cost Savings Summary

Number dwelling Non-
units or sf Energy Emergency | Emergency
nonresidential Savings Demand Demand Total Value
Building Category bldg MWh/yr | Impact MW | Impact MW | PV$Millions
1st year New residential 122,963 2,432 5.8 52.0 $44.16
1st year New nonresidential 76,832,749 1,507 3.5 31.9 $17.00
Total first year new construction 3,939 9.3 84.0 $61.16

The residential statewide savings estimate was based upon energy simulation of the impact of thermostat set-up in
simulations of single family homes each of the 16 Title 24 climate and temperature zones (CTZs) and expanded up
to the population of dwelling units with air conditioners as contained in the “California Energy Demand 2003-2013
Forecast Staff Report.” The nonresidential statewide savings estimate was based upon energy simulations of
thermostat set-up during the curtailment period in small office and small retail prototypes and expanded up to the
population of one year’s new construction which is estimated to be 108.3 Million square feet per year for all
nonresidential building types excepting amusement and storage. However, approximately 71% of conditioned floor
area, or 77 Million sf; is served by single zone packaged air conditioners that could be impacted by stand alone
PCTs, thus our estimates of air conditioning load curtailment are multiplied by a factor of 71%. The remaining 29%
of nonresidential demand response savings could be captured by energy management systems that respond to a
demand response signal. These systems are likely even more cost-effective but not in the scope of this report.
Estimates of nonresidential new construction activities are an average of four years’ nonresidential construction data
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from the McGraw-Hill Dodge construction database. See the Results section and Appendices 4 though 6 of this

report for a detailed description of how the statewide energy impacts were calculated.

Environmental Impact

The types of materials used in programmable communicating thermostats are the same as are used in standard

electronic thermostats. Thus there is expected to negligible incremental environmental impacts from the

manufacture of PCTs as compared to the thermostats they are replacing, programmable digital thermostats. Since
the operation of the PCT differs from the base case of the programmable thermostat only during the approximately
50 hours per year when curtailment is desired, the air emissions reductions from power plants is relatively small,
but positive, compared with efficiency measures that save energy in significant number of hours. The air emissions
reductions are tabulated in Table 4 and are comparable to removing 472 cars from the road for CO2 emissions and
comparable to removing 21 cars from the road for Nitrous Oxides’.

Table 4 Annual air emissions reductions from first year of PCT standard

Statewide | Statewide | Statewide

NOXx PM10 CO2

Reduction | Reduction | Reduction
Building Category (Lbs) (Lbs) (Tons)
1st year New residential 513 207 1,673
1st year New nonresidential 317 128 1,035
Total first year new construction 830 335 2,708

Type of Change

By recommending that the requirements for PCTs be placed in the same sections (§122(e) and §150(i)) of Title 24,
we are proposing that the requirements for PCTs be mandatory. That is PCTs are required and cannot be traded off
against other building measures. As a result, there is not a requirement that PCTs be simulated as stipulated by a
specific rule set in the ACM Manual.

However, if it is desired that the PCTs be simulated, then we recommend that the PCTs be simulated in one of two

ways.

1. Assuming reliability response only — the thermostats are set up from on two hours on either side of the hour
with the highest TDV costs. This will vary by climate zone.

2. Assuming economic and reliability response — in addition to the hours setup as described above, the rest of
the top 50 hours with the highest TDV values are also set-up. The hours selected will vary by climate zone.

Mandatory
Measure

The change would add or modify a mandatory measure. Mandatory measures must be

satisfied with either the prescriptive or performance compliance methods.

2 Automobiles emit a greater proportion of nitrous oxides to carbon dioxide than do electric generation stations. The
typical passenger car emits 38.2 Ibs/yr of Nitrous Oxides and 5.7 tons of CO2 during a typical year’s driving (12,500
miles). From USEPA “Emission facts” http://www.epa.gov/otag/consumer/f00013.htm..
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Technology Measures
If the measure requires or encourages a particular technology, address the following subsections.

Measure Availability and Cost
On behalf of this project, E-Source/Platts contacted eight manufacturers of PCTs to provide price estimates of PCTs
under various scenarios of sales volume. Five of the manufactures participated in the survey; the results in Table 5
summarize the range of their responses on the likely cost at the retail and wholesale level. Not surprisingly, the cost
of the PCT drops with greater sales volumes due presumably to economies of scale and greater competition. See

Appendix 2 — PCT Capabilities and Pricing Survey, for more details about this survey and the specifications of
PCTs that are the basis of these price estimates.

Table 5 Hardware and installation costs for PCTs capable of emergency and price responsiveness

Sales Retail Wholesale to Contractors
Channel
Hardware Cost | Installation Cost | Hardware Cost | Installation Cost
Emergency|Price Emergency|Price Emergency|Price Emergency|Price
Annual Response Response Response Response
Volume |Response Response Response Response
50,000 |$90to [$95to |Little incremental |$75to |$75to |Little incremental
$200 $200 cost relative to $160 $160 cost relative to
100,000 |$80to |$80to |conventional $60to |$60to |conventional
$170 $170 thermostat. $75to  [$135 $135 thermostat. $75 to
250,000 [$60to  |$60to  |$100 total. $45t0 |$45t0 [$100 total
$125 $125 $100 $100

Given that standard thermostats cost have an approximate cost of $30 to $150 and are simpler to install, assuming
the PCT takes 10 more minutes to install, the retail incremental costs are approximately $60 depending upon the
quotes and sales volume. These estimates are for one-way communicating thermostats — thermostats that receive

messages from the utility but do not respond back in return.

Two-way thermostats receive information from the utility and transmit information back indicating whether the
curtailment request was executed as well as other pertinent information (indoor temperature, override of thermostat,
cycling rate etc.) As described in Appendix 2 — PCT Capabilities and Pricing Survey, the cost of two-way
thermostats are essentially double those of the one-way thermostats. In addition, the two systems are not necessary
on a broad basis, installing a smaller sample of two way thermostats would provide sufficient accuracy at a lower
cost. Thus the cost-effectiveness evaluation of PCTs will be based upon the cost of one-way PCTs.

Useful Life, Persistence and Maintenance

The PCT’s are considered electronic controls similar to other forms of electronic controls including the standard
programmable thermostats the PCTs would be replacing. Thus it seems likely that the service life of the PCT would
be very similar to that of the standard programmable thermostat. The 1999 ASHRAE Applications Handbook
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estimates that the life of electronic controls is approximately 15 years’. We use this same assumption for estimating
replacement period for residential and nonresidential PCTs.

Performance Verification

Programmable communicating thermostats (PCTs) are different from standard thermostats in one way — they
communicate with the utility demand response system. As a result, an additional step is required to assure that PCTs
increase electric systems reliability and provide cost-savings to the user; the communications link between the utility
and PCT must be verified. Ideally, this verification would do more than merely indicate that the PCT was receiving
the signal, it could show that it is responding to the test signals of the local utility. These test signals would include
one test signal that simulates a high cost period and another signal that simulates a system reliability emergency
signal.

For the overall demand response system to work, the utility demand response communication system AND the PCT
both have to work. Thus it is important that the system is exercised regularly to assure it works. Since the system
reliability is expected to be affected only one day out of every ten years, it is important that many PCT systems are
responding to economic signals and that the emergency system is tested at least once a year.

Cost Effectiveness

As described in the Methodology section of this report, the savings calculated from PCTs is dependent upon the
assumptions one uses for participation rates, rate design etc. Thus we have developed five scenarios from a
pessimistic estimate of savings to a very optimistic estimate of savings. Along this continuum in the middle is the
“base” scenario which we believe to be a reasonably likely outcome of the statewide application of thermostats and
a supporting utility rate design which returns most of the resource acquisition value to PCT owners who allow their
thermostat to be set-up during the curtailment periods.

Assuming the incremental cost of the PCT to be approximately $60 in residential buildings and that a PCT will have
to be replaced in 15 years the discounted, incremental life cycle equipment cost of PCTs is $100. For the base case
assumptions, the residential, benefit cost ratio is above 1.4 in all climate zones. On average the base case benefit
cost ratio is 3.5 to 1. Pessimistic assumptions render PCTs not cost-effective and optimistic assumptions render
PCTs more cost-effective. More detailed results are in the Results section of this report.

PCTs are more cost effective for nonresidential buildings as loads are higher for the same equivalent area. Since the
life of the thermostat is the same as the period of analysis — 15 years, the present value of the incremental equipment
cost is the same as the incremental first cost or $60. For the base case assumptions the PCTs are cost-effective in
all climate zones and on average across all climate zones has a benefit cost ratio of 7.3 to 1.

Thus given the base case assumptions, PCTs are a cost-effective measure in new homes and in new nonresidential
buildings. When demand response is applied to nonresidential spaces where multiple zones are controlled by an
energy management and control system (EMCS), the benefit to cost ratios should be even higher. These systems are
more thoroughly discussed in CASE studies describing DDC control to the zone level (PG&E CASE study) and
global temperature adjustment or GTA (LBNL PIER CASE study).

Given that the total cost of a PCT is twice that of its incremental cost, is approximately two and a half times that of
the incremental cost, requiring PCTs upon major repair or replacement of the air conditioner should also be
considered. This would approximately double the statewide savings.

3 Table 3 “Estimates of service Lives of Various System Components.” P. 35.3, 1999 ASHRAE Applications
Handbook, American Society of Heating, Refrigerating and Air-Conditioning Engineers, Atlanta, GA.
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Analysis Tools

As this measure is proposed as a mandatory measure, there is not necessarily a need to model PCTs in the
Alternative Compliance Method (ACM) performance software. However, if it was deemed necessary to provide
more accuracy when in consideration of other demand response measures that impact air conditioning (such as
thermal storage), the PCT curtailment could be modeled as a temperature set-up during the top 50 hours of TDV
values. These top 50 values change with respect to Title 24 climate zone.

Relationship to Other Measures

In general, the PCT measure does not affect other energy efficiency measures. It may impact the analysis of other
air conditioning demand response measures such as thermal storage. This would have to be addressed by an
exceptional calculation method submittal for thermal storage systems.
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Methodology

The following process was used to evaluate the energy savings, demand reduction, and cost savings that result from
statewide requirements for PCTs in every new conditioned space and for every space where the air conditioning unit
is being replaced or receiving major repairs.

e DOE-2.2 simulation models created for single family homes, small office buildings and small retail
buildings for each of the 16 climate temperature zones (CTZs) as defined in the Title 24 building efficiency
standards. These three prototypes are considered to be mostly representative for all buildings in California.
These simulation models were created for three residential thermostat schedules and two nonresidential
thermostat schedules. In all models there are 21 different curtailment schedules from a 1 hour curtailment
to a 4 hour curtailment between the hours of noon and 6 pm. The base case model with no curtailment is
compared with the curtailment model to generate hourly energy savings for the hottest day of the year and
the tenth hottest day of the year. Thus these DOE-2 models are used develop the technical demand and
energy savings potential estimates.

e Revised Time Dependent Valuation (TDV) files developed for the 2008 Title 24 building efficiency
standards, contain present valued cost estimates of the cost of a kWh of electricity for each hour of the year
for residential (30 year present valued series) and nonresidential (15 year present valued series) buildings
for each one of the 16 climate temperature zones (CTZs). These revised TDV estimates include the
residual capacity costs for a new combustion turbine allocated to the top 100 hours where excess capacity is
the least (demand is close to outstripping demand). The TDV costs are sorted from highest cost day to
lowest cost day. Starting with the highest cost day, the TDV values are multiplied by the hourly energy
savings over the duration of the specified curtailment program. Thus if one wanted to evaluate a program
that would curtail for 10 days one might select the ten top days of TDV values and multiply this by the
hourly savings from the DOE-2 simulation models.

e  The DOE-2 simulations and the TDV cost savings models are combined in different ways depending upon
various scenarios that are include a variety of different assumptions about how people behave and the rules
that might be applied to economic and emergency use of the set-up capabilities of the PCTs.

e Statewide population estimates of homes and business with air conditioning are applied to the appropriate
building model and economic/behavioral scenario to yield statewide estimates of energy and demand
savings and societal cost savings.

o Inefficient, more polluting and more expensive power plants are dispatched during times of high demand
and high electricity cost. Hourly emissions factors (Ibs of NOx, 1bs of particulate matter or Tons of CO2
per kWh) are also multiplied by the hourly energy savings estimates to yield an estimate of environmental
benefits of PCTs.

Calculation of Avoided Costs and Value of Reliability

The calculation of the lifecycle value of PCTs is completed using the methodology described in the Life Cycle Cost
Methodology report for the 2008 Title 24 prepared by Architectural Energy Corporation, and the 2008 Title 24 TDV
Methodology (Section 3.8) prepared by Energy and Environmental Economics, Inc.

