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EXECUTIVE SUMMARY

In the summers of 1998, 1999, and 2000, dectric system rdiability problemswere regular front-
page news. The reliability of the power system, however, should not be viewed as only a short-term,
summertime issue. In much of the country, eectricity use (particularly pesk demand) is expected to
grow rapidly, and power supplies will probably be strained for many yearsto come.

A range of solutions have been proposed to address el ectric systemreliability problemsand reduce
the likelihood of power outages. These solutionsinclude congtructing new power plants, expanding the
transmissionand digtribution system, implementing load control programs, improving energy efficiency,
and investing in distributed generation resources (e.g., combined heat and power sysems[CHP]). An
approach limited to only supply-sde solutions would create additiona pollution as well as politica
opposition to siting these new facilities. Energy efficiency, on the other hand, offers a low-cost
dternative that reducesthe need for additional central station generation and distribution capacity while
reducing pollutant emissions and saving consumers and businesses billions of dollars. In thisreport, we
discuss how demand-side efficiency could make a substantiad and cogt-effective contribution to
addressing power reiability problems.

With reiability problems occurring in the short term and likely to persst for awhile, utility
companies (or other gppropriate program administrators) should design and implement programs that
will have a subgtantia impact on peak demand within the next 1-5 years. In order to achieve this
objective, the programs must:

Save energy at peak hours.

Have enough impact on dominant |oads that massive savings would result;
Use technologies and practices that are dready proven and in the market; and
Build upon program designs that have been demondtrated to be successful.

DO e O

Based on these criteria, three areas jump out as having the most potentia: efficient hesting,
ventilaing, and air conditioning (HVAC) equipment; proper indalation, maintenance, and use of
HVAC and other building systems; and commercid sector lighting.

In the following sections we recommend six programs that could cover these end-uses. The Six
programs are:

new and replacement resdentiad cooling systems;
resdential cooling systems tune-up and repair;
commercid and industrid HVAC equipment;

commercid building retrocommissioning and maintenance;

~AwbdpE
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5. commercid and indugtrid lighting retrofit acceeration; and
6. commercid and indudtrid lighting design enhancement.

Next, we discuss information on these suggested programs, including data on estimated program
costs and impacts. Overdl we find that each of these programswould likely be cogt-effective relative
to other peak demand supply or peak demand reduction options, particularly whenthe vaue of both
energy and peak demand savings are included in the andyss. Further details on each program,
including suggestions for program planning, and savings and cogt-effectiveness anadysis, are provided
in Appendix C.

Overdl, the six recommended programs could reduce pesk eectrical demand in 2010 by about
64,000 megawatts (MW). These savings would negate about 40% of the growth in peak demand
predicted over the next decade. About 45% of the savings would be due to the new residentia air
conditioner program. Thecommercia retrocommissoning programandthecommercid lightingupgrade
programs would each account for about 15% of the savings, while the other three programs would
account for 11% (resdentia ar conditioning repair), 8% (commercid lighting design), and 6%
(commercia HVAC equipment).

In order to capture the peak demand savings possible fromenergy efficiency, werecommend the
following actions.

« Policy-makersshould consider efficiency programsasanessential complement to supply-side
programs and load management in efforts to assure system rdiability.

« Utility companies (or other appropriate program adminisirators) should begin developing and
implementing major peak reduction programs as soon as possi ble so that programswoul d start
by the end of 2000, and aso should undertake sufficient installations so that they begin to have
an impact on the 2001 summer peak.

« State utility commissions should encourage, or even require, utilities or other organizations
under their jurisdiction to develop and implement energy efficiency programs targeted at
reducing peak demand.

« TheU.S. Depatment of Energy (DOE) should provide technicd assistance to Sates, utilities,
and other program sponsors to help them devel op and implement energy efficiency and other
programs targeting pesk demand.

« States should adopt funding mechanisms for energy efficiency and other public benefit fund
(PBF) programs. In addition, aspart of federd restructuring legidation, thefederal government
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should encourage states to set up and expand PBFs by establishing a nationa fund to match
state PBF expenditures.

Congressshould aso consider pending tax creditson high-efficiency resdentid air conditioners
and energy-saving new commercid buildings as a complement to the programs listed here.
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THE PROBLEM : GROWING RELIABILITY PROBLEMS

In the summers of 1998, 1999, and 2000, dectric system rdiability problemswere regular front-
page news. In 1998 therewere power interruptions, brownouts, and requestsfor voluntary curtailments
inChicago, Colorado, Michigan, and New Y ork (Cowart 1999). In 1999, blackouts occurred in New
York City, Chicago, Long Idand, New Jersey, the Delmarva Peninsula, and the South-Central States
(DOE 2000a). In June 2000, rolling blackouts occurred in Cdifornia and there were close cdls in
severd other regions (e.g., PennsylvanialNew Jersey and New England) (Howe 2000; Norr 2000;
Penn Future 2000). During this past summer, supplies were extremely tight in New England, New
Y ork, Cdifornia, and the Southwest (NERC 2000a); if had not been a cool summer in much of the
country, reliability problems could have been much worse,

The summer months are particularly taxing on the eectric system. Soaring temperatures leaed to
increased peak demand as consumers and businesses crank up their air conditionersto stay cool. The
greatest demand for ar conditioning generdly occurs in the mid-afternoon hours, coinciding with the
highest demand for other eectricity uses such asfor lighting businesses and powering factories. High
temperatures aso negatively impact the performance of dectricity generation, transmisson, and
distribution equipment, reducing the availability of generation and transmission cgpacity and increasing
the likelihood of didtribution system failures. As aresult, the eectricity system is caled on to meet the
highest demand at the time when its components are most prone to problems.

Electric reliability problemstend to be of two types— regiona and loca. Regiond problemsoccur
throughout a utility service ares, or often throughout aregiona power pool, when available generating
capacity is unable to meet peak demand. For example, on July 23, 1999, Entergy, a mgor utility
serving parts of Louisana, Texas, Arkansas, and Mississippi, needed 900 MW of additional power
to meet customer demand. To make up this shortfall, Entergy had to resort to “rolling blackouts’ in
which it shut off power to thousands of customersat atime, then after 20-30 minutes, restored power
to these customers and shut off power to another group of customers (DOE 2000a). Loca problems
occur in more geographicaly limited areas and can be due to a shortage of adequate transmission or
distribution capacity to get power into aparticular loca area (aswasthe cause of the rolling blackouts
in San Francisco on June 14, 2000) or can be due to failure of distribution equipment such as
transformers or switches that are most proneto fall when high demand and high temperatures coincide
(as was the cause of the 1999 blackouts in Chicago and New Y ork City). The distinction between
regiond and loca problemsis far from absolute; some reliability problems are due to a combination
of factors and lie in between these two categories. For example, on July 5-8, 1999, aheat wavein the
New Jersey/Delawvare area caused both a regional shortage of power and localized cable and
switchgear problems, leading to thefailure of severd substations and rotating blackoutsin a portion of
the region (DOE 2000a).
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The rdiability of the power system should not be viewed asonly ashort-termissue. In much of the
country, dectricity use (particularly peak demand) isexpected to grow rapidly, and power supplieswill
probably be strained for many years to come. For example, the Cdifornia Independent System
Operator expects peak demand to grow about 1,000 MW annually through the end of their forecast
period (CEC 1999). Likewise, a March 2000 reliability study on the Northwest power system
concluded that “the probability of a generation shortfal reaches gpproximately 24% by 2003.” The
study recommended that in order to reduce this probakility to 5% (thetraditiond utility planning target),
about 3,000 MW of new resources (generating capacity and voluntary load reductions) will be needed
(NPPC 2000). Nationwide, the North American Electric Reliability Council (comprised of most of the
power generating and di stribution companiesin the United States) predictsthat pesk demand will grow
an average of 1.8% annudly over the next 9 years. Projected growth in summer pesk in the different
regions of the country totals 128,000 MW over this period (NERC 2000a).

A range of solutions have been proposed to address el ectric systemreliability problemsand reduce
the likelihood of power outages, including constructing new power plants, expanding the transmisson
and distribution system, implementing load control programs, improving energy efficiency, andinvesting
in distributed generation resources (e.g., combined heat and power systems). Building additiond
generation, transmission, and distribution capacity can be very expensive, particularly when the power
isonly needed for alimited number of hours each year. For example, arecent analysis found thet:

In Florida, 15% of the capacity in the system is needed less than 1% of the hoursin
ayear. For the sake of andyss assume it is0.5% of the hoursin ayear. Therefore, a
new combined cycle turbine generator built to run only 43.5 hours ayear would need
aprice of more than $1,260/MWh [$1.26/kWh] during those hours to be profitable
(Energy Insght 1998).

Upgrading transmission systems can aso be costly. For example, the Long I1dand Power Authority
just completed a$65 million project to build anew transmisson lineto serve portions of eastern Long
Idand. The line has a capacity of about 120 MW (i.e., $542/kilowatt [kW]) but with $7 million
additiona investment, the capacity could be doubled (i.e., atota cost of $300/kW) (Milhous 1999;
PI1 2000). Moreover, transmission upgrades are often only ashort-term solution to reliability problems
because with continued growth in peak demand, in many regions peak demand will soon exceed
avalable generation capacity. And heat waves often extend across power pools, meaning that power
is not available to tranamit from one region to ancther, even if transmisson capacity is available. For
exanple, on July 58, 1999, heat waves hit the New England, New York, and
PennsylvanialJersey/Maryland (PIM) power pools smultaneoudy, causing brownouts and blackouts
across the region. Furthermore, additional power generation imposes codts to the environment and
public hedth — dectricity generation is aleading source of the air pollution that contributes to globa
warming and increasestheincidence and severity of asthmaand other respiratory and cardiopulmonary
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diseases. These environmenta
and hedth issues, dong with
concerns about the
disappearance of open spaceand
added noise, are driving
community opposition to power
plants and transmisson line
construction across the country.

In contragt, energy efficiency
offersalow-cost dternative that
could reduce the need for
additional central station
generation and distribution
cgpacity while reducing pollutant
emissons and saving consumers
and businesseshillionsof dollars
In the following sections we
discuss how demand-side
efficiency could make a
subgtantial  and  codt-effective
contributionto addressing power
reliability problems. Load control
and digtributed generation could
aso help reduce peak demand
and are discussed in the sidebar.
However, given projected
growth in peak demand of more
than 100,000 MW, load control
and digtributed generationwould
be only pat of the solution to
reliability problems — additiona
steps would also be needed.

REDUCING PEAK
DEMAND THROUGH
ENERGY EFFICIENCY

Load Contral, Distributed Generation, and Fud Switching

L oad control, meaning shifting some loadsfrom peak periodsto off-
peak periods, could make a significant contribution to reducing peak
demand. Many utilities (aswell as some non-utility organizations) pay
customers to participate in programs under which the utility installs
radio-controlled switches toturn air conditionersand water heaters of f
during peak demand periods. Programs also give large customers
discount ratesfor “interruptible loads” that the utility can shut off on
short notice. And some experimental programsare allowing customers
to participate in regional power bidding pools, but instead of bidding
to supply power, customerscan bid tointerrupt power totheir facilities
(CAISO 2000). In 1998 (the last year for which complete data are
available), load control programsreduced peak demand by 13,640 MW
(EIA 1999a). Giventhesubstantial contributionsto date of |oad control
programs, it isunclear how much more these programs could save but
clearly there is some additional potential.

Distributed generation includes renewabl e generation technol ogies
(e.g,. wind and biomass) as well as on-site generation systems. One
type of on-site system that isreceiving alot of attention is combined
heat and power systems, which produce both electricity and thermal
energy, resulting in the capture of up to 80% of the energy contained
inthefuel. A major initiative is now underway in the United Statesto
double CHP capacity over thenext 10 years. Thisgoal isambitiousand
would require about 50,000 MW of new capacity by 2010; given the
need for a ramp-up period, perhaps 10,000-20,000 MW of additional
capacity could result over the next 5 years (Elliott 2000). To thistotal,
projections indicate that on the order of 3,000 MW of renewable
generation capacity is likely to be added over the next 5 years (EIA
1999h).

Another approach for reducing peak demand would be to switch
some el ectric |loadsto other energy sources such as natural gas. Since
air conditioning isamajor driver of peak demand, air conditioningisa
particularly attractive load for fuel switching. Over the last decade,
much progress has been made in developing improved gas cooling
equipment including many new chillers and unitary air conditioners,
which use anatural gasenginein lieu of an electric motor to drivethe
compressor. The American Gas Cooling Center estimated that units
with atotal cooling capacity of 20—-30 million tons have been installed,
including annual installations of about 0.2 million tons, and current
targets are to increase annual additions by 0.5 million tonsin 5 years
(Occhionero 2000). If weroughly assumethat thisequi pment displaces
electric air conditioners and chillers with an average efficiency of 0.8
kW/ton, total peak capacity savings could be on the order of 2,000
MW over the next 5 yearsif these targets are met.
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Sinceincreased peak demand isthe heart of rdliability problems, efforts designed to reduce peak
demand must be animportant part of any strategy to improve dectric system reiability. The difference
inload between anormal day and apesak day isprimarily driven by air conditioning, and thus strategies
to reduce cooling loads and improve the efficiency of cooling systems must be a centrd part of any
Srategy to reduce pesk loads. In addition, commercia lighting loads are generaly substantial during
weekday afternoons

when peak demand
generdly occurs. Key
loads on a typica pesk
demand day are
illustrated in Figure 1.

Economics

Energy efficiency
programs directed at
reducing pesk demand
can often be cheaper per

Figure 1. Distribution of Summer Peak Demand
by End-Usefor New Jer sey
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kW saved than the cost
of dternative power
supply and power
reduction dtrategies. For
example, a recent
Commonwed th Edison pilot project in Chicago commissioned (checked and reset controls and other
system components) the cooling systemsin 11 large commercid buildings. The work reduced pesk
demand by about 2 MW, reducing demand at an average cost to the utility of $132/kW saved (Kesder
et a. 1999). Assuming an average measure life of 7 years (as discussed in Appendix C), this works
out to $24/kW-year (the standard index of the cost of electric generation capacity), substantialy less
than the typical $47/kW-year capita cost of anew peaking power plant (see Appendix A). Smilarly,
the incrementa cost of a high-efficiency commercia chiller or packaged cooling system relative to
standard equipment ison the order of $31-44/kW-year (see Table 1 below). In other cases, efficiency
investments may cost alittle more per kW-year but would still be cost-effective because power plants
have sgnificant operating costs while efficient equipment has lower operating costs than standard-
efficiency equipment. For example, whilearesidentia air conditioning tune-up costs nearly $100/kW-
year, due to the substantial energy savings, it costs on the order of $0.07 per kilowatt-hour (KWh)
saved,! significantly less than the cost of summertime power in most regions of the United States.