The analysis consists of two components, the first is a measurement of the ‘resource value’ and is calculated using
the same approach used for all building measures with TDV; multiplying the expected load reduction in each hour
based on the technology and the weather for each climate zone by the hourly TDV value (in lifecycle $/kWh). The
second component measures the incremental ‘reliability value’ for additional load reduction, if any, that can be
achieved from operation of the PCTs during a system emergency (E.g. California ISO Stage 2 or 3). As noted in the
referenced 2008 Title 24 TDV Methodology document, the ‘resource value’ and the ‘reliability value’ do not apply
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to the same kW of load reduction and the analysis is careful not to double count load reduction for both a resource
savings AND reliability improvement.

Assumptions Associated with Scenarios

Given the large range of potential applications of PCTs the calculations are made for each of five scenarios
described above with different sets of assumptions ranging from very pessimistic to very optimistic. The savings
available from programmable communicating thermostats (PCTs) vary considerably depending upon the
requirements of demand response programs and the response rates of participants.

Table 6: PCT analysis scenarios from very pessimistic to very optimistic

(-) Very (-) (%) Base | (+) (++) Very
Pessimistic | Pessimistic | Case Optimistic Optimistic
Annual Days of Operation 5 10 15 15 20
2pm to
Time Period of Dispatch 2pmto 4pm | 2pm to 4pm 6pm 2pm to 6pm | 2pm to 6pm
Temperature Set-up 4 deg 4 deg 4 deg 4 deg 4 deg
Override Possible during non-
emergency event Yes Yes Yes Yes Yes
No Only All PCT All PCT All PCT
‘Emergency’ Operations Rule Emergency | Participants Owners Owners Owners
Alternate Alternate Highest Highest
TDV cost TDV cost cost TDV | Highest cost cost TDV
Dispatch of PCT days days days TDV days days
10"’1
Dispatch Weather 10" Hottest | 10" Hottest | Hottest
Assumption Day Day Day Hottest Day | Hottest Day
DR or CPP DR or CPP CPP CPP
Fraction of Population 'opt-in' 'opt-in' CPP 'opt- Mandatory Mandatory
participating 20% 20% out' 70% 100% 100%
Reset with Reset with Reset with | Reset with Reset with
Economic signal for option to option to option to option to option to
participants override override override override override
Residential: Fraction with T-
stat ON From RAS by climate zone
Nonresidential: Fraction with
T-stat ON 100% 100% 100% 100% 100%
Fraction overriding voluntary
signal residential 30% 20% 10% 10% 5%
Fraction overriding voluntary
signal nonresidential 20% 20% 10% 10% 10%
Useful life of PCT 15 yrs 15 yrs 15 yrs 15 yrs 15 yrs
Thermostat schedules res T-24 76°F 76°F 74°F 74°F
Thermostat schedules nonres 74°F 74°F 74°F 72°F 72°F
Productivity loss 50% 35% 20% 20% 10%
Value of loss of service
($/kWh) N/A $30 $42 $100 $200
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Table 6 lists the description of scenarios considered for evaluating the benefits of PCTs. To bound the widest
possible range of outcomes from PCTs, the scenarios range from very pessimistic inputs, resulting in a low estimate
of savings, to very optimistic inputs with high savings estimates. However, if the range of estimates that are so wide
the worst case doesn’t meet the threshold of approval and the best case does, then this methodology would not give
much guidance. Thus we have also included a “base case” that is our best estimate of the most likely outcome.
Each of the variables that are changed in the scenarios is described further, below.

e  Annual Days of Operation —the number of days per year that a curtailment signal is sent to the average
PCT.

e Time Period of Dispatch — this is the time period during which the curtailment signal is sent. This analysis
considers a two hour curtailment for the pessimistic scenarios and 4 hours for all other scenarios.

e Temperature Set-up — how many degrees F is the thermostat setpoint increased during the curtailment
period. The setpoint is increased by 4°F under all scenarios.

e Opverride Possible during non-emergency event — there are two reasons for curtailing loads with PCTs: non-
emergency (economic) and emergency (reliability). The motivation for curtailing air-conditioning loads
during non-emergency events is to save money for both the customer and the utility by minimizing energy
consumption during high priced periods. Some programs are designed to curtail power without possibility
of customer override even during non-emergency periods when system reliability is not threatened. In all
of these scenarios, the occupant is capable of overriding the thermostat automatic set-up during non-
emergency curtailment events.

e ‘Emergency’ Operations Rule — this describes whether the occupant can override the thermostat set-up
when the PCT receives a curtailment signal to maintain system reliability. In the “very pessimistic”
scenario, participants or non-participants in utility demand response programs or rates are able to override
the PCT curtailment set-up even when it is in response to a system emergency that threatens system
reliability. In the “pessimistic scenario” only the participants in utility demand response rates or programs
cannot override the emergency signal; non-participants receive the signal but can choose if they want to
save energy. In the base case and optimistic scenarios, all owners of PCTs cannot override the emergency
curtailment signal.

e Dispatch of PCT — this describes how well the utility is able to match their curtailment schedule with the
costs of energy. Since there is a limited number of days one can dispatch one does not want to curtail one
day if they believe the next day is going to be even more expensive. The pessimistic scenarios assume that
the utility is able to dispatch correctly half of the time so that alternate days of TDV price are curtailed; the
first, third, fifth etc highest priced days are modeled as being curtailed. The base case an optimistic
scenarios assume that the all of the highest priced days are curtailed.

e Dispatch Weather — the energy simulations of the “curtailed days” include both the hottest day and the
tenth hottest day. The energy results from these two days are multiplied by the hourly electricity costs of
the highest priced days for the duration of annual curtailment program. The energy results are repeated and
multiplied by different cost numbers associated with different days. The base case and pessimistic
scenarios use the tenth hottest day for the energy simulation and the optimistic scenarios use the hottest day
for weather inputs into these simulations.

e  Fraction of Population participating — this is expected to vary depending upon the future conditions of
service as decided by the California Public Utilities Commission. The pessimistic scenarios assume that
participation in demand response programs are something that the customer has to pursue by deciding to
change their rate or otherwise “opt-in” to a demand response program. Our assumption is that given the
effort to change rates, only the most cost-sensitive and pro-active customers will pursue this with a
participation rate of 20%. The base case scenario assume that at a certain time all customers will be
automatically be enrolled in the demand response program and only customers who actively dislike DR
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rates (expected to be around 30%) will “opt-out” of the program netting approximately a 70% participation
rate. The optimistic scenarios assume that all customers will be required to be on a critical peak pricing
rate (CPP) without any other options.

e Economic signal for participants — this is similar to the override possible during non-emergency event.
During curtailment for economic reasons (non-emergency curtailment) the PCT is set-up with the occupant
having the capability to override the set-up.

e Residential: Fraction with T-stat ON — The amount of t-stats on during the curtailment period a function of
climate zone. This is supported by the RASS (residential appliance saturation survey) study. For those
climate zones that did not have a significantly significant sample in the RASS t-stat survey, we will map
the results from the closest climate zone. Climate zone 16 in the mountains was mapped to the North Coast
Region. The fraction of thermostats set to OFF as identified in the RASS study and the fraction ON that we
will be using in our analysis are given in Table 7.

Table 7: RASS study of programmable residential thermostats ON between 9 am and 5 pm’

Programmable | Programmable
Thermostat % | Thermostat %
T24-CZ Region Set to OFF Set to ON
CZ1-5,16 North Coast 31% 69%
CZ6-8 South Coast 37% 63%
CZ9,10 South Inland 20% 80%
CZ 11-13 Central Valley 15% 85%
CZ 14,15 Desert 10% 90%

e Nonresidential: Fraction with T-stat ON — we were unable to find good information on this and have used
the assumption that in most cases nonresidential thermostats will be active during the hottest summer
afternoons. Thus 100% of thermostats ON is assumed for all of the scenarios.

e  Fraction overriding voluntary signal residential - From the E-Source literature review of residential DR
projects in other parts of the country, typical override rates are 5% to 30%°. We think this should be the
basis of the base case with other factors accounting for the level of optimism or pessimism in the sensitivity
analysis.

e  Fraction overriding voluntary signal nonresidential - Southern California Pilot project for non-residential
customers shows an average of 20% (high 21%, low 18%) override during their events. This value is used
as the pessimistic estimate for non-residential customers. This reflects the belief that override rates will
decline once greater expertise is developed in timing and spreading out the curtailment amongst a larger
pool of participants.

* Table 6. Percent of Programmable Thermostats set to “Off ” in SCE internal report reviewing the RASS study
Programmable Thermostats Installed into Residential Buildings: Predicting Energy Saving Using Occupant
Behavior & Simulation

5P.10, Rachel Reiss, E-Source, “Two-Way Thermostats Creating New Markets for Residential Load Control
Programs,” ER — 02, 4 March 2002
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o  Useful life of PCT - The 1999 ASHRAE Applications Handbook estimates that the life of electronic
controls is approximately 15 years’. This assumption was used for estimating replacement period for
residential and nonresidential PCTs

e  Thermostat schedules residential — this describes the thermostat schedule of temperatures for the residential
building models. The very pessimistic scenario assumes that the Title 24 schedule is used which sets-up
the thermostat during the day. The pessimistic and base case scenarios assume the thermostat schedule is a
constant 76°F and the optimistic cases assume that the thermostat is set to a constant 74°F.

e  Thermostat schedules nonresidential - similar to the residential thermostat schedules the more pessimistic
schedules assume higher thermostat settings (74°F) and the more optimistic assume a lower setpoint (72°F).
When the setpoint is lower, the loads on the building are higher and thus there is more load to curtail.

e  Productivity loss — There are two approaches in the evaluation methodology to make sure that customer
savings are net of lost productivity and comfort. For a ‘voluntary’ program (e.g. customer has the ability to
override, but does not) the productivity loss is calculated as the fraction of the expected customer bill
savings that would compensate the occupants for their discomfort or reduced productivity. For example, if
the bill savings for an operation is $2 for the day and the productivity loss is 50%, the customer nets $1
savings and the other $1 offsets their productivity and comfort loss’. The assumption on voluntary
programs is that the customer bill savings is always greater than the discomfort or the occupant would
override the PCT dispatch. For a mandatory type program a different approach is used. In this case the
comfort and productivity loss is assumed to be $2.50/kWh in all of the scenarios. The value is derived
from value of service studies from customers which assess a customer’s willingness to pay to avoid an
interruption of the cooling®.

e  Value of loss of service ($/kWh) — this is the value that is gained by preventing an outage. This value is
only ascribed to the PCT only for those spaces that are NOT participating in a voluntary resource
acquisition plan. This is because those who are participating in a demand response program are being paid
on the basis that fewer power plants have to be purchased to maintain the same system reliability. This
additional emergency value is ascribed to the additional demand savings that can be squeezed out during
emergency events beyond those already subscribed to curtail load.

® Table 3 “Estimates of service Lives of Various System Components.” P. 35.3, 1999 ASHRAE Applications
Handbook, American Society of Heating, Refrigerating and Air-Conditioning Engineers, Atlanta, GA.

" This approach was presented at the ‘Other Benefits’ workshop on August 5™, 2005 by Carl Silsbee of SCE and
separately by C.K. Woo of E3. For academic reference see; Acton, Jan Paul and Bridger M. Mitchell, Welfare
Analysis of Electricity Rate Changes, Rand Note N-201-HF/FF/NSF, May 1983; and Borenstein, Severin, Michael
Jaske and Arthur Rosenfeld, Dynamic Pricing, Advanced Metering and Demand Response in Electricity Markets,
University of California Energy Institute, Center for the Study of Energy Markets, Working Paper CSEM WP 105,
October 2002/

¥ See Keane DM, McDonald D, Woo CK (1988) “Estimating residential partial outage cost with market research
data,” Energy Journal-Reliability Special Issue, 9: 151-172 which provides a value of $2.60/kWh in 2004$ however
this study is an assessment of A/C cycling rather than PCT, or see Southern California Edison Appendix F:
Customer Value of Service Reliability Study, March 1% 1999, Exhibit 2.1 A/C Cycling Program on page range of
$1998 range of $2.01 to $5.02 assuming 6 interruptions per year.
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Energy Simulation of PCTs

The energy impacts of PCTs are calculated by simulating a representative building or collections of buildings and
temporarily setting the thermostat higher during the curtailment period. These simulations are performed on either
the hottest day in the weather file or the tenth hottest day depending upon the scenario being modeled. The
residential simulation models are two single family homes: a single story home and a two story home. These
simulation models are rotated and the results averaged to yield average impacts of PCTs on the single family market.

Two models were developed for estimating the impacts of PCTs in the nonresidential sector: a small office building
with ten 2,000 sf zones and a retail model with three 2,000 sf sales area zones and a 2,000 warehouse zone. The
small office building has zones that are facing in all directions and is essentially an average model. The retail model
has most of the windows on one side of the building, thus the model is rotated in each of the cardinal directions
(North, South, East, and West) and the results averaged to yield the average energy impacts of PCTs on the small
retail market.

The energy and demand savings of the PCT is evaluated by taking the energy results of these prototype buildings
with a given thermostat schedule and comparing these results to the same building model except the thermostat
schedule has a “curtailment period” where the thermostat setpoint schedule is increased by four degrees and then at
the end of the period, the setpoint is brought back down to its normal setpoint.

Calculation of Load Reduction and Reliability Value

Technical Load Reduction and Resource Savings

The energy savings estimate from comparing the energy consumption of the base case simulation to the simulation
where the PCT is dispatched. This energy savings estimate is considered for all hours of the day. To estimate
average demand savings, the average change in energy consumption is averaged over the hours of 12 noon to 6 pm,
the hours the ISO considers to be a likely peak demand period. The peak demand savings considers the hour with
the largest savings from the PCT.

The capacity cost savings are calculated by taking the energy results from the building simulation and multiplying
them by the hourly values as contained in the TDV files. Depending upon the scenario selected, the hourly energy
savings are multiplied by the TDV values of the days with the highest TDV costs, or to model imperfect dispatch,
multiplied by the hourly TDV cost values of the odd highest (first, third, fifth...) cost days. This yields the
simulation or technical demand, energy and cost savings potential. Figure 1 is an example of the hourly electricity
savings and the TDV electricity costs per kWh for the highest cost day. Note that the curtailment period 2 pm to 6
pm coincides well with the costs of electricity. The product of these two lines yields the technical cost savings
associated for operating the PCT on this high cost day.
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Figure 1: PCT demand savings and TDV energy costs on peak cost day

The technical energy and cost savings results from the simulations have to be de-rated by the fraction of PCTs that
are actually saving energy. Some fraction of the PCTs is not saving energy due to a number of reasons: the PCT is
not receiving the signal, the owner may not be participating in the demand response program, the thermostat may be
normally OFF during the curtailment period, the owner may override the operation of the PCT etc. The following
section describes how the savings values are de-rating due to these economic and human factors.

From Technical Potential to Market Potential

The number of hours the PCT operates and how frequently the PCTs are overridden is a complex interaction
between rate design, public policy and curtailment strategy. The various choices that are made along these lines and
projected population responses make up the assumptions as outlines in the Assumptions Associated with Scenarios
section earlier in this report. The base case assumptions were considered the most likely outcomes and are bounded
on either side by progressively more pessimistic and optimistic scenarios.

The example below considers a base case scenario for a single family home in climate zone 12 (Central Valley near
Sacramento). In this case, the PCT is set-up for four hours between 2 pm and 6 pm for 15 relatively hot days as
represented by the tenth hottest day on the California Energy Commission CTZ12 WYEC2 (weather year for energy
calculations) hourly weather file used in the energy simulations.
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Participation Estimate - Voluntary Program Example Calculation
Row Calculation  Description Base Case: CZ 12
A Input Percentage of AC that are on and below set point 85%
B Input Percentage that receive and can act upon the signal 97%
C Input Percentage that do not override 90%
D A*B*C Technical potential | 74%]|
E Input Percentage w/ PCT participating in program 70%
F D*E Overall fraction of potential including participation [ 52%|
Impact Estimates

G Simulation Average simulated kW reduction 0.87
H F*G Average kW reduction per Tstat installed 0.45

Figure 2: Fraction of Response to Voluntary Program

As shown in Figure 2, the Percentage of AC that are on and below set point, the Percentage that receive and can act
upon the signal and the Percentage that do not override are multiplied to yield Technical potential that is likely to
be realized by the participants in the voluntary program envisioned for our base case. This voluntary program
for the base case is a critical peak pricing program that all customers are assigned initially unless they consciously
“opt-out” by contacting their utility and asking to be placed on another rate. The Overall fraction of potential
including participation is the product of the participant faction of technical savings and the participation rate. This
overall market potential fraction indicates what fraction of the technical potential is going to be realized by a given
customer segment as a whole. In this example, 52% of all PCTs installed in residences in climate zone 12 are
assumed to operate in response to a voluntary call.

As described above in the Technical Load Reduction and Resource Savings section, the hourly energy savings from
PCTs is multiplied by the hourly TDV factors to yield the Avoided Cost Value (PV$/ton)’, shown in Figure 3. This
value is multiplied by the tonnage of the air conditioner and the overall market potential fraction to yield the value
per thermostat (PV$/tstat). The value per thermostat is average value of the thermostats in the population of which
52% are participating. The net savings is then calculated by subtracting the assumed productivity losses and
discomfort to estimate the total net resource value of the PCT.

Resource Value Best Dispatch

Avoided Cost Value 1
Avoided Cost Value (PV$/ton) $ 271.30
AC tons per thermostat [ 2.79|
Value per thermostat (PV$/tstat) $ 392.59

Comfort and productivity loss
Comfort loss as a percentage of avoided cost | 20%|
Comfort loss ($PV/tstat) $ (78.52)

i

[Net Resource Value 314.07 |

Figure 3: Resource (Non-emergency) Value Impacts

For reporting purposes, we also compute the expected peak and average load reductions for each scenario. In Figure
4, one can observe how the technical peak demand savings potential of 1.2 kW per home is reduced to 0.89 kW per
home for participants and 0.62 kW per home for the population as a whole by applying the participant fraction and
market fractions respectively.

? Present Valued (30 year analysis at 3% discount rate) dollars per ton of air-conditioning
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Operating Summary

Non Emergency Impact
Adjusted Results

Simulation Result Participants Tstat Population
Peak Reduction (kW/tstat) 1.19 0.89 0.62
Average Reduction (kW/tstat) 0.87 0.65 0.45
Hours per Operation 4
Total Hours of Operation/yr 60

Figure 4: Non EmergencyDemand Impacts

Emergency Load Reduction and Value of Reliability

In addition to the resource value, we compute the value of reliability improvement of additional load reduction that
can be achieved during an emergency. The additional load reduction is captured by disabling the override feature of
the PCT during an emergency. In order not to double count, the emergency load reduction value only applies to the
additional load reduction and not the total PCT load reduction assumed for the voluntary resource value features of
the PCT. Depending on the scenario, either all PCT owners much participate in the emergency program, or only
those that sign up for a utility program participate in the emergency program.

The calculation of the additional emergency load reduction is done in a similar fashion to the voluntary program.
An example is shown for the same climate zone 12, base case example in Figure 5, below. For the base case, in
which all PCT owners would participate in the emergency program, the incremental emergency impact is calculated
as the product of Percentage of AC that are on and below the set point, the Percentage that receive and can act
upon the signal, and the percentage of customers who would have overridden the dispatch signal if possible, (1-
Percentage that do not override). In the base case for climate zone 12 this is an additional 8% load reduction, or an
average of 0.07kW per installed residential climate zone 12 PCT.

Participation Estimate - Emergency Program Example Calculation
Row Calculation  Description Base Case: CZ 12
A Input Percentage of AC that are on and below set point 85%
B Input Percentage that receive and can act upon the signal 97%
C Input Percentage that do not override 90%
D A*B*C Technical potential [ 74%]|
E Input Percentage w/ PCT participating in program 70%
F A*B*(1-C)*E  Incremental Emergency kW/ Tstat (Participants Only) 6%
G A*B*(1-C) Incremental Emergency kW/ Tstat (All PCT Owners) 8%
Impact Estimates

H Simulation Average simulated kW reduction 0.87
J F*H Incremental Emergency kW per Tstat (Participants Only) 0.05
K G*H Incremental Emergency kW per Tstat (All PCT Owners) 0.07

Figure 5: Fraction of Technical Potential Associated with Emergency Impact

The calculation of the emergency value in the base case is shown in Figure 6, below. We calculate the emergency
value as the Class Weighted Average VOS, net of the Comfort and Productivity Loss, by the Expected outage hours
per year and the Average reduction per t-stat. The lifecycle value of the emergency load reduction for residential
climate zone 12 customer is $130.07/t-stat.
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Emergency Value

Class Weighted Average VOS ($/kWh) $ 42.00
Comfort and Produtivity Loss ($/kWh) $ 2.50
Net Gain of reduced outages costs ($/kWh) $ 39.50
Reliability Target (1 Day in X Years) [ 10 |
Expected Outage Hours (hours per year) 24
Reduced Outage Cost $/kW-yr $ 94.80
Present Value Factor 19.60
Real Discount Rate 3%
Number of Years 30
Reduced Outage Cost ($PV/kW) $ 1,858.12
Average reduction per t-stat (kW/t-stat) 0.05
[Reduced Outage Cost ($/t-stat) $ 93.52 |

Figure 6: Reliability Value per Thermostat
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Results

Describe the results of the research. What was learned? How is it relevant to the standards? Results are not all
computational. Some results are based on market share of equipment and applicability of measure limited to certain
applications.

Energy and Cost Savings

This section contains detailed energy and cost savings results that are summarized in the energy benefits section of
the report

Residential Results
Residential Results per Thermostat

Table 8: Base Case Energy, Demand & Cost Savings Estimates per Tstat — Residential

Base Case Cost, Energy & Demand Savings per Tstat Estimates for Res New Construction

Non-
Emergency Emergency
Resource Emergency Avg Demand :Awg Demand Energy

Title 24 | Total Value Value per Value per Savings per Savings per Savings per

California | per Tstat Tstat Tstat Tstat Tstat Tstat
CTz ($/Tstat) ($/Tstat) ($/Tstat) (kW/Tstat) (kW/Tstat) i (kWh/Tstat)
1 $144 $110 $34 0.17 0.02 9.45
2 $290 $221 $69 0.33 0.04 15.88
3 $250 $187 $63 0.31 0.03 13.42
4 $311 $238 $73 0.36 0.04 17.28
5 $306 $242 $65 0.31 0.03 20.12
6 $239 $174 $66 0.32 0.04 13.70
7 $331 $258 $73 0.36 0.04 17.75
8 $277 $207 $70 0.34 0.04 14.74
9 $426 $325 $102 0.49 0.05 23.25
10 $338 $252 $86 0.41 0.05 19.68
11 $436 $341 $95 0.46 0.05 20.75
12 $408 $314 $94 0.45 0.05 20.17
13 $404 $306 $98 0.48 0.05 22.59
14 $449 $340 $109 0.53 0.06 24.48
15 $529 $394 $134 0.65 0.07 29.74
16 $318 $245 $72 0.35 0.04 15.87

Statewide Residential Results

The statewide estimates of energy, demand and cost savings are developed by multiplying the savings per thermostat
in the above section and multiplying by an estimate of the number of thermostats statewide. The data source for
statewide estimates of residential air conditioners is from the “California Energy Demand 2003-2013 Forecast Staff
Report.” For more background information concerning the population estimates please turn to Appendix 3 —
Statewide Estimates of Air-Conditioned Dwelling Units or Commercial Floor Space.
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Table 9: Statewide Energy, Demand & Cost Savings Estimates— Residential

Statewide Cost, Energy and Demand Savings Estimates for Residential New Construction

PUBLIC INTEREST ENERGY RESEARCH
“Research Powers the Future"

Statewide Statewide

Non- Emergency

Emergency |Average Statewide

CEC Title 24 |Res New Statewide Statewide Statewide Average Demand Energy
Forecast |California |Construction |Total Value |Resource Emergency |Demand Savings Savings
Utility |CZ CTz Homes/Yr %) Value ($) Value ($) Savings (kW) (kW) (kWh)
PG&E 1 2 2,251 653,443 497,962 155,481 753 84 35,751
PG&E 5 3 968 242,345 180,987 61,358 297 33 12,989
PG&E 4 4 11,339 3,526,536 2,695,080 831,456 4,027 447 195,933
SCE 8 6 12,811 3,067,179 2,227,596 839,583 4,067 452 175,539
LADWP 11 6 1,869 447,472 324,985 122,487 593 66 25,609
SDG&E 13 7 7,674 2,542,008 1,978,176 563,832 2,731 303 136,214
SCE 9 9 14,301 6,093,817 4,640,694 1,453,123 7,038 782 332,484
LADWP 12 9 2,839 1,209,730 921,259 288,470 1,397 155 66,004
BDP 16 9 748 318,731 242,727 76,004 368 41 17,390
SCE 10 10 26,846 9,064,067 6,767,179 2,296,888 11,125 1,236 528,413
PG&E 2 12 7,908 3,223,209 2,483,664 739,545 3,582 398 159,504
SMUD 6 12 8,531 3,477,137 2,679,330 797,807 3,864 429 172,070
PG&E 3 13 18,855 7,622,780 5,770,926 1,851,854 8,970 997 425,881
SCE 7 13 3,121 1,261,771 955,240 306,531 1,485 165 70,494
Other 15 15 2,298 1,215,213 906,271 308,942 1,496 166 68,319
Other 14 16 605 192,185 148,405 43,780 212 24 9,600
122,963 | 44,157,624 | 33,420,482 | 10,737,142 52,006 5,778 | 2,432,195