Source: XENERGY Inc. 1999,

! Measure costs, life, and discount rate per Appendix A. Energy savings based on Appendix C and a
national average energy use for residential central air conditioners of 2,109 kWh/year (EIA 1999c).

4
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Smilaly, advanced lighting design costs more than $100/kW-year, but on an annud basis the energy
savings work out to approximately $0.03/kWh, significantly less than the average annud eectric rate
paid by most commercid customers.? Table 1 compares the approximate costs of a variety of peak
demand-reduction and power supply strategies.

Table 1. Cost/kW for Different Demand Reduction and Power Supply Strategies
Cost/Peak kW -year

Supply-Side
Peaking power plant (capital only)
Peaking power (including operating costs)
Transmission upgrade (e.g., S. Fork of Long Island)
Local distribution upgrades $20-60
Note: In many cases both new power plantsand transmission/distribution upgrades would be needed — doing
one without the other would go only part of the way in addressing some reliability problems.

Demand-Sde
More efficient chiller
More efficient packaged commercial cooling system
More efficient residential air conditioners
Residential cooling system tune-up
Commissioning of existing commercia buildings
Commercial lighting upgrade
Commercial lighting design
Residentia air conditioning load control
Residential water heater |oad control
Commercia & industrial interruptible rates
Note: Demand-side measures also save energy; when the value of these energy savings is considered, even
measures costing $100/kW-year or more would be cost-effective. Details on these calculations are provided in
Appendix A.

I naddition to being cogt-effectivefrom adirect economic point of view, efficiency invetmentsoften
produce indirect benefits as well, such as better lighting, more effective cooling, improved worker
productivity, and the hedlth care savings and environmenta benefits associated with reduced emissions
from power plants.

Historic Experience

2 Calculation based on datain Appendix A and further assuming that lights operate an average of 4,000
hours/year.
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Energy efficiency isaready contributing substantialy to reducing pesk demand. Since the 1980s,
many utilities have operated energy efficiency and load management programs. Nationwide, these
programs have yieded significant pesk demand savings. Asshown in Figure 2, actud demand savings
climbed steadily from 1992 t01995, with 1995 savings of 29,600 MW, which was 4.8% of summer
peak demand in that

3
year. Figure 2. Actual Peak L oad Reductions from Ener gy Efficiency
and L oad M anagement Programs, 1992-1998

Unfortunately, in the
mid-1990s, as dlectric 35,000
industry  restructuring 30,000
began, many utilities cut
back spending on ther
energy efficiency andload
management programs in
order to accelerate
depreciation on high-cost
assets and to reduce
short-term rates. As a
result, peak demand
svings began to fdl in
abeolute ) ter,ms (eg. Source: ACEEE analysisof Energy Information Administrationreportsand Form
actual nationwidedemand | g61 data.
reductions in 1997 were
14% lower thanin 1996).
Furthermore, available* nationwide peak reductions fell even more relative to previous utility power
supply plans. For example, available peak reductions in 1998 were 24% lower than plans for 1998
made in 1993 (see Figure 3).° Thus, cutbacks in energy efficiency and load management programs
have contributed to risng peak demand, and by extension, to our current religbility problems.

25,000

20,000 A Actual Reductions by Load Management
15,000 1

10,000 A1

Peak Load Reduction (M\V

Reductions by Energy Efficiency
5,000 1

1992 1993 1994 1995 1996 1997 1998
Year

New Opportunities

Itistimeto reversetheserecent trendsand reinvigorate energy efficiency programs. Past programs
illudrate the magnitude of savings that can be achieved, but sgnificantly greater savings would be

8 Calculation based on summer peak demand in 1995 of 620,249 MW (NERC 2000b).

4« Available” demand reductionsincludeactual reductionsplusload management reductionsthat areunder
contract but are not called upon.

5 In 1993, utilities projected available peak load reductions in 1998 of 55,163 MW (EIA 1995). In 1998,
available peak load reductions were only 41,430 MW (EIA 1999a).

6
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possible by focusing on new technologiesand servicesthat were not reedily availablein the mid-1990s.
In the sections below we discuss some of the most prominent of these opportunities.

Furthermore, programs targeting peak demand could be be a ussful complement to other energy
efficency drategies now being pursued. In severa regions of the country, utilities and regiond
organizetions are operating mar ket transfor mati on programsthat seek to make specificenergy-saving
goods and services normd practice by addressng market barriers that impede their use. Among the
measures being pursued in thismanner are proper air conditioner ingtdlation and maintenance, building
commissioning, and advanced lighting design practices. Programs to promote these measures in the
short term in order to reduce peak demand could help to accel erate long-term market transformation.

Figure 3. Projected vs. Actual
Available Peak Reductionsfor 1998

S 60000 - 1993 Projew

'Lg, ©00097 ) I w

© ~ 40000 #=— " P

-L:.g § 30000 - Actual Available

° 20000 A

§ 10000 A

o 0 T T T T 1
1993 1994 1995 1996 1997 1998

Year

Source: ACEEE analysis of Energy Information Administration reports and
Form 861 data.

Likewise, theselonger-term
market transformation
efforts could build on the
momentum generated by
short-term peak reduction
programs in order to
continue to reduce peak
demand in the longer term.

KEY EFFICIENCY
PROGRAM OPTIONS

With reliability
problems occurring in the
short term and likely to
persst for awhile utility
companies (or other
appropriate program
administrators) should

design and implement programsthat will have asubstantia impact on peak demand within the next 1-5

years. In order to achieve this objective, the programs must:

« Saveenergy at pesk hours,;

« Have enough impact on dominant loads that massve savings will result;
» Usetechnologies and practices that are dready proven and in the market; and
 Build upon program designs that have been demondirated to be successful.
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Based on these criteria, three areas jJump out as having the most potentid: efficient HVAC
equipment; proper ingtdlation, maintenance, and use of HVYAC and other building systems, and
commercid sector lighting.

Within each of these areas are an array of activitiesto save energy and reduce peak demand. For
most, acomplex of actions oriented at vendors, designers, and service providers would be required
to achieve the largest possible savings. This brings out an important point. Big savings could be
achieved through efficiency in ardatively modest time, but only if the sponsor commitsto managing a
amdl family of initiatives, each of which would require some technical and market sophistication. The
days where utilities could garner 70% of the available savings through smple lighting rebates are over.
As we note in the lighting section, the Smplest initiatives may result in the fastest savings, but these
would diminish quickly in comparison to what would happen without the program.

These areas of opportunity include sysemsin the residentid, commercid, and industria sectors.
Given large differences in how equipment and services are provided to the residentid and
commercid/industrid sectors, separate programs should be organized to serve these sectors.

In the following sections we describe six pecific recommended programs. Additiona details on
these suggested programs, including information on estimated program costsand impacts, are provided
in Appendix C. The Six programs are;

new and replacement resdential cooling systems,
resdential cooling systems tune-up and repair;
commercid and industrid HVAC equipmernt;

commercid building retrocommissoning and maintenance;
commerciad and indudtrid lighting retrofit acceeration; and
commercid and indudtrid lighting design enhancement.

Sk wnNE

New and Replacement Residential Cooling Systems Program

In most regions of the country, central cooling dominates the resdentia contribution to pesk
demands. In New Jersey, for example, residential customers are estimated to represent gpproximately
one-third of system peak demands and central air conditioners are estimated to represent 52% of that
contribution (XENERGY Inc. 1999).° The operating efficiency of the equipment hasamagjor bearing on

& Notethat central air conditioning represents 63% of singlefamily homes' contribution to the New Jersey
system peak demand (XENERGY Inc.1999). Noteal so that the saturation of central air conditioningisgrowing, in part
because the saturation in new construction is much higher (almost universal) than in existing homes. Thus, the
contribution of residential HV AC systemsto utility system peakswould also be higher in stateswith alarger share
of single-family homes and a younger housing stock, aswell asin states with warmer climates, higher saturations

8



Using Targeted Energy Efficiency Programs, ACEEE

the magnitude of that contribution. Operating efficiency is itsdf a function of two mgor factors: the
nameplate efficiency of the equipment itsdf and the way it isingtaled and maintained.

Over 6 million residentid-sized centra air conditioners and heat pumps are sold annudly in the
United States. Unfortunately, fewer than 4% of al new units sold in the United States have efficiency
ratings of seasond energy efficiency ratio (SEER) 13 or higher; roughly three-quarters are rated at or
near SEER 10, the lowest efficiency rating available on the market (ARI 1998). In addition, numerous
studiesfrom around the country suggest that new centra air conditionersand heat pumpsare oversized
by an average of 1 ton of capacity. The same studiesaso suggest that roughly 70% of dl new systems
have inadequate airflow, incorrect levels of refrigerant, or both (Neme, Proctor, & Nadd 1999). The
savings potentia from addressing both of these opportunities— combined energy savings of 40-50%
and combined peak demand savings of 25-40% — would be substantial.

We designed our recommendations in Appendix C to address both of these opportunities. We
model our recommendation program after Smilar programsin New Jersey. The program’ sgoa would
be to transform the market to one in which qudity ingdlations of high-efficiency equipment become
common practice. It would accomplish that goa through a combination of interrelated strategies:

« Incentivesfor the sde or purchase of high-efficiency equipment for which documentation of
proper sizing and ingdlation would be provided;

» Traning of HVAC technicians on key dements of qudity ingdlations;

» Sdestraining for contractors (i.e., how to sdl efficiency);

» Direct marketing to HVAC digtributors and contractors through “circuit riders;”

« Promotion of HVAC technician certification; and

» Aggressve consumer marketing/education campaignonkey dementsand benefitsof efficiency.

Residential Cooling Systems Tune-Up and Repair Program

As noted above, centrd air conditioners and heat pumps dominate the residentia contribution to
utility peak demand. They are dso usudly ingtdled incorrectly, with improper refrigerant charging and
inadequate airflow over the coil having particularly adverseimpacts on equipment-operating efficiency.
These problems persist throughout the life of the equipment. In addition, most centrd air conditioners
and heat pumps are connected to ducted distribution systems that are very leaky, with 20% or more
of theair flowing through them lesking to or from the outdoors.” Treating both charge/airflow and duct

of central cooling, and below average presence of heavy industry.

" The average |eakage rate from 19 different studies from across the country was 270 CFM , (CFM=cubic
feet per minute) (Neme, Proctor, & Nadel 1999). CFM . is commonly used as a metric for duct leakage because the
pressures created when an air handler is “on” typically average about 25 pascals. A typical 3 ton central air

9



Using Targeted Energy Efficiency Programs, ACEEE

leskage problems on a retrofit basis could save an average of 24% of the energy and 14% of the
contribution to pesk demand made by the average centrd air conditioner or heat pump (Neme,
Proctor, & Nadel 1999). Moreover, such treatments should improve comfort in the home, reduce
maintenance costs, and extend equipment life.

Unfortunately, many HVAC technicians have neither the training nor the tools necessary to
diagnose and treet refrigerant charge and airflow problems. Moreover, preciousfew of thetechnicians
who do havethe ability to identify and treet these problemsroutingly do so. The Situationisevenworse
with respect to leaky duct systems. In most of the country, there are at best a handful of specidists
capable of effectively treating duct leakage problems.

We designed our recommendationsin Appendix C to address the market barriersto redizing the
substantid savings possible from improving the operating efficiency of existing centra air conditioners
and heat pumps. We modd the program after a smilar program currently being implemented by
Proctor Engineering for San Diego Gas and Electric (SDG&E). The program’s long-term god isto
transform the market to one in which there are anumber of HVAC technicians capable of diagnosing
and treating HVAC efficiency problemsworking for HVAC firmsthat see sdes of such servicesasa
core part of their business. The program would accomplish that goa through a combination of
interrelated drategies:

« Modest consumer incentives for both assessment of HVAC systems and treatment of any
problems identified;

« Aggressve consumer marketing campaignto promotethehiring of quaified HV AC contractors
to assess and treat operating efficiency problems,

o Direct marketing to HVAC contractors (through “circuit riders’) to encourage them to
participate in the program;

« Providing interested contractors with: (1) easy-to-use software for guiding diagnosis and
trestment of key HV AC operating-efficiency problems; and (2) thetraining on how to usesuch
software;

« A qudity control mechanism to ensure both that any remedid work performed on HVAC
systems would be done properly and that any contractors submitting fraudulent datawould be
identified and removed from the program; and

conditioner should have an airflow rate of 1,200 CFM. Thus, duct |eakage of 270 CFM ,; representsroughly 22% of
system airflow.

10
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» A mechaniam for referring interested customers to qudified HVAC contractors.
Commercial and Industrial HVAC Equipment Program

Commercid and indudtrid (C&I) heating, ventilating and air conditioning is probably the single
largest contributor to summer peak demand. Yet the HVAC systems on the market today vary
subgtantidly in energy efficiency. Peak air conditioning demand could be reduced by an average of
about 20% if purchasers chose the most efficient models, rather than average performers. In
commercid gpplications, the high-efficiency systems typicaly save enough in operating codts to pay
back in 3to 5 years.

The god of this program is to assure the efficient sdection and ingtalation of cooling and air
digribution systems in the commercia and industrial sectors. There are two primary components —
chiller system efficiency and packaged HVAC system efficiency. In each case, “system efficiency”
incorporates efficient equipment, and proper specification, design, and inddlation. Utilities (or other
program sponsors) could sgnificantly reduce pesk demand smply by assuring selection of efficient
systems, but could save much more through influencing design and indtalation practices.

There aretwo mgjor waysto capture the savingsfrom high-efficiency cooling equipment: voluntary
programs such as the Consortium for Energy Efficiency’ s (CEE) packaged equipment standards, and
mandatory standards. Both approaches are needed to hel p reduce demand.