Nonresidential Results

Nonresidential results per thermostat

Table 10: Base Case Energy, Demand & Cost Savings per Tstat - Nonresidential

Base Case Cost, Energy & Demand Savings Estimates per Tstat - Nonresidential New Construction

Title 24 Resource Value Emergency el S e Avg Energy Savings
.. .| Total Value per Avg Demand Demand Savings
el Tstat (PV$/Tstat) per Tstat Value per Tstat Savings per Tstat per Tstat per Tstat
CTz (PV$/Tstat) (PV$/Tstat) (KW/Tstat) (KW/Tstat) (kWh/Tstat)
Office | Retail | Office | Retail | Office | Retail Office Retail | Office Retail | Office | Retail
1 $442 $400 $335 $305 $107 $95 0.85 0.76 0.09 0.08 40.41 37.74
2| $475 $381 $363 $293 $113 $88 0.90 0.70 0.10 0.08] 39.65 33.56
3| $404 $311 $304 $235 $100 $76 0.80 0.61 0.09 0.07| 34.59 27.95
4] %467 $389 $358 $299 $109 $90 0.87 0.71 0.10 0.08] 40.19 35.09
5| $409 $340 $305 $256 $103 $85 0.82 0.67 0.09 0.07| 37.07 31.81
6] $439 $370 $325 $276 $114 $94 0.91 0.75 0.10 0.08] 41.96 36.64
7] $497 $417 $382 $321 $114 $96 0.91 0.77 0.10 0.09] 44.02 39.27
8| $423 $347 $320 $264 $103 $83 0.82 0.66 0.09 0.07| 37.68 32.87
9| $471 $389 $361 $300 $110 $89 0.87 0.71 0.10 0.08] 41.03 36.15
10| $479 . $382 $361 $290 $118 $92 0.94 0.73 0.10 0.08] 43.28 36.84
11| $554 $455 $434 $360 $120 $95 0.95 0.76 0.11 0.08| 42.86 38.84
12[  $542 $448 $421 $350 $121 $97 0.97 0.78 0.11 0.09] 44.95 39.77
13| $505 $424 $384 $325 $122 $98 0.97 0.78 0.11 0.09| 45.24 41.03]
14| $525 $441 $400 $339 $125 $102 1.00 0.81 0.11 0.09| 44.28 39.67|
15| $543 $445 $409 $339 $134 $106 1.07 0.84 0.12 0.09| 47.51 41.63]
16| $456 $363 $353 $282 $103 $81 0.82 0.64 0.09 0.07| 35.85 29.97
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Nonresidential Statewide Results
The statewide estimates of energy, demand and cost savings are developed by multiplying the savings per thermostat
in the above section and multiplying by an estimate of the number of thermostats statewide. The estimate for the
number of thermostats in nonresidential buildings is based on an average of the last 4 years of construction activity.
We assume that there is a thermostat for every 2,000 sf of floorspace and all new air conditioned spaces have a
demand control. If we are considering only those spaces that would be served with a stand alone thermostat or PCT
then we would only consider single zone systems. Single zone systems account for 71% of all conditioned floor
space served. For more information about the estimates of new nonresidential floor space or the fraction of floor
space served by single zone systems please see Appendix 3 — Statewide Estimates of Air-Conditioned Dwelling
Units or Commercial Floor Space.

Table 11: Statewide Energy, Demand & Cost Savings — Nonresidential

Statewide Cost, Energy and Demand Savings Estimates for Nonresidential New Construction

PUBLIC INTEREST ENERGY RESEARCH
“Research Powers the Future"

Non- Emergency
Statewide Avg. Statewide |Emergency |Average Statewide
Annual New Statewide Emergency |Average Demand Energy
Title 24 Construction |Statewide Total|Resource Value Demand Savings Savings
California CTZ |Area (sf) Value (PV$) Value (PV$) |(PV$) Savings (kW) (kWh)
1 243,843 $52,887 $40,121 $12,765 102 11 4,862
2 1,376,745 $313,325 $239,423 $73,902 588 65 26,396
3 12,822,400 $2,361,494 $1,778,622| $582,872 4,635 515 205,343
4 9,490,575 $2,071,365 $1,590,207| $481,158 3,826 425 181,202
5 1,378,275 $264,782 $198,286 $66,496 529 59 24,260
6 7,724,368 $1,573,690 $1,168,741| $404,949 3,220 358 152,566
7 4,161,900 $967,252 $744,238| $223,015 1,774 197 87,626
8 12,008,175 $2,324,255 $1,762,553| $561,702 4,467 496 212,470
9 7,383,638 $1,589,231 $1,221,035| $368,196 2,928 325 142,646
10 9,455,800 $2,065,819 $1,560,883| $504,936 4,016 446 191,405
11 3,173,625 $812,464 $639,155| $173,309 1,378 153 65,300
12 14,837,825 $3,728,366 $2,902,041| $826,325 6,571 730 317,279
13 3,725,475 $880,808 $671,297| $209,511 1,666 185 81,139
14 12,239,230 $2,971,426 $2,272,987| $698,439 5,554 617 257,759
15 6,020,158 $1,512,318 $1,143,435| $368,884 2,934 326 135,708
16 2,277,345 $478,534 $371,340| $107,194 852 95 38,271
Total ACDR | 108,319,375 $23,968,017| $18,304,364| $5,663,652 45,040 5,004 | 2,124,231
Single Zone
PC 76,832,749 $17,000,916| $12,983,593| $4,017,323 31,948 3,550 | 1,506,753
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Residential Air Emission Impacts

Table 12: Base Case Pollution Savings per Tstat — Residential

Base Case Pollution Savings Estimates per Tstat for
Residential New Construction

NOx PM10 CO2
Reduction  Reduction |Reduction
Title 24 per Tstat per Tstat per Tstat
California CTZ (Lbs/Tstat) |(Lbs/Tstat) |(Tons/Tstat)
1 0.0022 0.0008 0.0069|
2 0.0034 0.0014 0.0110
3 0.0030 0.0012 0.0096
4 0.0036 0.0015 0.0119]
5 0.0042 0.0017 0.0137
6 0.0030 0.0012 0.0096
7 0.0033 0.0014 0.0114
8 0.0030 0.0012 0.0100
9 0.0043 0.0018 0.0147
10 0.0043 0.0017 0.0138
11 0.0046 0.0018 0.0148
12 0.0047 0.0018 0.0148
13 0.0049 0.0020 0.0158
14 0.0056 0.0022 0.0176
15 0.0064 0.0026 0.0206
16 0.0036 0.0014 0.0115
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Table 13: Statewide Pollution Savings — Residential

Statewide Pollution Savings Estimates for Residential New Construction

PUBLIC INTEREST ENERGY RESEARCH
“Research Powers the Future"

Statewide Statewide Statewide
CEC Title 24 Res New NOx PM10 cOo2
Forecast |California |Construction Reduction Reduction Reduction

Utility cz CTZ Homes/Yr (Lbs) (Lbs) (Tons)
PG&E 1 2 2,251 8 3 25
PG&E 5 3 968 3 1 9
PG&E 4 4 11,339 41 17 135
SCE 8 6 12,811 38 15 123
LADWP 11 6 1,869 6 2 18
SDG&E 13 7 7,674 26 11 87
SCE 9 9 14,301 61 26 210
LADWP 12 9 2,839 12 5 42
BDP 16 9 748 3 1 11
SCE 10 10 26,846 115 46 370
PG&E 2 12 7,908 37 14 117
SMUD 6 12 8,531 40 15 126
PG&E 3 13 18,855 92 37 298
SCE 7 13 3,121 15 6 49
Other 15 15 2,298 15 6 47
Other 14 16 605 2 1 7

122,963 513 207 1,673
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Nonresidential Air Emission Impacts

Table 14: Base Case Pollution Savings per Tstat— Nonresidential

Pollution Savings Estimates per Tstat - Nonresidential New Construction

Title 24 Statewide CO2
California Statewide NOx Statewide PM10 Reduction
CTz Reduction (Lbs/Tstat) |Reduction (Lbs/TStat) (Tons/Tstat)
Office Retail Office Retail Office Retail
1 0.009 0.008 0.004 0.003 0.029 0.026
2 0.008 0.007 0.003 0.003 0.027 0.023
3 0.008 0.006 0.003 0.002 0.025 0.019
4 0.009 0.007 0.003 0.003 0.028 0.024
5 0.008 0.007 0.003 0.003 0.026 0.022
6 0.008 0.007 0.003 0.003 0.028 0.024
7 0.008 0.007 0.003 0.003 0.027 0.025
8 0.008 0.007 0.003 0.003 0.026 0.022
9 0.008 0.007 0.003 0.003 0.027 0.023
10 0.010 0.008 0.004 0.003 0.031 0.026
11 0.009 0.008 0.004 0.003 0.030 0.027
12 0.010 0.008 0.004 0.003 0.033 0.026
13 0.010 0.008 0.004 0.003 0.031 0.027
14 0.009 0.009 0.004 0.004 0.031 0.029
15 0.010 0.008 0.004 0.003 0.033 0.027
16 0.007 0.007 0.003 0.003 0.024 0.021

As described earlier, 71% of nonresidential floor area is served by single zones systems that could be controlled by
stand-alone thermostats and thus easily by PCTs. Thus the pollution savings from PCTs is 71% of the total demand
responsive air conditioning savings based upon temperature setpoint set-up.
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Table 15: Statewide Pollution Savings — Nonresidential

Statewide Pollution Savings Estimates for
Nonresidential New Construction

“Research Powers the Future"

Statewide
Avg. Annual |Statewide |Statewide |Statewide
Title 24  |New NOx PM10 CO2
California |Construction |Reduction |[Reduction |Reduction
CTZ Area ( sf) (Lbs) (Lbs) (Tons)
1 243,843 1.1 04 3.5
2 1,376,745 54 2.2 17.8
3] 12,822,400 45.1 17.9 144.9
4 9,490,575 38.4 15.5 125.0
5 1,378,275 5.2 2.1 16.9
6 7,724,368 29.7 12.5 99.8
7 4,161,900 15.6 6.9 54.4
8/ 12,008,175 43.5 17.8 143.4
9 7,383,638 27.3 11.6 92.3
10 9,455,800 42.3 16.7 135.7
11 3,173,625 14.0 56 454
12| 14,837,825 69.3 275 223.1
13 3,725,475 16.6 6.8 54.8
14| 12,239,230 56.8 225 182.2
15 6,020,158 28.4 115 93.0
16 2,277,345 8.1 3.3 26.4
Total AC| 108,319,375 447 181 1,458
Zone
PCT 76,832,749 317 128 1,035

Cost-effectiveness

The savings calculated from PCTs is dependent upon the assumptions one uses for participation rates, rate design
etc. Thus we have developed five scenarios from a pessimistic estimate of savings to a very optimistic estimate of
savings. Along this continuum in the middle is the “base” scenario which we believe to be a reasonably likely
outcome of the statewide application of thermostats and a supporting utility rate design which returns most of the
resource acquisition value to PCT owners who allow their thermostat to be set-up during the curtailment periods.

The incremental first cost of a PCT is approximately $60 more than a standard programmable thermostat. Since the
period of analysis for residential buildings is 30 years and the PCT will have to be replaced in 15 years, the
discounted (3% real rate), incremental life cycle equipment cost of PCTs is $100.

What the results in Table 16 indicate is that cost-effectiveness is dependent on climate zone but is even more highly
dependent upon the scenario of assumptions used to calculate savings. Our best estimate at predicting savings
indicates that PCTs are cost-effective. However the results are dependent upon the rules that are created for demand
response programs and how people respond.
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Table 16 Residentail Cost-Effectiveness by CTZ and Scenario

ResidentialBenefit/Cost Ratio
Residential New Construction
Climate |(-) Very (-) (=) Base |(+) (++) Very
Zone |Pessimistic |[Pessimistic|Case Optimistic|Optimistic
1 2 3 4 5

1 0.0 0.2 1.46 5.1 6.3
2 0.1 0.5 2.9 6.0 7.5
3 0.1 0.4 2.5 5.7 6.9
4 0.1 0.5 3.2 6.9 8.4
5 0.1 0.4 3.1 5.3 6.3
6 0.1 0.5 2.4 5.3 6.4
7 0.1 0.6 3.4 6.0 7.5
8 0.1 0.5 2.8 5.8 7.1
9 0.1 0.8 4.3 9.7 12.1
10 0.1 0.6 3.4 7.3 9.1
11 0.1 0.7 4.4 8.5 10.6
12 0.1 0.6 4.1 8.5 10.7
13 0.1 0.7 4.1 8.4 10.2
14 0.1 0.7 4.6 9.4 11.5
15 0.1 0.9 5.4 10.8 13.4
16 0.1 0.5 3.2 6.8 8.3

In nonresidential buildings, the life of the thermostat is the same as the period of analysis, 15 years. As a result, the
present value of the incremental equipment cost is the same as the incremental first cost or $50. The results in
Table 17 indicate that cost-effectiveness of PCTs is greater in nonresidential spaces than in residential homes.
Whether PCTs are cost-effective is dependent on scenario, but under the base scenario, PCTs are very cost-effective.

Table 17: Nonresidential Cost-Effectiveness by CTZ and Scenario

Nonresidential Benefit/Cost Ratio
Office Retail
Climate |(--) Very ) (=) Base |(+) (++) Very |(-) Very ) (=) Base |(+) (++) Very
Zone |Pessimistic |Pessimistic |Case Optimistic|Optimistic|Pessimistic [Pessimistic |Case Optimistic|Optimistic
1 2 3 4 5 1 2 3 4 5
1 0.2 1.2 7.4 9.6 15.8 0.2 1.0 6.7 10.0 16.3
2 0.2 1.3 7.9 11.8 19.3 0.2 1.0 6.3 12.2 19.8
3 0.2 1.2 6.7 10.1 16.5 0.1 0.8 5.2 10.1 16.3
4 0.2 1.3 7.8 11.7 19.0 0.2 1.0 6.5 12.0 19.4
5 0.2 1.2 6.8 9.4 15.2 0.1 0.9 5.7 9.5 15.3
6 0.2 1.3 7.3 9.7 16.1 0.2 1.0 6.2 10.1 16.6
7| 0.3 1.5 8.3 10.9 17.9 0.2 0.9 7.0 11.1 18.2
8 0.2 1.2 71 10.9 18.0 0.2 0.9 5.8 10.7 17.5
9 0.2 1.3 7.8 12.4 20.4 0.2 1.0 6.5 12.7 20.8
10 0.2 14 8.0 11.8 19.6 0.2 1.0 6.4 12.3 20.3
11 0.2 1.5 9.2 12.9 20.8 0.2 1.1 7.6 12.8 20.6
12 0.2 14 9.0 13.1 21.5 0.2 1.1 7.5 13.6 22.3
13 0.2 14 8.4 12.6 20.2 0.2 1.1 7.1 12.7 20.3
14 0.2 1.4 8.8 12.1 19.8 0.2 1.1 7.3 12.2 19.7
15 0.2 1.5 9.0 13.7 22.6 0.2 1.2 7.4 13.6 22.2
16 0.2 1.3 7.6 11.8 19.0 0.2 0.9 6.0 12.1 19.5
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Recommendations

Proposed Standards Language
Proposed Language for Definitions Section of the Building Efficiency Standards

SECTION 101 — DEFINITIONS AND RULES OF CONSTRUCTION

(2) Rules of Construction.
1.  Where the context requires, the singular includes the plural and the plural includes the singular.

2. The use of "and" in a conjunctive provision means that all elements in the provision must be complied with,
or must exist to make the provision applicable. Where compliance with one or more elements suffices, or
where existence of one or more elements makes the provision applicable, "or" (rather than "and/or") is
used.

3. "Shall" is mandatory and "may" is permissive.

(b) Definitions. Terms, phrases, words and their derivatives in Title 24, Part 6, shall be defined as specified in
Section 101. Terms, phrases, words and their derivatives not found in Section 101 shall be defined as specified
in Title 24, Part 2, Chapter 2 of the California Code of Regulations. Terms, phrases, words and their derivatives
not found in either Title 24, Part 6, or Chapter 2 shall be defined as specified in Title 24, Part 2, Chapter 2 of the
California Building Code. Where terms, phrases, words and their derivatives are not defined in any of the
references above, they shall be defined as specified in Webster's Third New International Dictionary of the
English Language, Unabridged (1987 edition), unless the context requires otherwise.

DEMAND RESPONSE PERIOD is a period of time during which the local utility is curtailing electricity loads by
sending out a demand response signal.

DEMAND RESPONSE SIGNAL is an electronic signal sent out by the local utility indicating a request to their
customers to curtail electricity consumption.

Proposed Nonresidential Standards Language
SUBCHAPTER 3 NONRESIDENTIAL, HIGH-RISE RESIDENTIAL, AND HOTEL/MOTEL
OCCUPANCIES—MANDATORY REQUIREMENTS FOR SPACE-CONDITIONING AND SERVICE
WATER-HEATING SYSTEMS AND EQUIPMENT
SECTION 122 — REQUIRED CONTROLS FOR SPACE-CONDITIONING SYSTEMS

Space-conditioning systems shall be installed with controls that comply with the applicable requirements of
Subsections (a) through (h).

(e) Shut-off, and Reset and Demand Response Controls for Space-conditioning Systems. Each space-
conditioning system shall be installed with controls that comply with Items 1, and 2 and 3 below:

1. The control shall be capable of automatically shutting off the system during periods of nonuse and shall
have:

A. An automatic time switch control device complying with Section 119 (c), with an accessible manual
override that allows operation of the system for up to four hours; or

B. An occupancy sensor; or
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C. A four-hour timer that can be manually operated.

EXCEPTION to Section 122 (e) 1: Mechanical systems serving retail stores and associated malls,
restaurants, grocery stores, churches, and theaters equipped with 7-day programmable timers.

2. The control shall automatically restart and temporarily operate the system as required to maintain:
A. A setback heating thermostat setpoint if the system provides mechanical heating; and

EXCEPTION to Section 122 (e) 2 A: Thermostat setback controls are not required in areas where
the Winter Median of Extremes outdoor air temperature determined in accordance with Section 144 (b)
4 is greater than 32°F.

B. A setup cooling thermostat setpoint if the system provides mechanical cooling.

EXCEPTION to Section 122 (e) 2 B: Thermostat setup controls are not required in areas where the
Summer Design Dry Bulb 0.5 percent temperature determined in accordance with Section 144 (b) 4 is
less than 100°F.

EXCEPTION 1 to Section 122 (e) 1& 2: Where it can be demonstrated to the satisfaction of the enforcing
agency that the system serves an area that must operate continuously.

EXCEPTION 2 to Section 122 (e)_1& 2: Where it can be demonstrated to the satisfaction of the enforcing
agency that shutdown, setback, and setup will not result in a decrease in overall building source energy use.

EXCEPTION 3 to Section 122 (e)_1& 2: Systems with full load demands of 2 kW or less, if they have a
readily accessible manual shut-off switch.

EXCEPTION 4 to Section 122 (e)_1& 2: Systems serving hotel/motel guest rooms, if they have a readily

accessible manual shut-off switch.

3. If the building is provided a demand response signal by the local utility, the control shall comply with the
communication requirements of the local utility and be capable and installed to set up the cooling setpoint
by 4°F during the demand response period. If the control is controlling a heat pump, the control shall also
be capable and installed to turn off supplementary resistance heating during the demand response period.

EXCEPTION to Section 122 (e) 3: Systems serving zones that must have constant temperatures for patient
health or to prevent degradation of materials, a process, or plants or animals.

Note this language in this exception is the same as the language used in the Exception to Section 122(b) “Criteria
for Zonal Thermostatic Controls.” This language should be reviewed to see if it is too broad.

Proposed Residential Standards Language
SUBCHAPTER 7 LOW-RISE RESIDENTIAL BUILDINGS — MANDATORY FEATURES AND DEVICES
SECTION 150 - MANDATORY FEATURES AND DEVICES
Any new construction in a low-rise residential building shall meet the requirements of this Section.

@) Setback and Demand Responsive Thermostats. All heating and/or cooling systems other than wood
stoves shall have an automatic thermostat that complies with items 1 and 2 below.

1. Thermostat shall have-with a clock mechanism or other setback mechanism approved by the executive
director that shuts the system off during periods of nonuse and that allows the building occupant to
automatically set back the thermostat set points for at least two periods within 24 hours. Setback
thermostats for heat pumps shall meet the requirements of Section 112 (b).
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2. If the building is provided a demand response signal by the local utility, the control shall comply with
the communication requirements of the local utility and be capable and installed to set up the cooling
setpoint by 4°F during the demand response period. If the control is controlling a heat pump, the
control shall also be capable and installed to turn off supplementary resistance heating during the
demand response period.

EXCEPTION to Section 150 (i): Gravity gas wall heaters, gravity floor heaters, gravity room heaters, noncentral
electric heaters, room air conditioners, and room air-conditioner heat pumps need not comply with this requirement.
Additionally, room air-conditioner heat pumps need not comply with Section 112 (b). The resulting increase in
energy use due to elimination of the setback thermostat shall be factored into the compliance analysis in accordance
with a method prescribed by the executive director.

PCT Specifications in the Title 24 Standards

LBNL (Lawrence Berkeley National Laboratory) is conducting PIER sponsored research into a flexible PCT
platform which can be reconfigured over time. The outcome of this research will include a specification for PCTs
that could be incorporated into the above sections of the Standard or into the Joint Appendices of the Standard.
Since the PCT is but one piece of the larger statewide utility communications infrastructure and must be readily
manufactured by multiple vendors, this specification will be the subject of a collaborative effort between LBNL, the
CEC, the California Utilities and equipment manufacturers.

Alternative Calculation Method Manual

If the Commission desires to model the action of the PCT thermostats in the performance method, a listing of the
hours that thermostats are set-up could be added to the ACM Manual. These hours would be for a predetermined
number of days and likely a fixed number of hours on these days. This is within the capabilities of the current
reference program DOE-2.1E.
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Appendix 1 - Building Energy Simulation Description

Introduction

This document describes the procedures used to determine the technical potential of demand controlled thermostats
applied to residential and small commercial HVAC systems in California. The work was directed by Carlos Haiad.
Accompanying spreadsheets provide the detailed results and interactive graphics that form the main deliverable of
this project.

Project Scope

Phase 1 of this project concentrates on the most common applications for demand-controlled thermostats: residential
systems in the range of 2 — 5 tons and small commercial packaged systems in the range of 5 — 10 tons. For these
combinations of buildings and HVAC types, a range of building shells and HVAC configurations are examined for
the sixteen standard California climate zones. The combination of shell and HVAC options used are intended to
capture the range of cooling loads that will be encountered during a given demand period.

Twenty-one thermostat control periods, defined by a starting hour and a duration, are applied to each of the

building/HVAC combinations for both the hottest day and tenth hottest day of each climate zone. All of these
options lead to a total of more than 169,000 individual results derived from more than 48,000 simulations.

Table 18: Simulation options for each building type

Zones Building HVAC Base Demand Demand number number
Building Individual per Shells Sizing T-Stat period day Climate of of
Types Buildings Building (Vintages) [ Options | Options | Options [ Definitions Zones simulations results
Small Office 1 10 3 2 2 22 2 16 8448 80640
Small Retail 4 2 3 2 2 22 2 16 33792 64512
Single Family 4 1 3 1 3 22 2 16 6336 24192
totals: 48,576 169,344

Building Types and HVAC systems

The three building types used for this study were chosen from a larger list of buildings types that are likely
candidates for controllable thermostats. These three building types are the most common application of the HVAC
systems of interest to this study.

Small Office:
e 2 stories,
e 20,000 square feet total area,
e square footprint (aspect ratio = 1),
e  cach floor has 4 perimeter zones and one core zone,
o 22.5 perimeter depth, (core = 30% of total area),
e asingle HVAC unit serves each of 10 zones.
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Small Retail:

2 zones per building: sales (80% of total area) and storage,

4 buildings: front wall with display windows facing each cardinal direction,
8,000 square feet total area per building,

aspect ratio = 1.5, (approx 73’ x 100”),

three HVAC units serve the sales area; a single system serves the storage.

Single Family:

e  Two 2-story models (one facing East-West, one facing North-South),
e two l-story models (one facing East-West, one facing North-South),
e total area of each house varies with vintage and climate zone,

e cach of 4 houses served by a single HVAC system.

Building Shells

Typical building construction models from three time periods are used to capture the variety of building shells that
are associated with the three building types. Definitions for an old vintage (pre-1975), a mid-1990s vintage (1993 —
2001) and a new vintage for each of the building types are taken from the 2005 DEER Update Study. The definition
includes insulation levels, glass type, total window area as well as internal loads such as lighting and equipment
levels.