While consumers and commercia buildings could save money by choosing efficient systems, many
unitary systems are purchased by building contractorswho have no concern with operating cost. Here,
mandatory standardswoul d provide the best long-term payoff but voluntary programswould hel p pave
the way. Standardsfor small commercia systems (expected by 2001) will likely increase performance
10-20%. Setting a strong new federa standard for small commercid air conditioning and heat pump
systems could diminate the need for approximately 4,500 MW of pesk generating capacity by 2010,
and nearly triplethat by 2020 (Thorne, Kubo, & Nadel 2000b). Additiona savingswould beavailable
fromlarger sysems and aso from promotion and incentive programs on smal commercia equipment.

For packaged equipment, the proposed program focuses on marketing higher-efficiency unitsnot
only to achieve direct effects, but to influence federal standard-setting procedures; high near-term
penetration would help support a nearer-term and more stringent standard. The program would aso
help accel erate acceptance and state and loca adoption of the chiller efficiency levelsinthe American
Society of Heating, Refrigerating, and Air-Conditioning Engineers, Inc. (ASHRAE) 90.1-1999
standard.

11
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However, there are savings on chiller efficiency available beyond the ASHRAE standard.
Furthermore, savings from system design and ingdlation will largely be influenced by market forces
because these e ements are difficult to incorporate into standards. For these reasons, and aso to help
increase the political and market receptivity to standards, the program should offer asystem of rebates,
vendor and customer marketing, technical assstance, and training designed to build market demand
for efficient equipment, and good systems design and ingtalation, while aso assuring that contractors
will be able to meet this demand.

Program success would require a close working relationship with key vendors as well as
customers. Implementors must be encouraged to work with customers and to ascend a ladder of
sophigtication in HVAC system design, as described below:

Stepl.  Sdect ficient equipment.

Step2.  Properly Size equipment.

Step 3. Desgn efficiency into chiller distribution systems and packaged system ducts.

Step 4. Reduce hest-producing loads (e.g., lighting and computers) beforesizing and designing
large systems.

Step5.  Employ eficient ingtallation and commissioning practices.

While each of these dements adds complexity to the program, the program administrator should
add them incrementdly as capability is added, and customers should access the program at the leve
of their own motivation and capability.

Commercial Building Retrocommissioning and M aintenance Program

In most regions of the United States, commercid buildings account for a larger portion of pesk
demand than any other sector. But very few of the complex cooling, dectricd, and digtribution systems
in these facilities are properly tuned. That's why so many workspaces are either too hot or too cold.
Often, the systems were ingtaled improperly; in other cases, they have fdlen out of synch as control
settings and building uses change. Retrocommi ssioning such buildings— optimizing their energy-using
systems — could significantly cut energy use. Ingtituting good operations and maintenance procedures
could add to the savings, aswell as help to ensure that savings are maintained over time.

Asnoted above, arecent Commonwealth Edison pilot project commissioned 11 large commercia
buildings in Chicago, reducing pesk demand by about 2 MW. Total annud savingswere morethan 6
million kWh, and nearly hdf amillion dollars. The average cost to the utility per kW saved was $132
(Kesder et a. 1999). Another study found average energy savings of nearly 20% in 44 building
commissioning projects on existing commercia buildings. Themgority paid for themselvesin lessthan
ayear (Gregerson 1997). A 1998 study estimated that by 2010, programs to commission existing
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buildings could reduce U.S. energy use by about 60 billion kWh (Suozzo and Nadel 1998). In addition
to saving energy, these improvements would result in substantia peak demand reductions.

Oneimpediment isthe limited number of quaified commissoning engineers. And building owners
are often unaware of the services commissioning engineers can provide. Both problems could readily
be addressed. For example, Oregon's Portland Generd Electricispromoting commissioning to building
owners and paying haf the cost of commissoning sarvices for local buildings, dong with part of the
costs to implement the recommendations (Peterson and Findlay 1999). In New York State, a pilot
program to retrocommisson chiller sysems and reduce peak demand was started in June 2000 and
by August 2000 more than 130 participants had signed up. These retrocommissioning projects were
implemented in August and September and a report summearizing the program’s results is scheduled
for completion in late 2000 (Henderson 2000).

Buildingon theseresults, werecommend that utilitiesand other local program implementersoperate
programs with the goal of promoting widespread retrocommissioning (commissioning of existing
buildings) and proper maintenance of large commercia buildings. Key program components should
indude:

o Loca market research, to understand the current state of commissioning knowledge and kills
among potential commissioning customersand providersand to explore proposed intervention
drategies with these audiences;

e Education for building owners and facility managers to familiarize these decison-makers with
the opportunities and benefits of commissioning and to provide information on how to obtain
quality services,

e Locd demondration projects and case studies to help promote retrocommissioning localy;

« Edablishing a benchmarking system to help building owners assess the performance of their
buildings rdative to other buildings. Such asystem could inspire owners of inefficient buildings
to explore Strategies to improve building performance;

« Active marketing efforts to encourage building owners and managersto retrocommission their
buildings

« Commissioning service provider training and technical assistance to help locad engineers gain
the skills and experience to provide commissoning Services,

13
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» Maintenance gaff training and certification to hdp saff gain skillsto improve sysems operation
including helping to keep buildings in tune &fter they have been commissioned; and

« Financid incentives to reduce the cost of commissoning services.
Commercial and Indugtrial Lighting Retrofit Acceleration Program

Ovedl, lighting accounts for about 25% of summer peak demand in the commercid sector, the
second largest sharefter air conditioning. Lighting energy use could be cut by 30-50% in buildingsthat
have never improved ther lighting systems through use of “first wave’ technologies that conservation
programs have aready popularized in new congtruction (e.g., T-8 lamps, dectronic ballasts, compact
fluorescent lamps, and metal hdide lighting) as well as more advanced measures (e.g., high-qudity
fixtures, high-intengity fluorescent lamps, improved lighting controls, and good design) (EPA 1999).
A sudy for the Cdifornia Energy Commission esimated that savings of roughly 33% are avalablein
new buildings, beyond Cdifornid s stringent building codes, with higher savings (on the order of 48%)
available in exigting buildings (Heschong-Mahone Group 1997).

Nevertheless, more than haf of existing commercid building floor area does not yet usethe “firgt-
wave’ measures. Efficient lighting designs are used in only a small minority of spaces, and control
systems that maximize the use of daylight are even less common.

No comprehensve studies of potentia overdl peak load reduction from more efficient commercia
lighting exist. However, estimates discussed below suggest that savings by 2010 could be more than
10,000 MW.

We designed our recommended program to increase the saturation of efficient lighting among
exising commercia and indugtrid buildings. The program would accelerate and broaden the efforts
aready underway by customers and awide array of contractors to replace obsolete lighting systems
with the more efficient systems that have become common practice for most new construction. This
programwould be complemented by a separate but related effort to enhance the qudity and efficiency
of common practice for lighting design, as described below.

Of these two programs, the retrofit acceleration one would likely provide the most pesk savings
in the 1-3 year time horizon because the hardware for this program would aready be available in
volume, ingtallation would be relatively easy, and contractors and customerswould aready be familiar
with the measures. However, much of the savings that this program would provide would occur with
or without this program progressively in the next 15 years or so as buildings are remodeled and
renovated and as equipment wears out. Many of the measures common in to alighting retrofit program
are dso now common practice for renovation and remodding. This meansthat perhaps athird of the
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firgt-year savings might be achieved with or without the program by year 52 In contrast, the design
enhancement program discussed below would likely have modest early savings, but would increasein
ggnificance after 3 years.

We designed the retrofit acceleration program after the moded of established programs that are
highly successful, have evolved over more than a decade, and are relatively easy to implement. Key
components would be asfollows:

» Customers must be provided with arange of technical assistance suitable to the scope of each
project.

« Prescriptive and customized rebates must be provided (only for retrofits, not for new
congtruction or mgor renovations).

» Higher rebate levels, and an optiona separate procurement process, must be included to
address the additiond market barriers that face smal businesses (<100 kW). The smdl
business component would provide a minority of the savings and may require higher
expendituresper KWh, but would likely havethe greatest impactsafter 5 years. Thisisbecause
smaller businesses are less prone to adopt new technology on their own.

» The program must be promoted directly by the utility or other program adminisirator, but aso
must be designed to make use of the efforts of energy service companies and other proactive
marketers of efficiency.

Commercial and Industrial Lighting Design Enhancement Program

One review of recently constructed and renovated New Jersey buildings estimated cost-effective
lighting savings in individua buildings ranging from 5-35% beyond common practice for new
congtruction. The additional savings comes from additional design and equipment improvements
(Sardinsky 2000). While these estimates were for energy savings, most of the proposed measures
would deliver on-pesk savings as well. Even higher savings may be possible with new technologies
such asindividuaized user-controlled addressable light fixtures and design for daylighting.

We designed this program to capture these savings by increasing the quality and efficiency of
lighting design in new commercia and industrial congtruction, renovation, and remodels. This program
would provide rdatively modest savings inthe next 3 yearsbecauseit would largely influence new and

8 Long-term savingsarelikely to belargest in marketswhere remodeling and replacing light fixturesareless
common, such asin small buildings and institutions.
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replacement systems, and could only influence the building stock asfast asit grows or equipment turns
over. However, the benefits would grow sgnificantly as the proportion of the building stock that is
congtructed, renovated, or remodeled cumulates over severd years. As detailed in Appendix C, ina
region with sgnificant growth, its market could be as big as 40% of the building stock within 5 years.

This program would support and be enhanced by efforts to achieve state-level adoption and
enforcement of the lighting standards in the new ASHRAE standard 90.1-1999. It dso would
encourage efficiency beyond that sandard. The program design would leverage off of efforts by
pioneering utilities to develop specific tools to work with the desgn community.

The central structure of the program is a series of prescriptive and custom rebates, supported by
aprogram of technica assstance. The rebates are Smilar to thosein the retrofit acceleration program
described above except that: (1) they are keyed to improvements beyond current practice and codes,
(2) the customized rebate takes alarger role; and (3) rebates are based on aportion of theincremental
cost to exceed current practice and codes.

For smdler and contractor-designed buildings, lighting design tendsto be smple and standardized;
contractors rarely analyze lighting system energy use or light output. For these buildings, as a
complement to rebates, the program would provide lighting design guiddines as atool to both train
contractors and to build demand for better lighting among owners, managers, and renters. The
guiddinesa so would create atemplate for distributors, manufacturers, and other “ contractor hel pers’
to oecify efficient, high-qudity layouts.

SUMMARY OF SAVINGSPOTENTIAL FROM THESE PROGRAMS

Overdl, thesix programsrecommended inthisreport could reduce peak e ectrica demandin 2010
by about 64,000 MW. About 45% of the savings would be due to the new residentia air conditioner
program. The commercia retrocommissioning program and the commercid lighting upgrade programs
would each account for about 15% of the savings. The other three programs would account for 11%
(resdentid air conditioning repair), 8% (commercid lighting design), and 6% (commercid HVAC
equipment). Savings estimates by program are summarized in Table 2. Additiond details on these
cdculations are provided in Appendix B.

Table 2. Summary of Savings Potential from Peak Reduction Programs

Available Peak Savingsin 2010
MW
New and replacement residential cooling systems 28,777
Residential cooling system tune-up and repair 6,900
Commercia and industrial HVAC equipment 3,900
Commercial building retrocommissioning and maintenance 11,000
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Commercial and industria lighting retrofit acceleration 9,200
Commercial and industrial lighting design enhancement 4,900
TOTAL 63,900

(includes adjustment to eliminate double-
counting between programs)

According to the North American Electric Reliability Council, summer pesk dectrica demand is
projected to grow by about 160,000 MW from 1999-2010.° Thus, the energy efficiency ideas
discussed here, if aggressively pursued, could addressapproximately 40% of expected demand growth
over the decade, contributing substantialy to addressing peak demand-related reliability problems.
Additiond savings could be achieved from load management programs and other energy efficiency
programs not discussed here.

In addition to reducing shortages in generating capacity, by reducing demand in districts with
overtaxed digtribution systems, these peak reduction programs could aso reduce the incidence of
digtribution-rel ated reliability problems (such as happened last year in New Y ork City, Chicago, New
Jarsey, and Long Idand). Furthermore, by decreasing energy use, these programs would have
additiona benefits such as reduced energy costsfor customers and less emissions from power plants.
Also, asdescribed in detal in Nadd et d. (1997), energy efficiency investments have positive effects
on jobs and the economy.

However, achieving these savings would require actions by many people. The dterndiveisether
continued reliability problems, or the higher costs and greeter environmenta problems associated with
supply-side-only solutions.

RECOMMENDATIONS

In order to capture the peak demand savings possible from energy efficiency, we recommend the
following actions.

« Policy-makersshould cong der efficiency programsasanessential complement to supply-side
programs and load management in efforts to assure system reliability. Efficiency can be
effective, low in cost, and provide economic savings directly to ratepayers.

« Utilities (or other gppropriate program administrators) should begin developing and
implementing ma or peak reduction programsas soon as possible so that programswould start
by the end of 2000, and aso should undertake sufficient ingtalations so that they beginto have

® NERC (2000a) projects growth of 128,000 MW through 2008. We extend this to 2010 using NERC's
projected 1.8% annual growth rate.
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an impact on the 2001 summer peak. For example, HVAC distributors typically order
equipment for the next cooling season around October — to ensure that these orders contain
auffident high-efficiency equipment, distributors would have to be briefed on program plans
before these orders are placed. As these programs “ramp up” over severa years, pesk
demand savings would steadily increase. All too often utilities do not begin summer pesk
planning until the spring, leaving inadequate time to take demand-side actions.

« State utility commissions should encourage, or even require, utilities or other organizations
under their jurisdiction to develop and implement energy efficiency programs targeted at
reducing peak demand. In statesthat have restructured, this respongbility (or at least funding)
would generdly fdl on digtribution utilities Since they remain regulated monopoalies, are the
service provider of last resort, and commonly operate other energy efficiency programs. For
example, the Cdifornia Public Service Commission (CPUC) recently ordered utilities in the
state to issue arequest for proposals to solicit proposals for accel erated programs to reduce
demand in the summer of 2001. The CPUC then reviewed the proposal s and accepted 15 for
implementation, with atotal budget of $72 million (CPUC 2000). Likewise, the New Y ork
State Public Service Commission recently proposed a set of expanded programs to reduce
peak demand in the state (NY DPS 2000). As state commissions consider steps adong these
lines, they will dso need to consider ways to provide utilities with adequate incentives and
resources to implement these programs (Maoskovitz 2000). Alternatively, other organizations
could operate programs such as state governments or | ndependent System Operators (1SOs).
For example, the Cdifornia legidature recently gppropriated funds for the Cdifornia Energy
Commissionto operate some programs (CaliforniaLegidature 2000) and in New Y ork State,
adate “Authority” (a semi-independent state agency) will operate the programs.

« DOEshould providetechnica assistanceto States, utilities, and other program sponsorsto help
them develop and implement energy efficiency and other programs targeting pesk demand.
During the early 1990's, DOE provided extensive technica assstanceto states and utilitieson
efficiency and related issues, but due to budget cutbacks these efforts have been scaled back
dramaticdly in recent years. DOE and Congress should increase funding for the DOE
Electricity Restructuring Program so that DOE can expand the amount of assistance it can
provide.

« States should adopt funding mechanisms for energy efficiency and other public benefit
programs. To date, twenty states have established a public benefit fund of some type,
supported by asmal surcharge on distribution service, to fund programs in the broad public
interest including energy efficiency, low income, renewableenergy, and publicinterest research
and design. These programs have traditionally been funded through electric rates, aPBF isa
competitively neutral mechanism for continuing these programsfollowing restructuring (Nade
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& Kushler 2000). States that do not presently have a PBF should enact them; states with
minima PBFs should expand their programs. In addition, as part of federa restructuring
legidation, the federal government should encourage states to set up and expand PBFs by
esablishing a national fund to match state PBF expenditures. Severa hills with such a
mechanism have been introduced in Congress.*”

»  Congress should aso adopt pending tax credits on high-efficiency resdentid ar conditioners
and energy-saving new commercia buildings as a complement to the programs proposed in
this report. Severa hills have been introduced in Congress that cal for a 10% tax credit on
resdentiad centrd air conditioners and heat pumps with a SEER of 13.5 or more, and a20%
tax credit on systems with a SEER of 15 or more. The proposed commercid building tax
would provide incentives of up to $2.25 per square foot for buildings that redize energy
savings of 30-50% relative to current model energy codes™
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APPENDIX A: ECONOMIC COMPARISON OF DEMAND-SIDE AND SUPPL Y-SIDE
OPTIONS FOR ADDRESSING PEAK DEMAND

Supply-Side Options

Incremental
Cost

Peaking power
plant (capital)

NWPPC figures from Eckman
2000.

Peaking power
plant (capital and
operating)

Assumes operation 3% of year,
heat rate of 9847 Btu/kWh, and
$3/Mbtu for gas.

Transmission
upgrade

Varieswidely; example givenis
for S. Fork on LI asnoted in
text.

Local distribution
upgrades

NWPPC figuresfrom Eckman
2000.

Ener gy Efficiency Opti

High-efficiency
chillers

Figures are per ton of capacity
from XENERGY Inc. et a. 1996.

High-efficiency
commercia

package air
conditioner

ﬁgurasfor improving a 7.5 ton
unit from 9.1to 11 EER,; from
NEEP 1998.

Efficient
residential air
conditioner

Figuresfor improving a 3-ton
unit from 10 to 13 SEER; from
Thorne, Kubo, & Nadel 2000b.
Cost from Appendix C.

Residentia air
conditioner tune-up

Based on figuresin Appendix
C

Commercial
retrocommissioning

Figures per sg. ft. and based on
datain Suozzo & Nadel 1998
and Appendix C.

Commercial
lighting upgrade

Figuresfor T8 lamps and
electronic ballasts from Suozzo
& Nadel 1998 and assuming
78% of lights on at peak (per
Appendix C).

Commercia
lighting design
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Incremental
Cost

Load Management Options
Residential air 50+ Fixed costs of ~$200 for switch,
conditioner load $26/yr . installation, and marketing plus
control $50/point for the central system.
Residential water Same as above.
heater |oad control
C&l interruptible s Average for 1994 programs from
rate EPRI 1995.

Note: $’kW-year is thevalue of onekW of generating capacity or itsequivalent for al-year period. Thismeasure

iscommonly used in power markets. We calcul ate this value by assuming theincremental cost isfinanced with

aloan at a6% real interest rate for aterm equal to the measure life, and then dividing the resulting annual loan

payments by the KW savings.

$250 + $26/yr . $92
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APPENDIX B: ESTIMATED PEAK DEMAND SAVINGS FROM PROPOSED
PROGRAMS

Eligible | Penetra- Peak
Units | tion Rate | Savings
Area 2001-10 | in 2010

New residential air conditioner*
Residential air conditioner
repair**
Commercial HVAC eguipment
Packaged systems
Chillers

(millio
_ nsg. ft.)
Commercial retrocommissioning NA . 28,498
Commercial lighting upgrades 1,404 43,667
Commercial lighting design 1,014 48,750
TOTAL
* = |ncludes mandatory standard effective 2006.
** = ~10% of these savings overlap w/program above.
*** = |ncludes mandatory standard effective 2007.
**** = |ncludes building code standard effective 2006.

(Watts)

Key assumptions for the caculaionsinclude the following.

New residential air conditioning: basecase use and savings from Appendix C. Number of digible
units based on annua sales of air-source air conditioners and heat pumps less than 65,000 Btu/hour
in 1999 (from ARI 2000) times 10 years. Penetration rate assumes 50% average penetration rate for
good ingalation practices over 10 years plus average 25% penetration rate for efficient equipment
during thefirst 5 yearsduetoincentive programs and average 100% penetration rate during the second
5 years due to government standards.

Residential air conditioner repair : basecase use and savings from Appendix C. Number of digible
units based on number of homesin 1997 with centra air conditioning or heat pumps (from EI1A 1999c¢)
plusa3% annud growth ratethrough 2005 (from Neme, Proctor, & Nadel 1999). Penetration ratea so
from Neme, Proctor, & Nadel (1999).

Commercial HVAC equipment: Basecase packaged unit isa9 ton unit— weighted averagein 1998
based on andlysis of Census Bureau Current Industrial Report data (Thorne, Kubo, & Nadel 2000b)
— with an energy efficiency raing (EER) of 9.2 (modestly above 8.9 minimum standard). Savings
assumes 11.2 EER (modestly above CEE Tier 2). Pesk savings assumes 85% of units on at time of
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peak, asdiscussed in Appendix C. Number of digible unitsbased on number of unitssoldin 1998 from
Current Industrial Reports (BoC 1999) times 10 years. Penetration rate assumes 25% average
participation for first 6 years due to incentive programs and 100% participation in find 4 yearsdueto
minimum standards.

Basecase chiller isa 200 ton unit with an efficiency of 0.64 kW/ton. Savings based on an efficiency
of 0.54 kW/ton. Thesefiguresaredl authors' estimates. Pesk savings assumes 85% of unitson at time
of peak, as discussed in Appendix C. Number of digible units based on salesin past decade from Air
Conditioning, Heating and Refrigeration News (1999). Penetration rate from Appendix Cfor first
5 years and assumes 100% penetration in fina 5 years due to energy code requirements.

Commercial retrocommissioning: 10% savings from Appendix C. KW savings based onaverage
kWh/sg. ft. for commercid buildings above 50,000 5. ft. (from EIA 1998) times 10% savings divided
by 1,950 kWh/kW (from Appendix C). Number of digible units based on CBECS data from 1995
for buildings over 50,000 sg. ft. (EIA 1998) times an 8-year growth from EIA’s Annual Energy
Outlook (EIA 1999b). Penetration rate is the authors estimate.

Commercial lighting upgrades: basecase assumes 1.8 W/sq. ft. for buildings that have not yet
upgraded their lighting (authors' estimate) times 78% of lights on at pesk (from Appendix C). Savings
aso from Appendix C. Eligible units based on projected commercid building floor areain 2005 (from
EIA 1999b) times 0.66, where the latter is the authors estimate of the proportion of floor area that
does not presently use T8 lamps and eectronic ballasts (1999 Cdifornia data indicates a somewhat
lower percentage [PG& E 2000b] but Cdifornia has been aggressively promoting efficent lighting for
more than a decade). Penetration rate based on most successful programs, as discussed in Appendix
C.

Commercial lighting design: basecase assumes 1.3 W/sg. ft. for new buildings (authors estimate)
times 78% of lightson at peak (from Appendix C). Savingsaso from Appendix C. Eligible units based
on projected annua commercia floor areagrowth (from EIA 1999b) times 10 years. To thisweadded
50% of the exigting floor areain 2005 (also from EIA 1999b) based on assumption that haf of thefloor
area hasits lighting changed each decade (per discussion in Appendix C). Penetration rate based on
most successful commerciad new congtruction programs, as discussed in Appendix C.
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APPENDIX C: DETAILED PROGRAM DESCRIPTIONS

1. New and Replacement Residential Cooling Systems Program
Overview

This program aims to improve the efficiency of new centra air conditioners and heat pumps. It
promotes both the sale of high-efficiency equipment and improvements in sSzing and ingtalation
practicesthat affect operating efficiency and peak demand. Itismodded onasmilar initiative currently
being implemented in a coordinated fashion by the three large investor-owned utilities in New Jersey
(Public Service Electric and Gas, GPU Energy, and Conectiv Power Ddlivery). Thelong-termgod is
to trandform the market to one in which qudity inddlations of high-efficiency equipment are
commonplace. The program employs severd key Strategiesto achieve thisgod:

» Incentives for the sale or purchase of high-efficiency equipment for which documentation of
proper szing and ingdlation is provided;

» Traning of HVAC technicians on key dements of qudity ingdlations;

» Sdestraining for contractors (i.e., how to sdl efficiency);

» Direct marketing to HVAC digtributors and contractors through “ circuit riders’;

« Promotion of HVAC technician certification; and

»  Aggressve consumer marketing/education campaign onkey e ementsand benefitsof efficiency.

The success of these strategies would be enhanced dgnificantly if they were jointly implemented
by utilitieswith adjoining serviceterritories or if programswere implemented by other state or regiond
organizations. Thiswould ensure that clear and cons stent messages were sent to market actors that
serve large geographic areas that often encompass more than one utility serviceterritory (e.g., HVAC
digtributors). It would also enable more efficient use of program resources by spreading the costs of
developing marketing and other program materias across multiple parties.

Target Market

The program targets al resdentia dwellingsfor which anew centra air conditioner or heet pump
is being purchased, including both existing homes and new congruction. In the case of new
congruction, effortsto promote proper ingtalation of high-efficiency equipment could be coupled with
effortsto promoteimprovementsintheefficiency of thethermd enve opeof thebuilding, providing even
greater savings. Utilities and other program sponsors offering such comprehensive new construction
programs could offer builders the option of participating in the HV AC equipment ingalation program
or the more comprehensve program (with sufficient incentive offered to encourage as many builders
as possible to choose the more comprehensive option).
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Efficiency Measures

The program promotes two efficiency tiersfor centrd air conditioners and heat pumps:

(heat pumps only)

Efficiency Leve Minimum SEER Minimum EER Minimum HSPF
Tier 1 13.0 11.0 8.0
Tier 2 14.0 12.0 85

To bedigiblefor anincentive or any other promotion, acentrd ar conditioner would haveto meet
both the minimum SEER (a measure of average efficiency over the entire cooling season) and the
minmum EER (ameasure of efficiency at higher temperaturestypica of those experienced during utility
peak demand periods in many parts of the country) for a given efficiency tier. The minimum EER
requirements would be particularly important to any effort designed to substantialy reduce pesk
demand because efficiency at high temperatures can vary sgnificantly among equipment with the same
SEER. In particular, equipment with two-speed or multiple speed operation (common at SEER 15 or
above and sometimesfound in SEER 14 models) generally does not produce the same savings at peak
conditions as & milder temperatures. A heat pump would have to meet the minimum HSPF standard
(ameasure of average efficiency over the course of the entire heating season) aswell asthe minimum
SEER and EER standards.

In addition (i.e, under either efficiency tier), documentation of proper szing and ingtdlation of
qudifying high-efficiency equipment would have to be submitted. This would include submission of
Manual Jload cal culations, documentation of proper refrigerant levelsinthe system, and documentation
that airflow over the cail iswithin the range recommended by manufacturers(i.e., between 350 and 450
CFM/ton of capacity). Documentation of proper charge and airflow could be provided through aform
gmilar to the one a the end of this program description. An aternative could be using charge and
arflow software tools smilar to those currently in use in parts of Cdifornia

This additiond requirement could be implemented elther from the gart or in the second year of the
program. Many HVAC contractors would find the proper sizing and ingalation requirements to
represent a Sgnificant departure from how they currently do business. Indeed, many would not know
how to meet them. Deferring the requirements to the second year would alow the market to begin
reacting to the offer of incentives, making contractors reluctant to stop participating once the proper
szing and ingalation requirements go into effect. It would aso enable the program adminigrator to
“warn” contractors of the new requirements, offer training on key requirements so contractors
understand and are ready to meet them, and begin educating consumers on their benefits. Deferments
could be particularly hepful in areas where utilities have had relatively little demand-< de management
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activity in theresidentid HVAC market, where market shares for high-efficiency equipment are low,
and where HVAC contractor use of key techniques for proper sizing and ingtalation are low.

Program Strategies

The residentid HVAC businessiis currently alow-bid business, where investment decisions are
usudly driven by adesreto minimize first cogt. As aresult, investmentsin both efficiency and qudity
— including high-efficiency equipment, proper szing and ingdlation, and duct repair — are the
exception rather than therule. This redity isitsdf afunction of avariety of ubiquitous and formidable
market barriers. These are summarized in Table C-1.

Table C-1. Market Barriersto High-Efficiency Residential HVAC Systems

Market Barrier

Customer Access Customers often do not know that alarge majority of central air conditioner or

to Information heat pump installations are improperly sized and installed. Because systems are
complex, most consumers are incapable of knowing whether they got a good
installation.

Some customers lack information on the energy savings that would result from
installation of an efficient HVAC system.

Customers are usually unaware of the comfort, maintenance, and equipment life
costs associated with improper installations.

Customer Inability Many customers do not have unbiased sources of information. Certification

to Identify Quality programs for HVAC technicians are very new and the public is unaware that they
Contractors exist. Very few technicians have taken certification tests.

Certification programstest only “book knowledge.” Some good technicians may
not pass and some may pass without having good “hands-on” technique.