HVAC Sizing Options

The HVAC sizing methodology used in the 2005 DEER Update Study is repeated for this analysis. For residential
simulations, this means using fixed HVAC capacities that have been determined for each climate zone based on
vintage and house size. For the commercial simulations, design days are used to determine peak loads. Cooling and
heating HVAC capacities are then calculated as the peak design day load multiplied by a sizing factor. The DEER
study used a sizing factor of 1.3 for cooling. For this analysis, separate simulations are conducted with a cooling
sizing factor of 1.3 and 1.5 used to determine the cooling capacities. An earlier study of similar building types
found that installed cooling capacities typically fall between 1.2 and 1.6 times the design day peak loads.

Base Thermostat Options

Each of the commercial building types have two options for the cooling thermostat schedule used during normal (i.e.
non demand-controlled) operation. The small office uses either a constant 72 °F or 74 °F from 7a.m. to 8p.m. while
the small retail uses these same temperatures from 8a.m. to 10p.m. Both of these building types assume the
nighttime cooling thermostat set point is set up to 85 °F.

The residential models use a daytime cooling thermostat set point of 74 °F or 76 °F from 8a.m. to 10p.m., with a
nighttime set point of 78 °F. A third option for the residential models uses the Title-24 residential cooling
thermostat schedule, which assumes a set point of 83 °F from 7a.m. to 1p.m., followed by a decrease of 1°F each
hour until the set point hits 78 °F at Sp.m. and stays there until 7a.m. the following day.
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The limits for the demand control period for this analysis are noon and 6p.m. A control period can start at any hour
from noon to 5p.m. and last as little as one hour or last until 6p.m. Table 2 shows all of the potential control periods
given these limitations. The first row of this table, with an index of zero, represents the simulation that has no

demand control (also referred to as the “baseline” run).

Table 19: Demand Period Definitions

Start

Index Time Duration | End Time
0 na na Na
1 noon 1 hr 1:00 PM
2 noon 2 hrs 2:00 PM
3 noon 3 hrs 3:00 PM
4 noon 4 hrs 4:00 PM
5 noon 5 hrs 5:00 PM
6 noon 6 hrs 6:00 PM
7 1:00 PM 1 hr 2:00 PM
8 1:00 PM 2 hrs 3:00 PM
9 1:00 PM 3 hrs 4:00 PM
10 1:00 PM 4 hrs 5:00 PM
11 1:00 PM 5 hrs 6:00 PM
12 2:00 PM 1 hr 3:00 PM
13 2:00 PM 2 hrs 4:00 PM
14 2:00 PM 3 hrs 5:00 PM
15 2:00 PM 4 hrs 6:00 PM
16 3:00 PM 1 hr 4:00 PM
17 3:00 PM 2 hrs 5:00 PM
18 3:00 PM 3 hrs 6:00 PM
19 4:00 PM 1 hr 5:00 PM
20 4:00 PM 2 hrs 6:00 PM
21 5:00 PM 1 hr 6:00 PM

The accompanying spreadsheets contain results for each of these control periods, but the summary tables use only
the demand period that begins at 2p.m. and lasts until 6p.m., as this is considered to be the demand period of most

interest.

Demand Day Definitions

The demand control periods defined above are applied to two days each year: the hottest day and the 10™ hottest
day. To determine the hottest days, each day is ranked by the average temperature from noon to 6p.m. plus the
maximum temperature from noon to 6p.m. Table 3 shows the dates for these two hot days for each climate zone.
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Table 20: Control Days used in the analysis (hottest and 10th hottest days)

Hottest Day 10" Hottest Day
Climate Annual Ave Max Ave Max
Zone Year | Max (°F) | Month | Day | T(°F) | T(°F) | Month | Day | T(°F) | T (°F)
Cz01 1991 80 OCT 1 71 80 AUG 29 71 72
CZz02 1998 99 JUL 23 96 99 SEP 16 93 96
Cz03 1994 91 SEP 28 87 91 OCT 3 82 84
Cz04 1998 97 AUG 27 93 97 SEP 21 86 90
Cz05 1995 93 SEP 4 84 93 SEP 27 76 82
CZ06 1998 89 AUG 31 83 87 OCT 2 77 83
Czo7 1993 92 OCT 27 85 90 JUL 21 81 86
CZ08 1998 98 SEP 24 91 98 JUL 20 88 92
Cz09 1993 102 SEP 24 98 102 JUL 12 92 97
Cz10 1991 104 AUG 13 101 104 SEP 3 96 101
Cz11 1998 105 JUL 15 103 105 JUL 1 99 100
Cz12 1991 103 AUG 20 102 103 JUL 12 98 100
Cz13 1991 106 AUG 1 104 106 AUG 19 101 104
Cz14 1994 106 JUL 11 104 106 AUG 9 101 103
Cz15 1998 115 JUL 7 113 115 AUG 17 111 113
CZ16 1991 96 JUL 5 93 95 AUG 5 88 91

The year shown in this table was chosen such that both the hottest day and the 10th hottest day fall on weekdays.
The simulations use this year to assure that the building models will be using occupied schedules for the control
days.

More details regarding the criteria used to choose the hot days and the actual hot day temperature profiles are
available in the accompanying “Peak Day Definition” spreadsheet.

Analysis Procedure

The 2005 DEER Update Modeling Tool was used to create the climate zone and vintage dependent DOE2 building
models described above. Batch procedures and manual editing were used to modify the DOE2 models to
accommodate the thermostat and HVAC modeling needed for this analysis.

Modifications to the 2005 DEER small retail model include:

e Removing the windows from all but the front wall,

e setting an aspect ratio of 1.5, with the front having the smaller side,

e creating 4 separate building by rotating the model to face each cardinal direction,

o replacing the HVAC specifications with detailed SEER-10 packaged system performance curves.

Modifications to the 2005 DEER small office model include:

e Changing the total area from 10,000 ft® to 20,000 ftz,
e increasing the perimeter depth from 15 to 22.5 feet to better accommodate the HVAC sizes of interest,

o replacing the HVAC specifications with detailed SEER-10 packaged system performance curves.
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Modifications to the 2005 DEER single-family residential model include:

e Replacing the SEER 8.5 unit in the “pre-1975” vintage with SEER 10 unit specifications.

HVAC modeling

This analysis utilizes the detailed residential HVAC performance curves developed for the 2005 DEER Update
Study. Instead of relying on DOE2 default values for HVAC performance, expanded engineering data for actual
residential split systems are used. The process used to choose the typical HVAC unit within each SEER level is
documented in the SCE report “DEER Residential SEER-Rated Units Performance Maps Phase2”. This report is
available from the 2005 DEER documentation as “DEER-SEERUnitPerformanceMapsPhase2 2005-04-07b.pdf”.
The residential models use the median performing SEER 10 and SEER 13 performance maps.

The development of detailed HVAC performance maps was expanded to include small commercial packaged units.
Detailed performance curves were derived for a wide range of SEER and cooling capacity levels. For this
application, the data were filtered down to units with a SEER level between 9.7 and 10.3, and with rated cooling
capacities between 55,000 and 100,000 BTU/hr (approximately 4.5 to 8.5 tons). The performance curves of the
median unit were chosen as the basis for the commercial simulations for this analysis.

Thermostat Modeling

The base case thermostat schedules described above were used to establish the HVAC demand in the absence of
thermostat control. For each base case thermostat simulation, 21 additional simulations were conducted that
increase thermostat setpoint by 4 degrees during the control periods described in table 2. Figures 1 and 2 below
show the base case and controlled case cooling thermostat schedules for two of the residential scenarios. In these
examples, the control period is from 2p.m. to 6p.m. The commercial thermostat schedules are similar in shape to
those shown in figure 1, with different daytime and nighttime set points.
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Figure 7. Residential Baseline and Control day cooling thermostat schedule

Calculation of Demand Reduction

The demand reduction is determined by comparing the baseline hourly demand to the hourly demand of the control
day using the modified thermostat schedule. Two definitions of demand reduction are presented in the results
spreadsheets. The first definition is referred to as “average demand reduction” with the units of kWh/hr-ton. These
values are calculated as the simple difference in hourly energy use from one scenario to the other, normalized by the
cooling capacity in tons.

The second demand definition is referred to as “run-time demand reduction” with units of kW/ton. These values are
calculated as the demand reduction during the fraction of the hour when the baseline HVAC compressor was
operating, normalized by the cooling capacity in tons. These values are always greater than or equal to the average
demand reduction.

Simulation Results

The challenge of presenting nearly 170,000 sets of results is how to present the results in a meaningful and useful
way without overwhelming the viewer with too many tables and graphs. The spreadsheets accompanying this report
filter the results down to a single table for each building type. The spreadsheets also present interactive graphs that
allow for the examination and comparison of each individual set of results.

Average Results

The summary table for “average demand reduction” for the small office building type is shown below. This table
presents the values of most interest along with some indications of reliability.
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Table 21 Summary Results for Small Office

Whole Building Average Demand Reduction (kWh/hr-ton) Ind. Zones
Climate Control Period = 2pm - 6pm period First Hour First Hour
Zone 1st hr 2nd hr 3rd hr 4th hr Averag Min Max Min Max
e
CZ01 0.29 0.23 0.18 0.17 0.22 0.21 0.37 0.12 0.62

Cz02 0.26 0.16 0.14 0.12 0.17 0.18 0.35 0.12 0.56
CZ03 0.25 0.16 0.13 0.12 0.17 0.18 0.34 0.11 0.58
Cz04 0.25 0.16 0.14 0.13 0.17 0.17 0.34 0.11 0.57
CZz05 0.25 0.16 0.13 0.12 0.17 0.18 0.33 0.11 0.60

CZ06 0.23 0.14 0.12 0.11 0.15 0.16 0.31 0.10 0.60
Czor 0.25 0.17 0.15 0.13 0.17 0.18 0.34 0.10 0.72
CZ08 0.25 0.15 0.13 0.11 0.16 0.17 0.33 0.11 0.56

CZ09 0.24 0.16 0.14 0.12 0.16 0.17 0.33 0.11 0.61
CZ10 0.25 0.16 0.13 0.12 0.16 0.18 0.34 0.11 0.53
CZ11 0.25 0.16 0.13 0.12 0.16 0.17 0.33 0.11 0.53
Cz12 0.25 0.16 0.14 0.13 0.17 0.17 0.33 0.11 0.54
CZ13 0.24 0.16 0.14 0.13 0.17 0.17 0.33 0.11 0.55
CZ14 0.23 0.15 0.13 0.12 0.16 0.16 0.31 0.10 0.49
CZ15 0.24 0.15 0.14 0.13 0.16 0.16 0.32 0.11 0.53
CZ16 0.27 0.17 0.14 0.13 0.18 0.18 0.37 0.11 0.65

The results presented in this table are for a single demand control period: from 2p.m. to 6p.m., and are averaged
across 240 combinations of building shell and HVAC configurations:

- 10 zones: 4 perimeter and 1 core for each of two floors
- 3 vintages: pre-1975, 1993 — 2001 new

- 2 base cooling setpoints: 72F, 74F

- 2 control days: hottest day, 10th hottest day

- 2 cooling equipment sizing ratios: 1.3, 1.5

These are “whole building” results in that the individual results for each HVAC system in the 10-zone building are
averaged together. The whole building results are further averaged across the various vintages, base cooling
thermostats, cooling equipment sizing ratios and control day definitions. Some of these variables may have weights
that can be applied, as opposed to simply averaging the results. Alternative methods of combining the data can be
applied to the individual sets of results that are also included in the spreadsheets.

Columns 2 through 5 of this table present the average demand reduction per ton of cooling capacity for each of the
hours of the control period; column 6 is the average demand reduction across all four hours of the control period.
Columns 7 and 8 bracket the range of whole building first hour demand savings across the various vintages, base
cooling thermostat set points, control days and cooling equipment sizing factors.

In climate zone CZ01, for example, the average whole building demand savings is 0.29 kWh/hr-ton in the first hour
of the control period. The minimum whole building demand savings for any vintage, base cooling set point,
equipment sizing ratio or control day is 0.21 kWh/hr-ton while the maximum savings across these model variations
is 0.37 kWh/hr-ton. The minimum and maximum first hour savings for any particular HVAC system across these
variables is given in columns 9 and 10 and is necessarily a wider range of results than the whole building minimum
and maximum values.