Lack of Well- Many HVAC contractors|ack the sales skills necessary to “sell” efficiency.
Trained HV AC technicians often do not have adeguate training on key elements of proper
Contractors and sizing and installation.

Technicians No training/certification is required to operate an HVAC business.

Lack of Program Different utility program standards or incentives within the same state or region
Consistency often creates confusion in the market about the definition of efficiency.
Distributors and contractors that serve more than one utility serviceterritory
endure hassle of ordering different equipment and/or learning different procedures
for customersin each region.

Additional Cost Some customers do not have the capital necessary to pay the incremental cost for
efficient equipment and efficient/quality installation.

Split Incentives I'n new construction and rental housing, the person making the investment
decision (i.e., builder or landlord) will not be paying the energy hills.

To be successful, the program will need to address dl of these barriers. Given the diverse nature
of the barriers, the program will need to have severd different components.
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Financial Incentives

The program offers rebates for the purchase and proper 9zing and inddlation of high-efficiency
central air conditioners and heat pumps. The incentives need to be large enough to both attract
consumer interest and persuade HV AC contractors to “try” proper sizing and ingtalation techniques.
Recommended incentive levels are:

Efficiency Tier 1: $300 to $400
Efficiency Tier 2: $500 to $600

These incentive amounts are consstent with those currently offered by smilar programs in New
Jersey and Long Idand, where utilities are having considerable success in promoting both the sale of
high-efficiency equipment and the use of proper szing and indalation techniques. The incentive
amounts are designed to cover approximately two-thirds of the incremental equipment cost at Tier 1,
with somewhat higher portions of incremental cost being covered at Tier 2. This progressive structure
has proven to be effective in steering customers towards the highest equipment efficiency levels. For
example, in New Jersey, nearly half of the more than 16,000 rebates processed in 1999 were for
centra air conditioners with Tier 2 efficiency characteridtics.

Over time, as consumers become conditioned to ask and more willing to pay for high-efficiency
equipment, HV AC contractors become more accustomed to selling this equipment, and sdlesvolumes
for efficient instalations grow, it should be possible to reduce incentive levels?!

I nspections would be necessary to ensurethat program standards for proper sizing and ingtalation
are met. However, every effort should be made to aso use inspections as an opportunity to further
educate contractors and technicians on quality ingtallation procedures and standards.

HVAC Technician Training

The program includes a series of HVAC technician training sessions on key eements of proper
equipment ingalation, including ACCA Manud Jbased sizing, proper refrigerant charging, and
ensuring proper airflow. Additiond training could aso be offered on duct design (ACCA Manud D)
and duct sedling/repair. Efforts should be made to work with HVAC distributors, vo-tech programs,
ACCA, RSES and other potentialy important trade groups in both developing the curricula and

! For example, between 1992 and 1997 the Potomac Electric Power Company (PEPCO) reduced the rebate
it offered for SEER 13 air conditionersin Maryland by nearly 50% (PEPCO 1998). Over the same period of time, the
number of Maryland program participants nearly doubled (from 4,712 to 9,114 central air conditioners and heat
pumps) (PEPCO 1994, 1998). Moreover, the percent of participants at the SEER 13 level increased from 8% in 1992
to 100% in 1997 (PEPCO 1994, 1998).
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providing the training. This would create some critical “buy-in” for the program. Experience in New
Jersey suggests that contractors are much more likely to register for training courses if they are
promoted and co-sponsored by their distributors.

HVAC technicians (or their firms) would be required to pay fees for the training. However, the
program administrator could offer some inducements to complete courses. For example, it could be
useful to offer discounts on sizing software and/or other key tools?

Sales Training

As noted above, few HVAC contractors appear to have the sdles skills necessary to sl
prospective customers on buying high-efficiency equipment or paying for the extratime required to do
ajob right. The program offers training designed to help interested contractors to improve their saes
skills. EPA’ sENERGY STAR® program has developed and offers a curriculum and related materiasfor
such sdes traning. Although the ENERGY STAR standard for centra air conditioners and hest pumps
(minimum SEER 12, no minimum EER) islower than the minimum efficiency standard promoted by this
program, ENERGY STAR'’s sdes training concepts are gpplicable to any efficiency standard. Other
utilities have developed and are using their own sales training curricula.

Circuit Riders

One of the common attributes of successful HV AC programs has been extensve outreach to and
communication with HVAC contractors (Neme, Peters, & Rouleau 1998). Outreach and
communication are even more important for the program described here because of the requirements
for proper sizing and ingtdlation that many contractors would not understand and otherswould resent.
Therefore, the program should employ individua swhose solejob would beto regularly cal onHVAC
digributors and contractors. Their purpose would be to explain program requirements, recruit
technicians for training classes, provide rebate forms and other program materids, encourage
contractors to actively participate in the program, and give contractors an outlet for expressng
concerns about the program. These circuit riders would be individuads who have extensve HVAC
expertise so that they could addresstechnical questionsand issuesraised by thetrade dlieswith whom
they are interacting.

2The New Jersey utilities currently offer afree magnehelic gauge to technicians who complete their two-
evening courseonrefrigerant chargeand airflow. M agnehelic gauges can be used to measure pressure dropsacross
the coil, which, inturn, can be used to estimate airflow. Surveys of trainees suggested that few had such tools.
Offering them to technicianswho compl etethe classensuresthat they leave with both the knowledge and the tool s
necessary to do the job right.
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Technician/Contractor Certification

One of thelonger-term strategies of the program isto devel op and support amechanismfor helping
customersidentify quality contractors. This certification mechanism should have saveral components:

« A cetification sandard that addresses key dements of efficient ingdlations, is administered
by an independent 3 party,® and is likely to have credibility with the HVAC industry;*

« A meansfor consumersto easily identify contractorsthat have met the standard (i.e., aregistry
of firms that have a pre-requisite number of certified technicians and meet other business
requirements);

« Assgancetotechniciansand contractorsinterestedin getting certified (e.g., sponsorship of and
perhaps partia subsidization of training courses and certification tests);

« Qudity control procedures to ensure both that contractors do not advertise themselves as
cartified if they are not and that certified contractors maintain reatively high sandardsin their
work; and

» Marketing (or co-marketing) of certified contractors to consumers.

Development of an effective certification standard will be perhaps the mogt critical dement of this
effort. Program operators should work with the North American Technician Excellence (NATE)
program— together with other utilities, states, and CEE — to enhancethe current NATE tests so that
they adequately assessestechnicians understanding of key ingtall ation proceduresthat affect equipment
operating efficiency. Program administrators could al so want to establish a* hands-on” component (or
option) to the current NATE written exam, with technicians required to pass the hands-on test as a
conditionfor being on aprogram’s“preferred contractor” list. Finaly, program sponsorswould likely
want to add business requirements, such as adequate insurance and/or good standing with the Better
Business Bureaw, to the conditions they establish for being on the certification registry they make
available to the public.

3Thiscould bebest doneby alocal nonprofit organization that hastiestothe HV ACindustry and astrong
interest in promoting “ best practices.” Alternatively, such anonprofit organization could be created to serve this
need. In either case, program administrators should support these organizations financially and otherwise in the
early years of program operation, with the hope that they could gradually transition to becoming self-supporting
(e.g., through contractor membership dues).

4 Any certification program must start by certifying individual technicians. However, it will also be
important to certify contractor firms for which they work. This could be done, for example, by placing an HYAC
contractor firm on a certification registry if at least 50% of their technicians are certified.
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Consumer Marketing/Education Campaign

One of the most important factors underlying the “low-bid” nature of the resdentid HVAC
businessisthat contractors do not fed consumers are demanding or willing to pay for higher-efficiency
equipment or work. This, inturn, isrelated to consumers' lack of knowledge on both what to ask for
and why they should ask for it. Therefore, efforts to educate consumers would be essentid to the
success of this program. The ultimate god of the marketing/education campaignisto establishthelink
between energy efficiency and quality (comfort, durability, etc.) in most consumers minds.

To begin with, the program would develop consumer education materids that summarize the
benefits of efficiency (both energy costs savings and non-energy benefits such asimproved comfort),
explain the key elements of an efficiency system, and provide guidance on how to sdect a quaity
contractor. These materids could take severa forms, including both written pieces and a brief
educationa video. They could aso include aquality ingtalation specification that customers could ask
contractors to incorporate into their bids. These materiads would be distributed aswiddly as possble,
bothto consumerswho would request them and to quality contractorswho would beinterested inusing
them to hdp sdl their services.

A variety of different marketing vehicles would be used to both dert consumersto the availability
of educationad materials and deliver shorter, complementary messages to consumers. The precise
nature and mix of those vehicles would depend on a variety of loca conditions, including customer
demographicsand local costs(e.g., of mediaplacements). The optionsto consider wouldincludedirect
mal to consumerslikey to beinthe market for anew centrd ar conditioner (e.g., thoseliving in homes
built 10-15 years ago), Y ellow Page ads, a dedicated internet Web site, billboards, newspaper ads,
and other forms of mass media advertisng.

Relationship of Program Strategiesto Market Barriers

Table C-2 shows how these program strategies address each of the key market barriers to
efficiency invesmentsin the HVAC replacement market.

Relationship to Minimum Efficiency Standards

Resdentia centrd air conditioners and heat pumps are covered by minimum-efficiency sandards
set by DOE. The current standard, which mandates that equipment must have an efficiency rating of
a least SEER 10, took effect in 1992. As of thiswriting, DOE is completing a rulemaking for a new
standard that will likely take effect in 2006. The sandard will likely beintherange of SEER 12-13 and
may include EER requirements. Promotion and incentive programs could encourage purchase of
effident units before the new standard takes effect and could also be used to promote units more
efficient than the standard after the new standard takes effect.
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Table C-2. Intervention Strategies Impactson Market Barriers

Market Barrier I ntervention Strategy

Customer Access
to Information

Develop and distribute educational materials on benefits of efficient
equipment/quality installations, how to select both equipment and contractors, and
information customers should ask their contractorsto provide to document quality
work.

Provide both sales and technical training to HVAC contractorsinterested in
providing quality service so that they could help educate consumers.

Customer Inability
to Identify Quality
Contractors

Develop and promote technician/contractor certification.

Promote sales training to enable quality contractorsto differentiate themselves
when meeting with consumers.

Lack of Wdll-
Trained
Contractors and
Technicians

Work with trade allies to design and offer high-quality training on sizing and other
elements of proper installation that require documentation as part of incentive
applications.

Provide sales training to contractors (possibly through ENERGY STAR program).
Circuit ridersto encourage contractors to participate in program and help address
issues and questions that contractors have, particularly in early years.

Substantial incentives for efficient equipment and quality installations help
encourage some contractorsto “try” different approach.

Lack of Program
Consistency

Jointly develop efficiency standards, incentive levels, training offerings, marketing
plans, and other key program elements with neighboring utilities/sponsors.

Additional cost

Offer incentives desi gned to cover asubstantial portion of incremental cost.
Education of and marketing to consumers, encouraging them to recognize and
consider life-cycle costs of investment decisions.

Split Incentives

Offer incentives designed to cover asubstantial portion of incremental cost.

Key Indicatorsof Success

A number of different indicators should be used to gauge program success. Key among theseare:

*  The percent market share of high-efficiency (i.e., minimum SEER 13 and minimum EER 11.0)
central air conditioners and heat pumps,

* Reductionsin the average over-sizing of new centra air conditioners and heat pumps,

» Increasesin the percentage of new centrd air conditioners and heat pumps with both proper
refrigerant charge and adequate airflow;

* Increasein consumer awareness of high-efficiency HVAC equipment and services,

*  Number of HVAC technicians trained in key dements of equipment ingdlation; and

*  The number of certified HVAC technicians and/or contractors.
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Costs and Savings Assumptions
Savings

Increasing equipment efficiency and improving Szing and ingdlation practices that affect actua
operating efficiency are the two mgor components of the program that would produce energy and
peak demand savings. Together, these two components could reduce centrd air conditioner energy
consumption by 35-45% and peak demand by 25-35%. The two sources of these savings each
provide roughly haf of the savings® Savings for SEER 13 would generdly be at the lower end of this
range and savingsfor SEER 14 towards the upper end of thisrange. The basdine energy useto which
these saving percentages would gpply would vary congderably from region to region. The basdine
peak demand could also vary. However, it is not likely to vary as much. On average, basdine
coincident peak demand is likely to be on the order of 2.75 kW.® Thus a 25-35% peak demand
savings would trandate to gpproximately 0.7—1.0 kW savings per home.

Costs

Theincrementa cost of aSEER 13 centrd air conditioner is estimated to be on the order of $530-
610, while a SEER 14 is gpproximately $640-765 (ECW 1997). There is aso an incremental cost
associated with the extra time contractors must take to properly size centra air conditioners and
perform the tasks to ensure that there is proper charge and adequate airflow. However, those costs
are more than offset by the cost savings associated with not over-szing equipment. Therefore, the
incrementa cost of proper sizing and ingtallation can be considered $0.

5 Proper sizing, charge, and airflow would save approximately 20-25% of energy use and 10-15% of peak
demand, depending on whether the installation would be in an existing home or new construction (Neme, Proctor,
& Nadel 1999). Increasing equipment namepl ate SEER from 10 to 13 or 14 would produce energy savingsof 23-29%.
Increasing equipment namepl ate EER to 11 or 12 woul d produce peak demand savingsof 16—23% (assuming baseline
EER of 9.2). Note that the savings from these two components are not additive (i.e., there are interactive effects).

& A 3ton central air condiitioner will draw 3.91 kW if it hasan EER of 9.2 [kW = (Btuh/(EER* 1000))]. An EER
of 9.2 istypical for a SEER of 10.0. A recent study of six different utility service territories suggested that, on
average, 15% of units were constantly off during the hour of system peak, 60% of units were cycling (largely due
to over-sizing), and 25% of unitswere running constantly (Petersen & Proctor 1998). If the average duty cycle of
the 60% that were cycling was 75%, the average coincidence factor for the entire population would be 70%
[(0.60*0.75)+0.25]. A 70% average coincidence factor applied to an average full load draw of 3.91 kW yields an
average coincident kW of 2.74.
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Non-Energy Benefits
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There are subgtantiad non-energy benefits associated with efforts to promote proper Szing and
inddlation. Chief among these are improved comfort in the home, reduced maintenance costs, and
longer equipment life.

For example, a properly sized air conditioner will operate for longer periods of time — with
fewer “ons’ and“ offs’ — than an oversized unit. That improves humidity control during moderately hot
days because it alows the indoor coil to get cold enough to remove moisture from the air. It aso
reduces stress on the compressor.

Proper arflow and proper charging are dso essentid to maintaining comfort. Both are
necessary to permit proper humidity control. If airflow or refrigerant levels are too low, the capacity
of the equipment is reduced since not enough hest transfer can occur between the coils and the air in
the duct system. This can compromise the ability of the system to cool ahome, particularly on very hot
days. Very low arflow or too much refrigerant can lead to icing of the cails, refrigerant floodback, and
even compressor failure (Neme, Proctor, & Nadel 1999; Parker et d. 1997).

Measure Life

The savings are expected to last for the life of the new centrd air conditioner or heat pump. That
life was estimated by DOE (2000b) to be 18 years.

Possible Market Penetration Rates

Market penetration rates will likely vary to some degree depending on location. The key market
barriersarelikely to be more severein some statesthan in others. Asaresult, the basdine market share
for high efficiency varies from date to sate. Thisis often at least partly afunction of historica utility
attempits to influence the market. For states where utilities or other organizations have previoudy
promoted high-efficiency equipment (very few have aso promoted proper sizing and indtalation) but
where no substantia efforts currently exist, participation rates can be expected to grow asfollows:

Year 1. 15% (assumes no Szing and ingdlation requirements)
Year 2. 15% (assumes Szing and ingtdlation requirements begin)
Year 3. 20%

Yea 4. 30%

Year 5. 40%

These participation rates are necessarily uncertain projections as the few program administrators
that are currently operating smilar programsarein only their first or second year of operation. At least
one utility was able to achieve a 50% market penetration rate for SEER 13 equipment within 5 years
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of program operation (Neme, Peters, & Rouleau 1998). However, that was achieved without proper
Szing and ingalation requirements.
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Residential Ceniral Air Conditloner and Heat Pump Rapate Program
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Residential Central Air Conditioner and Heat Pump Rebats Program
Airflow & Charglng Documantation Form
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2. Residential Cooling Systems Tune-Up and Repair Program

Overview

This program amsto improve the efficiency of existing centra air conditioners and heat pumps.
It promotes the retrofit treatment of common operating problems that adversaly affect operating
efficency — particularly improper levels of refrigerant charge, inadequate airflow, and substantia duct
leskage — by specidly trained and equipped HVAC technicians. The programismodeed onasmilar
initiative currently being implemented by San Diego Gas and Electric with subgtantia assstance from
the Proctor Engineering Group. This program’s long-term god is to trandform the market to one in
whichthere are asubstantial number of HV AC technicians capable of diagnosing and treating HVAC
efficiency problems working for HVAC firms that see sdes of such services as a core part of ther
business. To achieve this god, the program employs severd key drategies.

Modest consumer incentives for both assessments of HVAC systems and trestment of any
problemsidentified;

Aggressve marketing campaign to encourage consumersto ask qualified HVAC contractors
to assess and treet potential operating efficiency problems;

Direct marketing to HVAC contractors (through “circuit riders’) to encourage them to
participate in the program;

Providing interested contractors with both easy-to-use software for guiding treatment of key
HVAC operating efficiency problems and the training on how to useit;

A qudlity control mechanism to ensure that any remedid work performed on HVAC systems
was done properly and that any contractors submitting fraudulent data were identified and
removed from the program; and

A mechanism for referring interested customers to qudified HVAC contractors.

Target Market

The program targets dl residentia dwellings that currently have operating centra ar conditioners
or heat pumps.
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Efficiency Measures

The program promotes diagnosisand trestment of HV AC operating problemsthat adversely affect
operating efficiency. It has two specific trestment “modules’:

« Caorrection of refrigerant charge and/or airflow problems; and
e Duct sedling and repair.

Program Strategies

Numerous studies from around the country have demongtrated that most existing centrd air
conditionersand heat pumpssuffer from avariety of conditionsthat combineto significantly reducetheir
operating efficiency, degrade comfort in the home, and impose strains that could reduce the life of the
equipment. For example, roughly 70% of al centrd air conditioners and heat pumps have inadequate
arflow over the coil and/or improper levels of refrigerant. At the same time, the average duct system
leaks 20% or more of the air that flows through it to or from the outdoors (Neme, Proctor, & Nadel
1999). These conditionstypically persst until there’ sa catastrophic event (e.g., the break-down of the
equipment). They are not treated during maintenance or other service cals due to a variety of
ubiquitous and formidable market barriers, which are summarized in Table C-3.

Table C-3. Market Barriersto High-Efficiency Residential HVAC Systems

Market Barrier

Customer Access Customers often do not know that alarge majority of central air conditioner or heat
to Information pump systems are operating with a number of problems.

Some customers lack information on the energy savings that would result from
treatment of these problems.

Customers are often unaware of the comfort, maintenance, and equipment life costs
associated with improper installations.

Customer Inability Customers have no easy way to Identity contractors who could effectively

to Identify diagnose and treat key operating problems. Certification programs for HVAC
Qualified technicians are very new and the public is unaware that they exist. Very few
Contractors technicians have taken certification tests.

Certification programs test only “book knowledge.” Some good technicians may
not pass while some may pass without having good “ hands-on” technique.

Lack of Well- Few HVAC technicians have adequate training on diagnosis and treatment of key
Trained HV A C operating problems, nor do they have an understanding of the benefits of
Contractors and treating them. Thisis particularly true for duct leakage.

Technicians Even if they had the training, many HV AC technicians do not have the tools
necessary to accurately diagnose and treat problems.

Split Incentives In rental housing, the person making the investment decision (i.e., builder or
landlord) will not be payi
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To besuccesstul, the program would need to address dl of these barriers. Giventhe diverse nature
of the barriers, the program would need to have severa different components.

Financial Incentives

The program provides separate consumer incentives for testing the HVAC systems and then
treating any problemsidentified. The incentivesin the first year should be as follows!’

Charge/Airflow Test: $25
Duct Leakage Test: $75

Charge/Airflow Repair: $50
Duct Seding/Repair: $200

These vaues may be modified in future years based on reactions from the market.

In addition to the customer incentives, the program should offer participating HVAC contractors
and their technicians substantia discounts (e.g., 50%) on the purchase of severd key tools necessary
to diagnose and treat charge, airflow, or duct leakage problems.

Diagnostic Software and Technician Training

The program employs easy-to-use software — in two separate modules — to enable qualified
HVAC technicians to provide either charge/airflow correction or duct sealing services® To bedigible
to participate in the program, HVAC technicians would have to use this software, receive training in
how to use it, and have the diagnogtic tools that are necessary to use it correctly.® Technicians dso
would have to work for contractors that have al necessary licenses, adequate insurance, and good
gtanding with the Better Business Bureau.

" These incentive levels differ in somerespect from those currently offered by San Diego Gasand Electric.
For example, SDG& E currently offers $75 for acharge and airflow test, irrespective of whether corrective actionis
taken. This programdesign recommends making only one-third of that amount available for the charge/airflow test
and two-thirds of it available for repair work in an attempt to place the incentive on activity that will produce
savings. Similarly, the duct sealing incentiveisslightly lower than SDG& E’ sfor testing ($50 vs. $75) but higher for
actua repair work ($200 vs. $125).

8 Examples of software that could be used include Proctor Engineering’s “check-me” software and
Aeroseal’ s duct sealing software.

® For the charge/airflow module, HV AC technicians must have adigital thermometer, electronic scale, and
quality thermocouples. For the duct sealing/repair module, contractors must have a duct blaster and monoxer.
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Technician training would be largely hands-on, with trainees physicdly performing diagnostic
procedures and repairs on severd centra air conditioners and heat pumps in the presence (and with
the guidance) of an expert trainer. The hands-on gpproach to training would require very small “class
szes,” withonly 2 to 3technicians participating in any giventraining sesson. Training for thechargeand
arflow training sesson would take two days (including a full day for ingtruction on how to correct
arflow problems). Training for duct diagnostics, sealing, and repair would also take two days. Training
would be offered free of charge to HVAC technicians who sign up for the program in the first year.
Depending on market reaction, contractors could be asked to pay for a portion of the training in
subsequent years.

Quality Control

The software employed by the program would be designed to provide somelevel of qudity control
for the user in the fidd by “flagging” data entries that are unlikely to be accurate and providing
recommendations on how to correct problems implied by the data entered. In addition, HVAC
technicians would be required to report all pre- and post-treatment diagnostic data to a program
contractor intimately familiar with the software. The program contractor would aso andyze the data.
Suchandysiswouldinclude assessment of whether any HV AC contractor issubmitting fraudulent deta
(idedlly, the software used by the program would be able to help identify patterns of datareporting that
suggest “invented” data). If necessary, on-site ingpections would also be conducted.

It should be emphasized that these quality control procedures are intended to do much more than
catch afew fraudulent contractors or technicians. The procedures most important function would be
to provide nearly ingtantaneoudy feedback to techniciansin the field on how they are performing and
how they could improve their work.*® Of course, the procedures could also serve as a means of
tracking program impacts.

Outreach to Contractors

Circuit riderswould be employed to regularly meet with HV AC contractorsfor the purpose of both
recruiting them into the program, and for those dready in the program, to obtain feedback on how it
isworking for them, identify problems being encountered ,and answer questions or address problems.
The“circuit rider” function for this program could be integrated with the “circuit rider” function of the
HVAC replacement program discussed above.

Consumer Mar keting/Education Campaign

10 Results fromsoftware could be reported from actual job sites over the phone. Thisistheway that most
of the jobsin the current SDG& D program are recorded and checked (Proctor 2000; Sybert 2000).
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One of themost important factors underlying the absence of amarket today for charge/airflow and
duct repair services is consumers lack of knowledge of both the likelihood that they have such
problems and the benefitsthey would redizefrom addressing them. Thisprogram endeavorsto educate
consumers on these issues and encourage them to seek out HVAC contractors who could help them
diagnose and address key problems.

To begin with, consumer education materials would be developed that summarize the benefits of
efficency (both energy costs savings and non-energy benefits such asimproved comfort), explain the
key eements of an efficient system, and provide guidance on how to select aquality contractor. These
materias could take saverd forms, including both written pieces and a brief educationd video. These
materids would be distributed as widely as possible, both to consumers who would request them and
to quality contractors who would beinterested in usng them to help sdll their services. They would be
closdly integrated with any educationa materia sdevel oped for promotion of qudity ingalationsof new
equipment under the equipment replacement program discussed above.

A variety of different marketing vehicles would be used to both aert consumersto the availability
of educationa materials and deliver shorter, complementary messages to consumers. The precise
nature and mix of those vehicleswould depend on avariety of local conditions, including the customer
demographicsand loca costs (e.g., of mediaplacements). Among the optionsto be considered would
be direct mail to consumers who moved into new homes in the past 8-10 years,** Yellow Page ads,
adedicated Internet Web site, billboards, newspaper ads, and other forms of mass mediaadvertising.

Contractor Referrals

To augment the program marketing and educationd efforts, the program operator would refer any
customer who cals and expressesinterest in improving the operating efficiency of an HVAC system
to the contractors who have completed program training.

Relationship of Program Strategiesto Market Barriers

Table C-4 shows how these program strategies would address each of the key market barriersto
efficiency invesments in the HVAC replacement market.

1 Thereis no evidence that duct leakage, refrigerant levels or airflow over the coil are any better in new
homes than in older homes (Neme, Proctor, & Nadel 1999)
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Table C-4. Intervention Strategies Impactson Market Barriers

Market Barrier I ntervention Strategy

Customer Access Develop and distribute educational materials on likelihood of operating efficiency
to Information problems, benefits of correcting the problems, and how to find a contractor who has
the training and tools to treat the problems.

Provide both sales and technical training to HVAC contractorsinterested in
providing quality service so that they could help educate consumers.

Customer Inability Promote sales training to enable quality contractorsto ditferentiate themselves

to Identify when meeting with consumers.

Qualified Provide customer referrals to contractors who have received training through the
Contractors program.

Lack of Well- Provide technicians with software that would make it easier to diagnose and treat
Trained or Well- problemsfound in the field.

Equipped Train contractorsin how to use software, aswell asin related technical knowledge
Contractors and necessary to understand systemsthey are treating.

Technicians Address problemsin the field through instantaneous feedback and technical
support.

Employ circuit riders to encourage contractors to participate in program and help
address issues and questions that contractors have, particularly in early years.
Offer discounts for purchase of key tools and equipment to encourage contractors
to try different approaches.

Offer consumer incentives for efficiency equipment and quality installationsto help
encourage some contractorsto “try” different approach.

Split Incentives Offer consumer incentives to significantly reduce building owners’ disincentive to
consider quality work.

Encourage trained contractors to sell building owners on non-energy benefits —
particularly longer equipment life, lower maintenance costs, and fewer tenant
comfort complaints — of treating key problems.

Key Indicators of Success

A number of different indicatorswould be used to gauge program success. K ey among thesewould
be:

e The number of HVAC technicians who receive program training to provide charge/airflow
diagnosis and repair services,

*  The number of HVAC technicians who receive program training to provide duct diagnosis,
seding, and repair services,

*  Thenumber of chargefairflow repair jobs that qualified HV AC contractors sell and complete;

*  The number of duct seding/repair jobs that program-qualified HVAC contractors sell and
complete; and
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« Consumer avarenessof the potentia operating efficiency problemsthey may have, the benefits
of addressing them, and the availability of program services.

Costs and Savings Assumptions
Savings
Table C-5summarizes the energy and coincident peak demand savings available from the retrofit

HVAC repair services promoted by the program. These savings estimates are based on a review of
dozens of studies from across the country (Neme, Proctor, & Nadd 1999).

Table C-5. Energy and Peak Demand Savings from HVAC Tune-Up/Repair

% Energy Savings % Peak Demand Savings

Charge/Airflow Repair 17% %

Duct Sealing/Repair 10% 10%
Combo — Charge/Airflow & Duct Repair 24% 14%

The basdline energy use to which these saving percentages would apply would vary consderably
fromregion to region. The basdine pesk demand could aso vary. However, it will likely not vary as
much. On average, basdline coincident peak demand would likely be on the order of 2.75 kW.*? Thus
a14% peak demand savings would trandate to approximately alittle under 0.4 kW.