Table 22 presents a similar set of results for the small retail building. In this case, “whole building” refers to the
combination of sales and storage areas.
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Table 22 . Summary Results for Small Retail

Whole Building Average Demand Reduction (kWh/hr-ton) Ind. Zones

Climate Control Period = 2pm - 6pm period First Hour First Hour
Zone 1sthr | 2ndhr | 3rd hr 4" hr | Average Min Max Min Max
Cz01 0.26 0.30 0.25 0.25 0.27 0.19 0.36 0.18 0.39
Cz02 0.23 0.20 0.18 0.16 0.19 0.19 0.27 0.17 0.29
Cz03 0.21 0.21 0.17 0.16 0.19 0.17 0.26 0.16 0.28
Cz04 0.23 0.22 0.18 0.18 0.20 0.19 0.26 0.17 0.29
Cz05 0.22 0.21 0.18 0.17 0.20 0.18 0.26 0.16 0.29
CZz06 0.20 0.19 0.16 0.16 0.18 0.17 0.23 0.15 0.25
Czo7 0.22 0.22 0.19 0.17 0.20 0.17 0.27 0.16 0.29
CZ08 0.22 0.18 0.16 0.15 0.18 0.18 0.27 0.16 0.31
CZ09 0.22 0.19 0.18 0.16 0.19 0.17 0.27 0.14 0.29
Cz10 0.21 0.18 0.16 0.15 0.18 0.18 0.26 0.15 0.27
CZ11 0.21 0.18 0.16 0.15 0.17 0.17 0.25 0.15 0.27
Cz12 0.21 0.19 0.17 0.16 0.19 0.17 0.26 0.15 0.27
Cz13 0.20 0.18 0.16 0.16 0.17 0.15 0.25 0.08 0.26
Cz14 0.20 0.17 0.15 0.15 0.17 0.14 0.24 0.07 0.25
Cz15 0.17 0.15 0.14 0.14 0.15 0.10 0.23 0.00 0.24
CZ16 0.25 0.22 0.19 0.17 0.21 0.21 0.30 0.18 0.31

These results are averaged across 192 combinations of building shell and HVAC configurations:

4 orientations: front facing North, East, South, West
2 zones: sales and storage

3 vintages: pre-1975, 1993 — 2001 new

2 base cooling setpoints: 72F, 74F

2 control days: hottest day, 10th hottest day

2 cooling equipment sizing ratios: 1.3, 1.5

Compared to the Small Office results, savings for the retail building are somewhat smaller, but with a smaller range
between first hour minimum and maximum savings.

The summary results for the single-family building are presented in Table 23. For this building type, the results are
averaged across 72 combinations of building shell and HVAC configurations:

2 building sizes: 1 story, 2 story

2 building orientations: windows facing East & West, windows facing North & South
3 vintages: pre-1975, 1993 - 2001 new

3 base cooling setpoints: 74F, 74F, Title-24 schedule

2 control days: hottest day, 10th hottest day

Columns 7 and 8 of Table 23 are the minimum and maximum demand savings for any of the configurations listed
above. Unlike the results for the small office and small retail buildings, the “whole building” and “individual zone”
results are the same, so there is no need for the second set of Min/Max results.
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Table 23. Summary Results for Single-Family

Average Demand Reduction (kWh/hr-ton)

Climate Control Period = 2pm - 6pm period First Hour
Zone 1st hr 2nd hr 3rd hr 4th hr Average Min Max
Cz01 0.22 0.20 0.14 0.16 0.18 0.00 0.50
Cz02 0.34 0.23 0.20 0.17 0.24 0.20 0.48
CZz03 0.28 0.18 0.15 0.13 0.18 0.20 0.33
Cz04 0.32 0.21 0.17 0.15 0.21 0.28 0.41
CZz05 0.26 0.19 0.16 0.14 0.19 0.00 0.35
CZz06 0.25 0.16 0.13 0.12 0.17 0.20 0.29
Czo7 0.31 0.21 0.18 0.16 0.21 0.24 0.41
CZ08 0.29 0.17 0.15 0.13 0.19 0.05 0.35
CZ09 0.34 0.22 0.18 0.16 0.23 0.09 0.44
Cz10 0.35 0.21 0.17 0.16 0.23 0.20 0.46
Cz11 0.37 0.22 0.18 0.15 0.23 0.27 0.45
Cz12 0.37 0.24 0.21 0.19 0.25 0.26 0.47
Cz13 0.36 0.23 0.19 0.16 0.24 0.14 0.49
Cz14 0.34 0.23 0.20 0.18 0.24 0.22 0.42
Cz15 0.35 0.21 0.19 0.17 0.23 0.09 0.45
Cz16 0.29 0.18 0.16 0.13 0.19 0.23 0.35

Individual Results

The results spreadsheets include all of the sets of individual simulation results produced for this analysis (which
explains why the spreadsheets are so large). Summary tables like the ones presented above are included in the
spreadsheet, as are tables with greater detail and less averaging across the building configurations. In the small
retail results spreadsheet, for example, the tab labeled “AllRes 2p-6p” presents the demand savings results for the
control period defined from 2p.m. to 6p.m. for all whole-building configurations in a table 384 rows long and
51columns wide.
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Hourly Energy Use Profiles
CZ09, 2005 vintage, 72 base T, 2p - 6p control period, 10th hottest day, SizRat = 1.5
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Figure 8 Small Office Energy Use Profile for a specific building configuration

Even greater detail is available on the interactive graphics tab, where the results of all zones and all control periods
can be viewed. Diagnostic results, such as interior temperatures for each zone and hourly HVAC energy use,
provide insight to how the simulation models are working. Figure 8 Small Office Energy Use Profile for a specific
building configuration shows an example of the hourly energy use profile graph. The dotted lines show the effect of
the demand control cooling schedule on the hourly HVAC energy use.

The “hourly average reduction” graph shows the demand savings for each zone and for each hour of a particular
building configuration. The increase in HVAC energy use (negative savings values) after the control period ends
can be seen in these results.
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Hourly average reduction (kW/ton)
CZ09, 2005 vintage, 72 base T, 2p - 6p control period, 10th hottest day, SizRat = 1.5
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Figure 9 Small Office Demand Savings for each zone and all hours for a specific building
configuration
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Additional Analysis

This work could be expanded to study the sensitivity of demand reduction to residential cooling capacity. Currently,
there is some diversity in the cooling sizing factor built into the residential models, but the sensitivity of demand
savings to the cooling sizing factor has not been explicitly examined.

This analysis includes only the two most common commercial building types that use small packaged HVAC
systems and single-family residences. The building types listed below also use the HVAC system types of interest
to this study:

Residential - Multifamily
Residential - Double-Wide Mobile
Assembly

Education - Primary School
Education - Secondary School
Education - Community College
Education - Relocatable Classroom
Manufacturing - Bio/Tech
Manufacturing - Light Industrial
Restaurant - Sit-Down
Restaurant - Fast-Food

Retail - Single-Story Large

Sensitivity of demand reduction during control periods to the actual HVAC unit used has not been examined. This
analysis uses the “median performing” unit, determined by annual energy use. Performance characteristics for a
range of HVAC units within each SEER level have already been developed and could be used to determine the
impact of unit selection on demand savings.
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Appendix 2 — PCT Capabilities and Pricing Survey

Preliminary PCT Specification

The initial starting point for the PCT functionality specification was provided by the CEC and is presented below in
Figure 10 Preliminary PCT Specification. Although this specification is slightly different from that used in the
earliest stakeholder interviews conducted under this project, we believe the CEC specification is sound, well
supported by the documents included in the literature review as well as our previous research, and consistent with
the opinions of the majority of relevant industry stakeholders. We therefore adopted this specification as the basis
for our investigations into PCT costs, benefits, and stakeholder positions in all communications subsequent to the
technology planning meeting held at Southern California Edison’s Customer Technology Applications Center on
July 15, 2005.
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Figure 10 Preliminary PCT Specification

Necessary Functions for Emergency Response

e Receive at least one type of communication signal to control thermostat set point
e Respond automatically to emergency signals
e Indicate the emergency state

Necessary Functions for Price Response

e Receive at least one type of communication signal to which the PCT can respond based upon
customer’s preference

e Be programmed by the customer to respond according to desired temperature changes at desired price
thresholds.

e Be capable of customer override during events

e Indicate the critical peak pricing state

Necessary Functions for Verification

e Transmit acknowledgement signal back with time stamp. (Note: Final determination of this function as
being necessary for the standards is pending.)

Potential Functions for Emergency Response

e Provide system operators with the ability to target specific geographic locations and select only the
amount of load necessary to address individual shortage situations

Potential Functions for Price Response

e  Ship the PCT with default heating and cooling setpoints at pre-programmed electric rate thresholds.

e Provide information to the user on energy usage and cost per hour/day/month from AC system

e Provide information to the user on energy usage and cost per hour/day/month from meter for total
consumption

Potential Functions for Verification

e Transmit information to the utility on the operating state of the controlled HVAC equipment
e  Transmit information to the utility on actual temperature and temperature settings

Other Potential Functions

e Remote programming and customer override/control via web or phone
Relay information signals to other appliances, pool pump, water heater, dryer or lighting.
Bundle the 5 wires between the HVAC system to the thermostat into one common plug, similar to a
phone cord system. This would allow for plug and play capability.
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Table 24 Hardware and installation costs for PCTs capable of emergency and price

responsiveness.
Sales Retail Wholesale to Contractors
Channel
Hardware Cost Installation Cost Hardware Cost Installation Cost
Annual Emergency Price Emergency Price Emergency Price Emergency Price
Response Response Response Response
Volume Response Response Response Response
50,000 $90 to $200 $95 to Little incremental cost $75 to $160 $75 to Little incremental cost
$200 relative to conventional $160 relative to conventional
thermostat. $75 to $100 thermostat. $75 to $100
100,000 $80 to $170 $80 to total. $60 to $135 $60 to total.
$170 $135
250,000 $60 to $125 $60 to $45 to $100 $45 to
$125 $100

We draw the following conclusions from these responses:

e Not surprisingly, the data in the table demonstrate that annual sales volume can play a significant role in the
cost of a PCT.
e Cost estimates vary by a factor of approximately 2 regardless of sales channel or volume. This appears to
be primarily linked to manufacturer assumptions regarding the type of communications receiver integrated
into the PCT.
e  These responses suggest that the market price of a PCT capable of responding to both emergency and price
signals would be only slightly higher than the market price of a PCT able to respond to only one of these
signals.
e PCTs can be installed at little if any incremental cost relative to conventional thermostats.

We also asked manufacturers to estimate the costs of PCTs that could acknowledge receipt of emergency and price
signals in addition to responding to those signals. The range of responses is presented in Table 25 for the same sales
channels and annual sales volumes as above. As above, the costs indicated in the table reflect hardware and
installation costs only, and explicitly do not include costs related to sending signals to or receiving responses from
installed PCTs.

From these responses we conclude that:

e  Moving from one-way to two-way communication adds considerable hardware and installation cost to a
PCT.

e  Manufacturers’ assumptions about how return path communications (PCT to utility) is established lead to
very different cost estimates among vendors for two-way communication. This results in the much broader
range of price estimates than was the case for one-way PCTs.

o Installation costs increase due to the need to verify two-way communication and in some cases due to
installation of additional equipment.
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Table 25 . Hardware and installation costs for two-way PCTs

Sales Retail Wholesale to Contractors
Channel
Hardware Cost Installation Cost Hardware Cost Installation Cost
Emergency Price Emergency Price Emergency Price Emergency Price
Response Response Response Response
Volume Response Response Response Response
50,000 $110 to $545 $110 to 2-way communication $100 to $100 to 2-way communication
$545 adds from $30 to $80 to $435 $435 adds from $30 to $80 to
installation costs, install costs, relatively
100,000 $105 to $515 $109 to relatively insensitive to | $93 to $410 $93 to insensitive to volume.
$515 volume. $410
250,000 $100 to $470 $100 to $86 to $375 $86 to
$470 $375

Communication costs.

Our initial investigation into the communication-related costs of operating a PCT network resulted in the consistent
message that cost structures are very flexible and highly dependent on the size, frequency, and timing of the
communications. None of the communications providers we interviewed were willing or able to provide cost
estimates in the abstract. Several providers indicated that they offer a variety of pricing structures that can be
adapted to particular applications. With the exception of the case in which utilities own and operate the
communications network, as could be the case with a power line carrier technology, our view is that the actual
pricing of the communications service is likely to be the result of a negotiation between the utility and the provider
for a specific application.

Subsequent to the technology planning meeting, we sent questionnaires to a set of 14 communications providers,
intended to elicit better information on the range of costs necessary to establish (where a network doesn’t already
exist) and operate a network capable of supporting the communications requirements of a growing population of
installed PCTs. The communications providers we contacted included companies operating networks based on
paging, cellular, satellite, PLC, BPL, and conventional VHF technologies. Unfortunately, response to this
questionnaire was substantially less robust than the response provided by PCT manufacturers, despite our repeated
attempts to encourage the communications companies to respond. Only four communications providers, two satellite
communications providers, one paging provider and one FM VHF provider, contributed substantive responses that
yield insight into the cost of establishing and operating a communications network to support PCT demand
responsiveness.