Costs

The full cost of a service cal to repair charge or airflow is estimated to average $100 (Sybert
2000).% The full cost of a duct system diagnosis and comprehensive duct sedling and repair is
estimated to be approximately $350 (Haskell 1996). The incremental cost of each of these services
would be lessif they were offered as part of aregular servicecdl (i.e,, if the cost of getting to the home
were aready being incurred). For example, if these services were provided at the time of a normal

12 A 3ton central air conditioner will draw 3.91 kW if it hasan EER of 9.2 [kW = (Btuh/(EER* 1000))]. AnEER
of 9.2 istypical for a SEER of 10.0. A recent study of six different utility service territories suggested that, on
average, 15% of units were constantly off during the hour of system peak, 60% of units were cycling (largely due
to over-sizing), and 25% of units were running constantly (Petersen & Proctor 1998). If the average duty cycle of
the 60% that were cycling was 75%, the average coincidence factor for the entire population would be 70%
[(0.60*0.75)+0.25]. A 70% average coincidence factor applied to an average full load draw of 3.91 kW yields an
average coincident kW of 2.74.

18 Someof the HV AC contractorspartici pating in the SDG& E program are offering the serviceto consumers
for the cost of the incentive ($75) that the utility has made available.
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service cdl, theincrementd cost would be approximately $75 less than the costs noted above, after
crediting the cost of anormd service cdl.
Non-Energy Benefits

There are substantia non-energy benefits associated with efforts to promote corrections to air
conditioner charge and airflow and aso to sed/repair duct systems. Chief among these are improved
comfort in the home, reduced maintenance costs, and longer equipment life,

For example, both proper arflow and proper charging are essentia to maintaining proper humidity
control. If either airflow or refrigerant levels were too low, the capacity of the equipment would be
reduced since not enough heat transfer could occur between the coils and the air in the duct system.
Duct leskage aso reduces effective equipment capacity, particularly if there are leaks in the attic
(Rodriguez et d. 1995). Such capacity losses could compromise the ability of the system to cool a
home, particularly on very hot days. Very low airflow or too much refrigerant could dso lead toicing
of the coails, refrigerant floodback, and even compressor failure (Neme, Proctor, & Nadel 1999;
Parker et a. 1997).

Measure Life

The savings from charge and airflow corrections could be expected to last for the remaining life of
the centrd air conditioner or heat pump. If the life of a centrd air conditioner can be estimated as 18
years (see previous program description), on average the remaining life of an existing unit can be
estimated as 9 years.

The savings from duct seding and repair could outlast the existing centrd air conditioner or hegt
pump. They can be assumed to last 15 years.

Possible M ar ket Penetration Rates

Market penetration rateswould likely vary to some degree depending on location. The key market
barriers would likely be more severe in some states than in others. On average, it should be possible
to reach the following percentages of existing centra air conditioners and heat pumps over a 5-year

period:

Table C-6. Penetration Ratesfor Residential HVAC Tune-Up/Repair

] Char ge/Airflow Repair Duct Sealing/Repair
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Year 5 4.00% 1.50%

The estimated participation rates for the early years are cons stent with those redlized by SDG& E
initsfirst 16 months of operating asoftware-based program for charge/airflow repair and initslessthan
12 months of aduct seding initiative similar to the one proposed here.!* The rates for Y ears 3 through
5 are extrgpolations from the first 2 years, as no smilar program has progressed beyond its second
year of operation.

14 SDG&.E has dlightly over 1 million residential customers. Roughly one-third of them have centra air
conditioners (Downey and Proctor 1999). Therefore, there are approximately 350,000 residential central air
conditionersin SDG& E’ s serviceterritory. SDG& E's goal for the year 2000, itsfirst full year of operation, is 3,000
charge/airflow tests (or roughly 0.85% of the central air conditioner stock). That goa will probably be met.
Approximately half of thosetested (i.e., alittle more than 0.4% of the central air conditioner stock) are expected to
receive treatment to correct problems (Proctor 2000). SDG& E also expects to have 500-1,000 duct tests performed
in 2000 (Proctor 2000). If half of those result in corrective action, the program will have sealed the ducts of
0.07-0.15% of the central air conditioning systems.
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3. Commercial and Industrial HVAC Equipment Program
Overview

The god of this program is to assure the efficient sdlection and ingtalation of cooling and air
digribution systems in the commercid and indudtrid sectors. There ae two primary
components—chiller system efficiency and unitary HVAC system efficiency. In each case, “system
efficiency” incorporates efficient equipment and proper specification, design, and ingalation. Utilities
or other program sponsors could significantly reduce pesk smply by assuring selection of efficient
chillers and unitary systems, but could save much more through influencing overal sysem design and
ingallation practices.

Therearetwo mgor waysto capturethe savings from high-efficiency cooling equipment: voluntary
programs such as the Consortium for Energy Efficiency’s unitary equipment standards and rebate
programs, and mandatory standards. Both approaches are needed to help reduce demand.

While consumers and commercia buildings could save money by choosing efficient systems, many
unitary systems are purchased based on recommendations by building contractors who have no
concern with operating cost. Therefore, mandatory standards would provide the most long-term
benefits. Standards for smal commercia systems expected by 2003 will likely increase performance
10-20%. Setting a strong new federa standard on residential and smal commercia ar conditioning
and heat pump systems could eliminate the need for gpproximately 26,000 MW of peak generating
capacity by 2010, and more than twice that by 2020 (Thorne, Kubo, & Nadel 2000b). Additional
savings could be achieved through building code standards on larger systems.

The proposed voluntary program focuses on marketing higher-efficiency units not only to achieve
direct effects, but toinfluencefedera standard-setting proceduresand stateandlocal codes. High near-
term penetration of units that meet the Tier 1l standard set by CEE (discussed below) could help
support anearer-term and more stringent standard. The program could a so hel p accel erate acceptance
and state and locd adoption of the chiller efficiency levelsin the ASHRAE 90.1-1999 standard (also
discussed below).

However, there are savings on chiller efficiency available beyond the ASHRAE standard.
Furthermore, savings from system design and ingdlation will largely be influenced by market forces
because these dementsaredifficult toincorporateinto standards. For thesereasons, theprogram offers
asystem of rebates, vendor and customer marketing, technica ass stance, and training designed to build
market demand for efficient equipment, design, and indalation and systems, and aso to assure that
contractors can meet that demand.
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Program success would require a close working relationship with key vendors as well as
customers. Implementors should work with customers so they can ascend a ladder of sophigtication
in HVAC system design, as described below:

Stepl.  Sdect efficient equipment

Step2.  Monitor systems and properly size equipment

Step3.  Dedgn efficiency into chiller distribution systems and unitary ducts.

Step 4.  Reduce heat-producing loads (e.g., lighting, computers) before Szing and designing
large systems.

Step5.  Employ eficient ingtallation and commissioning practices.

While each of these eements adds complexity to the program, the utility or other program
implementor could add them incrementaly as technical and adminigtrative capability is added, and
customers could access the program at the leve of their own motivation and capability.

Target Market

The target market conssts of unitary HVAC systems (including split, heat pump, etc.) and chiller
sysemsin dl commerciad and indugtria buildings. Common “early adopters’ for both chiller systems
and unitary HVAC include owner occupants, more forward-looking ingtitutions, and buildings with
heavy coolingloads. Early participantsin unitary HV AC programs haveincluded hospitas, restaurants,
some retall (especidly chains), and some industrid facilities. Hospitds, universties, and indudrid
fadlitieshave been early participantsin programsto optimize chiller systemsand related loads. In some
cases, chiller optimization has actudly removed production bottlenecks at indudtrid facilities.

The relative importance of chillers versus unitary equipment depends on loca equipment stock
characterigtics. Areas with high-rise buildings and older buildings (pre-1990s) tend to have more
chillers. Areas with more one- and two-story buildings and more recent buildings tend to have more
unitary equipment. While new construction is important, HVAC equipment sales in many aress are
dominated by replacement of failed or failing equipment. In most areas, 60% or more of unitary sdes
volume is replacement equipment. Thisis especidly important because many replacement purchases
are not influenced by building codes. Codes may theoretically apply in some cases, but are rarely
enforced unlessthereisamgor renovation. The mgority of purchased chillers are dso replacements.

Chiller ingalaion can have a lead time of 6-24 months, depending on the Situation. Therefore,
efficdency work with unitary equipment may have more impact during the first 2 program years.
However, chiller loads may cumulatively be sgnificant over severd years in high-rise cities where
chillers are common. Also, chillers provide an opportunity to get large savings from eech Site.
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The chiller optimization gpproach discussed below could provide sgnificant additional savings, but
generdly it is only applied to a minority of the replacement chillersin a given year. Thisis due to the
ggnificant time and capita requirements needed.

Efficiency M easures/I ncentives

Chillers involved in this program should exceed the minimum pesk efficiency thresholds in the
recently passed ASHRAE 90.1-1999 standard. Separate minimum thresholds for peak efficiency and
integrated part load vaue (IPLV) are recommended. The former are more appropriate for heavily
loaded chillers, and the latter for chillersthat operate only partly loaded most of thetime. If achiller is
oversized for pesk loads (as many are), an IPLV improvement could result in savings during pesk.
Furthermore, some leading brands perform better on peak, while others perform better at lower load
levels. Incentives that reward exceptiond efficiency by ether criteriawould encourage both types of
savings and maximize vendor participation. And both would save pesk on average. An example of
chiller incentives (those for Conectiv Power Ddlivery — Conectiv) is provided as Table C-7.

TableC-7. Sample Chiller Program I ncentive Schedule— Water-Cooled Units, 300+ Tons Cooling Capacity and
Larger

Centrifugal Screw

KW/ton Full Load TPLV Full Load

$/ton $/ton $/ton

Conectiv aso has incentives for smaller and air cooled chillers. These incentives can be obtained
at their Web site (Conectiv 2000c). Utilitiesin New England and New Jersey plan to update chiller
incentives for 2001 to reflect the new ASHRAE standard and current practice. Since significant
enhancements are expected, it will be worth checking back at their Web sites for these updates.
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A complicatedissuefor chillersisincentivesfor variable gpeed drives (V SDs). Somemanufacturers
are now offering chillers with built-in VSDs. Like the mechanica improvements that lead to better
IPLV performance, V SDsassure better performanceat partia |oading conditions, which, for oversized
chillers, can include peak load. We recommend measuring chiller performance for purposes of chiller
rebates without VV SDsand providing aseparate rebatefor V SDs. Thiswould alow manufacturerswith
units that are mogt efficient a peak loadsto get arebate for improving peak performance, and then an
additiona rebate for usng VSDs to improve part-load performance.

Recommended minimum thresholds and incentives for unitary HVAC incentives are provided in
Table C-8. Theefficiency levelswere established by CEE for use nationwide. The incentiveswere st
by the Northeast Energy Efficiency Partnership’s Cool Choice program and are used by utilities
throughout New England and New Jersey.

Table C-8. CEE Eligibility Levels and Cool Choice Incentives for Air-Source Commercial Packaged Air
Conditioners

Required Efficiency NEEP Incentives ($/ton)

Cooling Capacity Federal CEETierl | CEETier2 CEE Tier 1 CEE Tier 2
Standard

<65,000 Btu/hour 12 SEER 13SEER
65,000-134,999 Btu/hour 103 EER 11 EER
135,000—-240,000 Btu/hour 9.7 EER 108 EER
>240,000 95EER 10EER

Separate thresholds and incentives have a so been developed for heat pumps, packaged terminal
units, and other less-conventiond unitary systems. A complete set of unitary HVAC replacement
qudifying levds and incentives (dong with another example of chiller incentives) can be obtained asan
Adobe Acrobat file from Nationa Grid's Web site (Nationd Grid 2000a). Nationa Grid is a
participating utility in the Cool Choice program.

Asof thiswriting, the Tier |1 incentivesfor ar-cooled sysems are particularly important. Asof this
writing, DOE is holding proceedings to determine future efficiency standards for commercia unitary
equipment. It appearslikdy that in afew years, units at leest as efficient as Tier | will be required by
law. Higher sdes of Tier Il units through programs might help influence DOE to st the efficiency
standards higher. Tier I unitsare currently availablein dl szesfrom at least two mgor manufacturers,
and will be from athird mgor manufacturer by the end of 2000.

Economizersgenerally arenot used during peak hours, but they can sometimesminimize pesk loads
by taking in cool morning arr prior to peak. This depends on loca peak hours and weather patterns.
In areas with appropriate westher patterns, additiona incentives should be offered to encourage
entha py economizersand economizerswith morerdiabledectronic controls. Whilemany HVAC units
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are currently sold with economizers, enthalpy economizers are less common, some enthapy
economi zers use nylon sensorswhich fall frequently, and dua enthal py economizersarerdatively rare.
Enthalpy economizers, which account for both outside air temperature and humidity, offer sgnificant
efficiency advantagesin humid dimates and even in arid dimates with heavy dew during early morning
hours when economizers take in ar. Dud enthalpy economizers optimize outsde ar based on
comparing wet bulb temperature insde and outside the building. Additiondly, most single enthdpy
economizers can be set to a“minimum outsdeair” modethat assures contractorsthat therewill not be
calbacks, but does not provide much savings. Dud enthapy economizers do not have this option, so
are not aslikely to be effectively disabled by contractors who want to avoid callbacks.

A wholesde source (who chooses not to be quoted) suggested that theretail cost of moving from
a dry bulb economizer to dud enthapy with dectronic controls should cost less than $300, and to
single enthal py should cost lessthan $150. Retail sources (which likewise cannot be cited) suggest that
incremental costs are on the order of $200 for single enthapy controls and $400 for fuel enthapy. It
would probably be worthwhile to investigate local prices before seiting incentives.

Additiondly, some utilities offer incentives for chiller syslem optimization. These are discussed in
the “ Chiller Optimization” box below.

Program Strategies
Bariersto efficient HVAC systems are diverse because customers are diverse, and the demands

of different el ementsof thisstrategy on customers, designers, and contractorsvary. Table C-9 presents
abasic overview.
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Table C-9. Market Barriersto Commercial and Industrial HVAC Efficiency

Market Barrier

Customer Accessto Many customers:

Information » Do not know that equipment choices have significant impacts on efficiency and
utility costs.