Because we were unable to gather robust information on the potential communication-related costs of a statewide
PCT network for some of the most prominent communications technologies within the time constraints of this
project, we are currently unable to provide guidance on the potential range of these costs. Information on the cost of
communicating with the population of PCTs is obviously critical to the determination of cost effectiveness of a Title
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24 requirement for PCTs in new construction. We therefore recommend that the CEC undertake additional research
into this question.

Refining the preliminary PCT functions and costs based on manufacturer and industry feedback.

Our primary role in this project was to gather information and opinions from relevant stakeholders regarding the
preliminary PCT specification, the existing and potential future market for these devices, and the costs and benefits
of PCTs incorporating different sets of functions. We solicited this information and opinion in three ways: via
telephone interviews conducted in late June and early July 2005, via “Post-It” notes and limited discussion during
the afternoon session of the July 15, 2005 technology planning meeting at SCE’s Customer Technology Application
Center in Irwindale, CA, and in written responses to three sets of questions distributed in August 2005.

As one would expect when soliciting opinion from a variety of stakeholders with a variety of capabilities and
(sometimes opposing) interests, there is no consensus among this group of the optimal functionality that should be
included in a minimum PCT specification. The good news, however, is that the majority of stakeholders largely
support the preliminary PCT specification presented by the CEC, and the project in general.

One of the main points of disagreement among vendors was with the requirement that all PCTs be capable of
sending an acknowledgment in response to emergency or price signals from the utility. Several vendors see this as a
more appropriate function for the AMI meter, which could provide an estimate of load reduction in addition to
acknowledging receipt of the signal. Others suggest that it would be more economical to include this functionality
only in a statistically valid sample of installed PCTs.

The necessity of a verification signal must be considered in the context of the ongoing Advanced Metering Initiative
(AMI) proceeding. If networks of remotely readable interval recording meters are built through AMI, then we agree
with those PCT vendors and others who argue that the PCT is the wrong place to verify that curtailment occurred.
Data collected from the meter can not only determine whether load was shed at a home or business, but also the
amount of load reduction—information a PCT could not easily (or inexpensively) provide. In the event that AMI
networks are not built, or are built only in some utility service areas, a requirement that PCTs be capable of
acknowledging emergency or CPP signals becomes more reasonable, but in our view, this functionality remains
unnecessary in this case as well. Instead, data on receipt of curtailment signal and load curtailment can be achieved
by installing two-way communicating PCTs and/or additional data acquisition equipment at a statistically significant
sample of homes and businesses at far lower societal cost than a requirement that each PCT be capable of
acknowledging receipt of a curtailment signal. We therefore recommend that the CEC not require PCTS to be
capable of acknowledging receipt of emergency or price signals.

A few stakeholders also expressed the opinion that the CEC specification did not go far enough in defining
necessary PCT functionality, and suggested that additional functionality be required, such as

e The ability to display additional information (such as energy consumption by the HVAC system, total
energy consumption, the state that the thermostat is in (cooling, heating, curtailment, etc.), the current price
of electricity or price period (low, medium, high, CPP));

e  The ability to receive and respond to control signals based on geographic location

e  The ability to program and control PCTs remotely via a web page.

e  The ability to control the HVAC system by both temperature setback and cycling

e Controls should have pre-set temperature setpoints at different prices

e Controls should be able to provide estimates of curtailable load
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In our view, only two of these nominations for necessary PCT functionality merit that status. These are 1) the ability
to address PCTs based on their geographical location, and 2) the ability to curtail load via both temperature setback
and compressor cycling.

Although it is certainly possible to implement both emergency and price response without this geographic
addressability, inability to dispatch PCTs by location would render the demand response resource they represent a
rather blunt instrument, with the potential to cause unnecessary consumer discomfort when system-wide curtailment
is implemented to respond to a localized problem. Moreover, geographic addressability is already a feature of many
PCTs that are on the market, and none of the manufacturers have indicated that this feature is a significant driver of
PCT cost.

In our view, it is important to add the capability to duty cycle air conditioners via the thermostat primarily because
duty cycling yields a more sustained load reduction. Duty cycling produces consistent load shed over the duration of
the curtailment period because the air conditioners shut off for the same percentage of time each hour. Temperature
offset only delivers short-term load reductions. Since temperature offset produces most of its load reduction during
the first hour, it’s a good strategy for short events such as brief transmission constraints or local distribution
problems.

While many of the other nominations for required functionality would be useful or advantageous for the consumer,
and some have the potential of enhancing demand responsiveness (such as displaying the current electricity price,
which could encourage consumers to manually control additional end-uses), in our view none are essential to the
CEC'’s stated goal of enabling emergency and price responsiveness in residential and commercial HVAC systems.
Many of these nominated functions are already available in commercial PCTs, and/or will likely be incorporated in
future models. Our recommendation is that the CEC allow the market to dictate PCT functionality beyond the
minimum functions that are necessary to procure this resource and operate it efficiently. We believe that geographic
addressability and compressor cycling are necessary for the efficient operation of a PCT network and that the
market does currently and will in the future provide these functions at little or no additional cost. We therefore
recommend that these functions be added to the CEC’s PCT specification.

Final Recommended PCT Specification

As discussed above, we recommend that one function listed as “Necessary” in the preliminary PCT specification—
transmitting an acknowledgment signal—be eliminated, and that both geographic addressability and cycling
capability be required by the CEC. Our proposed final PCT specification is presented in Figure ES-2. Our
recommendation is that the CEC allow the market to dictate PCT functionality beyond the minimum functions
identified in the figure.

Other Potential Demand-responsive Technologies

There are a limited number of additional technologies that the CEC may wish to consider integrating into building
energy/Title 24 standards in the future. These technologies fall into four categories: lighting controls, building
automation systems, direct load control switches, and frequency and voltage protection controllers.

In the category of lighting controls, we considered systems based on the Digitally Addressable Lighting Interface,

wireless lighting control systems, and lighting power reducers. We find that cost and in some cases availability
barriers preclude these technologies from eligibility for incorporation into the Title 24 standards.
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Necessary Functions for Emergency Response

e Receive and respond to communication signals to control thermostat set point

e Receive and respond to communication signals to cycle the air conditioner compressor

e Respond automatically to emergency signals

e Indicate the emergency state

e Provide system operators with the ability to target specific geographic locations and select only the
amount of load necessary to address individual shortage situations

Necessary Functions for Price Response

e Receive at least one type of communication signal to which the PCT can respond based upon
customer’s preference

e Be programmed by the customer to respond according to desired temperature changes at desired price
thresholds.

e Be capable of customer override during events

e Indicate the critical peak pricing state

Provide system operators with the ability to target specific geographic locations and select only the amount of
load necessary to address individual shortage situations

Figure 11 Proposed Final PCT Specification

Many BASs have demand-limiting or load-shedding functions. Traditionally, BASs have operated on a network
dedicated to that system, but now a utility can connect its demand response system into a BAS for automated load
reduction. Facility managers can also respond to load curtailment signals more quickly, and while preserving
occupant comfort. Past research reveals that BASs are cost-effective for demand response, and we recommend that
the CEC investigate requiring demand response functionality in BASs as a Title 24 requirement.

Direct load control (DLC) switches are inexpensive and utilities have used them for decades on such end uses as
electric water heaters, air conditioners, and pool pumps. DLC switches are simply electrical relays that reside in
electrical circuits between an end use and its power supply. Upon receipt of a control signal, load switches interrupt
power for a duration specified in the control signal. This technology is proven reliable and effective, provided a
reliable communication network. We recommend that the CEC consider a Title 24 revision requiring that load
switches be incorporated into all new pool pumps, room air conditioners (those not controlled by a central
thermostat), and electric water heaters sold in the state.

Frequency and voltage protection can be built into appliances and/or load switches. Pacific Northwest National
Laboratory (PNNL) developed a controller (essentially a chip) called the Grid Friendly™ Appliance Controller that
goes into directly appliances to automatically sense and respond to grid fluctuations. The appliance cuts power to the
sub-end-uses that can be postponed. Dryers, water heaters, refrigerators, clothes washers, and dishwashers are all
good candidates for appliance controllers. At some point in the future, frequency and voltage protection may well be
a viable candidate for incorporation into California’s appliance standards. However, the technology is currently
neither mature nor commercially available, and so not yet ripe for incorporation into the standards.

Introduction

This document reports on the results of our work to characterize the attributes of existing and potential
programmable communicating thermostats (PCTs), to assess utility program experience, PCT hardware, installation,
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and communication-related costs, and to evaluate the minimum PCT functionality necessary to make the heating,
ventilating, and air conditioning (HVAC) equipment in new buildings within the state of California responsive to
broadcast emergency and price signals.

This project was one of three projects designed to provide information the California Energy Commission (CEC)
requires in its investigation into the cost-effectiveness of a proposed modification to California’s Title 24 building
standards which would mandate that the HVAC systems in all new residential and commercial buildings be
controlled by a PCT. The other two projects, conducted by Energy and Environmental Economics, Inc. and the
Heschong-Mahone Group, Inc. respectively, are designed to 1) establish a framework for evaluating the economic
benefits of demand response, and 2) develop a codes and standards enhancement initiative for PCTs, which will
utilize the cost information presented in this report and the demand response benefits information provided by
Energy and Environmental Economics, Inc. to assess the cost-effectiveness of PCTs.

The specific tasks specified for this project were to:

1. Conduct a literature and feasibility review of past related work;

2. Identify the preliminary PCT functions and determine the cost and benefits;

3. Refine the preliminary PCT functions and costs based on manufacturer and industry feedback; and

4. develop a final recommended PCT specification
We conducted this information gathering and analysis process by reviewing relevant literature specified by the CEC
and others, reviewing prior E SOURCE reports and interviews, and by soliciting additional information and opinion
from industry stakeholders, including PCT manufacturers, communication providers, utility demand response
program managers, HVAC manufacturers, meter manufacturers, PCT installers, and demand response system
integrators. We gathered stakeholder input in three ways:

e Viainterviews conducted in late June and early July with small numbers of stakeholders in each of these
groups;

e Atatechnology planning meeting held on July 15, 2005 at Southern California Edison’s Customer
Technology Application Center in Irwindale, CA (henceforth the “technology planning meeting”); and

e  Via industry-specific questionnaires focusing on PCT manufacturers and communication providers.

Organization of this report

This report is organized roughly along the lines of the tasks we were asked to accomplish. Following the literature
review, which begins on the next page, we present the preliminary PCT specification proposed as a starting point by
the CEC. We used this specification as the basis for the vast majority of our interactions with the various stakeholder
groups, the results of which are described in the following three sections: “Information and Opinion from
Stakeholders”, “Costs of PCT Hardware and Installation”, and “Communication Costs”. A subsequent section,
“Proposed Final PCT Specification”, presents our recommendations for the minimal PCT functionality that the CEC
should specify in the 2008 Title 24 revisions. A final section provides information and our recommendations
regarding a limited set of additional technologies that can provide demand responsiveness, and which the CEC may
wish to consider for integration into Title 24, either for the 2008 revisions or further into the future.

Literature Review

As part of Task 1, we were to perform a literature and feasibility review of past related work. The overall themes of
the literature review are:

e The current demand response system isn’t fair to all customers and it’s economically inefficient.

o  Two types of demand response programs are necessary: 1) voluntary price response program and 2)
mandatory reliability/emergency rate-based program.
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e  Customers should have control over their thermostat for price response programs, but they should not be
able to override emergency signals.

e Advanced metering is necessary.
What follows is a summary of each paper as well as responses to the CEC’s specific questions about the literature.
Summary of the literature

Herter, K., Levy, R., Wilson, J. and Rosenfeld, R., 2002. Rates and Technologies for Mass-Market Demand
Response

The main point of this paper is that demand response should be an element of the utilities’ obligation to serve and
customer service, not just a series of event-driven utility programs that sprout and wither with the times. Programs
should be bundled, providing automatic load management through customer-programmed price response. This
would require customers to pay for the resources that fulfill the service commitment. The utility could preferentially
serve loads able to respond to contingencies. This would be based on the fact that energy prices are time-variant and
that customers should pay for and be held accountable for their cost of service. It is better for a utility to cover its
costs via cost of service than through program costs. For example, metering is a cost of service, not a component of
demand response. This new approach could shed load on specific end-uses during emergencies rather than shutting
off half of all customers completely. For a statewide demand response program, the authors propose a demand
response rate (not fixed or TOU) in conjunction with thermostats given to residential and small commercial
customers.

Herter, K., Levy, R., Wilson, J. 2002. Proposal for Improved Demand Response in California

The authors present several ideas for how to improve demand response in CA. They propose making demand
response an integrated service offering with advanced metering, time-differentiated rates, and customer education
ab