Do not know much about quality installation practices, duct design and materials,
economizers, or controls.

Are not aware that well-designed HV AC systems meet user needs better.

Do not have unbiased sources of information. It is difficult for customersto
discern which contractors are expert in these areas.

Most unitary systems are bought from a single contractor without competition or
by low bid. Neither situation provides the contractor with high motivation to sell
more expensive systems. Efficiency levels are sometimes included by customers
in chiller bid specifications, but rarely for unitary systems.

Many customer organizations (small and large) have not assigned responsibility
to anindividual to pursue efficiency. This hampers decisions and limits expertise.
Most customers do not have the capability to perform quality assurance on duct
design, chiller system design, installation, etc.

Many businesses and government entities consider energy efficiency to be alow
priority for funding becauseit isasmall part of operating costs. Many financial
managers focus on maximizing revenue as a higher priority than cutting costs.
Trade Ally Barriers In some regions of the country, high-efficiency packaged equipment is not
routinely stocked and isa* special order” item with longer delivery times and
higher costs.

Many vendors have limited knowledge of efficient equipment and installation
options. Customers are not providing them with the motivation to learn.

Skills to optimize chiller systems involve metering, modeling, and system design.
Engineerstend to specialize in a subset of these areas. Because customers have
not demanded a synthesis of these skills, nor detailed design for efficiency
purposes, very few engineers have the experience to deliver.

Manufacturers' representatives often play akey advisor rolein chiller selection.
They may bring their own agendas and biases into the fray, based on what
equipment their firm most profitably sells.

Most unitary systems areinstalled at the time of failure or when systems are
performing inadequately. Thisallows no time for design. Generally the only trade
ally consulted is the contractor.

In the absence of metered data, engineers usually add multiple “ safety factors” in
sizing. Thisresultsin oversized systemsthat could add to peak loads.

In the absence of system modeling, chillers and HV AC distribution components
are not optimized.

Product Definition Thereisno nationally accepted definition for a high-efficiency chiller beyond the
ASHRAE code (which is not aggressive)

While CEE provides efficiency guidelines for unitary HV AC equipment, these are
not promoted in many parts of the country.

There are no well-known labels or third-party-endorsed checkliststo help
customers ask for quality installation, or for vendorsto promoteit.

Thereisno clear market label for areliable, predictable product. Everything
hinges on the reputation of the individual firm.
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Market Barrier
i i i Efficiency improvements are often “value engineered” out of construction
projects to assure that funds are focussed on more visible equi pment and more

immediate problems.
In rental buildings on short-term |eases where the tenant pays energy hills,

neither the landlord nor the tenant has along-term interest in reducing energy

costs.

In large organizations such as state and federal governments and multi-site
corporations, the corporate unit that pays for construction often is not the unit
that pays energy bills, and the two do not communicate effectively about
management of costs.

Failed unitary equipment is often an unplanned and unbudgeted event.
Chillers are magjor investments. Without outside encouragement, customers will

not plan for additional costs associated with chiller optimization.

Thefollowing program elements are the core of the HVAC program.
For Chiller Systems
Essentidl

* Rebates for chillers designed to capture currently available savings, marketed directly to
customers and through vendors.

Would Significantly Add to Savings

* Metering and andysis service to hdp customers “right-size” chillers.

* More sophisticated incentives and technical assstance to help customers optimize chiller
systems againgt |oads (see box below).

*  Workshops to help customers plan in advance for the cost and effort of optimizing chiller
systems, decide when chiller operation and maintenance (O& M) exceeds amortized cost of
anew chiller, and manage coolants.

e Commissioning of chiller systems.

Unitary
Essential

* Rebatestied to CEE s unitary HVAC standards, targeted to help encourage stringent federd
gtandards for commercia and industrid unitary equipment.
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Would Significantly Add to Savings

« Complimentary rebates for efficient economizers and thermodtats.

» Technicd assstance and training to enhance duct design.

» Cugtomer and contractor information to encourage efficient ingtalation.

»  Commissoning for larger buildings with multiple or large unitary systems.

The key dements are discussed in more detal below.

Chiller Optimization

Chiller optimization is the process of developing the most efficient chiller system that’ s possible and the
best match between chillers, controls, and loads. It is recommended for utilities and other sponsorsthat have
the technical resources to push the HVAC engineering community to higher levels of efficiency in design.
National Grid has one of the most highly evolved and successful programs for chiller system optimization —
Comprehensive Chiller Track, which serves 6-8 replacement chiller systems per year. Thisisonly afraction of
the chillersaddressed through National Grid’ sprogramsin ayear. Most chiller efficiency projectsinvolve only
arebate for an efficient chiller and sometimes one or two related items (e.g., amotor or variable speed drive).
However, optimization projects result in very large savings per site and provide many benefits to customers,
including downsizing of chillers, which could directly reduce peak kW.

National Grid pays rebatesfor efficient chillers(similar to Conectiv’ srebatescited above), 90% of the cost
of enhancements to peripherals (pumps, fans, motors, ducts, pipes, and controls), and 90% of the full cost of
heat-producing loadsthat are made moreefficient prior to the design of the new chiller system (primarily lights),
orlessif that is sufficient to provide the customer with a 1-year payback based on energy costs. Paymentsfor
peripherals and lighting tend to average about 65—70% of the cost of theseimprovements (K eena2000). While
thesepayment levelsare high, they have proven useful in persuading customersto undertake the expense and
effort of improving all components of the chiller system and heat |oads at once.

Foranalysisof chiller optimization , hourly load datamust be collected on the old chiller system. Thisdata
would then be used to create a calibrated hourly simulation of the building. This simulation would beused to
model efficiency improvementsto lighting and other heat-producing end-uses, then optimization of theHVAC
distribution system, and finally, selection of the most efficient chiller of the correct size.

To provide an example of chiller optimization, Worcester Polytechnic Institute (WPI) in Massachusetts
replaced a290 ton 0.85 kW/ton chiller with a 170 ton 0.62 kW/ton chiller (Gartland and Sartor 1998). The chiller
downsizing reduced the cost of the new chiller and was achieved in part due to reduced heat gains from
installing more efficient lighting and in part due to the fact that the old chiller was oversized. At the sametime,
WP installed new air handling unit controls (to improve system operation), added ASDs to pumps in the
system, and installed an outdoor air heat exchanger for wintertime computer room cooling. The total project
reduced electricity usein buildings served by the chillersby morethan 15% and had a5.2 year payback to WPI.
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Toavoid paying for measuresthat are common practice, theutility or other program sponsor must establish
abaseline for chiller system design. Thisisthe set of typical chiller design practices employed locally. Most
program sponsors establish these practices through discussions with designers and vendors and review of
recently constructed chiller systems.

Pacific Gas and Electric hasdevel oped Cool Toolsasastreamlined technical approach to optimizing chiller
systems. Cool Tools products are software programs, publications, and support servicesthat together provide
an objective analytical method for comparing alternative strategies during the design and operation of chilled
water systems. The products are public domain and Internet-based (PG& E 2000a). As of mid-2000, over 20
modul es (software and/or written materials addressing specific topics) were up and running, and more are in
preparation. However, work on actual customer buildings with the toolsisjust beginning.

Chiller optimization programs work best if there is advance marketing, through workshops, to educate
customers not only about the benefits, but about the planning requirements and the types of assistance that
program sponsors can provide.

Chiller optimization can be very cost-effectiveto the utility. A joint filing by New Jersey utilitiesincluding
a planned chiller optimization program utilized an average program cost of 1.4 cents/lkWh saved over the
measure life of the project (New Jersey Utilities 2000). Thisincludesthe customer share of incentives but does
not include the cost of the baseline (inefficient) chiller, and was based on prior experience at other utilities.

Technical Assistance

For unitary systemsin new congtruction and renovation, it may be possible, through utility-funded
technica assistance, to encourage quality load calculations to assure proper Szing, designer
specification of quality economizers, proper duct design and thermodtats, etc.

Technicd assistance supporting prescriptive chiller rebates can be relatively smple, but smart
customer advice and active assistance can pay. For example, use of load research data or loan of a
meter may make it possible to assess loadings on existing chillers prior to purchase of anew system.
Thisload data may lead to “right 9zing” achiller. A properly sized chiller may save peak because it
would operate at optima efficiency on the pesk day. Furthermore, it may not continue to “ramp up”
loads if weether conditions exceed design conditions.

For replacement of unitary equipment, technical assstance is generdly minima due to the limited
timeframe for purchasedecisons. It isat least theoretically desirableto requireload caculationsfor unit
replacementsto assure properly sized replacement units. However, thetimeframefor replacement and
circumstances make this approach difficult. Even if smdler units are gppropriate, they sometimes
require expensive and time-consuming curb modifications. Furthermore, requirementsto properly size
equipment may reduce contractor margins. For thisreason, a least until programs are well-accepted
by vendors, initiatives to assure qudity Szing and ingdlation should utilize * carrots,” such astechnicd
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and promotional support for premium contractor practices, rather than the “stick” of requiring good
ingtdlation practices to receive equipment rebates.

Marketing

Different parties play more centra roles for marketing various aspects of the program, as shown

in Table C-10.

Table C-10. Role of Different Partiesin Marketing Efficiency C& | HVAC Products and Services

Contractors

Critical marketing
channel

Designers

Important for new
construction

Large & Multi-
Site customer s

Direct contact is
important

Other Customers

Reach through
contractors

Critical participant

Critical participant

Critical participant

Participant

Direct contact is
important

NA

Direct contact is
important

Secondary target
market

Critical marketing
channel

Important for new
construction

Direct contact is
important

Reach primarily thru
contractors

Can sometimes
influence design

Critical participant

Critical participant

Critical participant

system, optimize

Secondary

Critical participant

Critical participant

Critical participant

participant

against |oads

Unitary sdes are heavily influenced by contractors and vendors. The best marketing approach for
vendors would involve cons stent rebates and promotion across al program sponsorsin aregion. For
example, Northeast Energy Efficiency Partnerships has contracted for “circuit riders’ to vist vendors
and provide promotion for their unitary rebate program (NEEP 2000). Additiondly, for new buildings,
it isimportant to work with customers, designers, and devel opersto promote efficient units. Under the
NEEP program, utilities mostly work directly with customers to compliment the circuit rider’ s efforts
with contractors. However, it may be more practical in some casesfor marketing contractors to work
withboth partiesin tandem. Conectiv Power Ddlivery of New Jersey, aNEEP program member utility,
uses this gpproach.

Unitary ingdlation would be best influenced by working both with contractors and customers to
promote a set of efficient practices. While experience in thisareais limited, as of thiswriting NEEP is
experimenting with aset of customer education materidsonthistopic. These materidswill hdp explain
why it is important to hire a contractor who follows quality indalation practices and what those
practicesare. A group of New Jersey utilitiesisaso working to devel op contractor training installation
practices (Linn 2000). Because there is little understanding of the relationship between ingtdlation
qudlity, efficiency, and performance among customers and contractors, program sponsors could need
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to take a leadership role in working with contractors to demonstrate qudity practices and show the
benefits.

Unitary HV AC contractors acrossthe country have becomeleery of utilities because someéectric
utilities are buying unitary contractors and competing directly for customers. For this reason, utilities
would need to assure contractors that they would not use customer data or other intelligence gathered
through efficiency programsfor their own purposes. However, thissituation a so createsan opportunity.
To survive, unitary HVAC contractors are increasingly receptive to the idea of premium services as
atool to differentiate themsdavesin the market. A *premium contractor program,” endorsed by utilities
or other program sponsorsasagroup, could consist of promoting the use of high-efficiency equipment
and high-quality controls and economizers (eg., programmable thermostats, dud enthapy
economizers), and the adherence to aligt of quaity ingtallation practices.

Chiller salesare heavily influenced by manufacturers' representativesand distributors. Somehighly
successful programs market efficient chillers primarily by setting up relationships with these parties.
However, larger and more sophisticated customers (some chains, property managers, multi-site office
and retall owners, some hospitals, and large indtitutions) often play a more significant role in product
selection and would need to be marketed to as well.

Financial Incentives

These were discussed under “Measures,” above.
Financing

Fnancingisparticularly important for chiller optimization projectsdueto the significant capital cost.
The type of financing referral system discussed under the lighting retrofit acceleration program (later
in this gppendix) is recommended.
Quality Control

For equipment rebates, the utility would need to review the proposed equipment (proposed
specifications in advance where possible,™® ingtalled equipment after the fact) to confirmthat it meets
program standards. For al equipment, ingpections to verify that the specified equipment is indtdled

would be aso important. We recommend that efforts to assure proper unitary equipment ingalation
be carefully crafted to not sabotage efforts to enlist vendors. Given the ddlicate rel ationships between

15 Because unitary equipment is often replaced under emergency circumstances, it is important that the
program permit rebates without pre-inspection as long as equipment qualifies.
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vendorsand utilitiesdiscussed above, programs should focus on education and marketing for sometime
before ingdlation quality becomes a program requirement.

Expert engineering review is important to assure that any studies of metered data to help size
systems are properly done.

Relationship of Program Strategies to Market Barriers.

These reationships are summarized in Table C-11.

Table C-11. Market Barriersand Strategiesfor Commercial and Industrial HVAC Efficien

system performance, design, project planning, and installation.

Program sponsors (staff or technical contractors) reduce the burden of
recommending strategies and quality control.

Development of model bid specifications for efficient equipment.

Education for customer regarding how to identify quality contractors.

Trade Ally Barriers Trani ng on efficiency economics, equipment choices, duct design, and installation
practices.

Help for contractors using efficiency to differentiate themselves in the market.
Customer promotionsto create the “market pull” to engage contractors. Start with
the largest and most motivated customers.

Use of unitary rebate program to encourage stocking.

Use of technical studies and quality control to bring design contractors and energy
specialists to the next level of capahility.

Promotion of case studies that show quality design paying off.

Working closely with manufacturers of chillersto influence toward efficient
designs.

Use of metered information to improve engineer confidence in appropriately sized
systems.

Product Definition Promotion of the CEE Tier 11 unitary HVAC standard.

Development and promoation of the minimum efficiency standards for chillers.
Development of utility-endorsed unitary installation checklists.

Development of specification and/or certification for quality commissioning.
Financia Barriers Rebates — prescriptive and custom.

Financing referral servicefor large projects.

Promotion of successful jobs with bottom-line oriented case studies.

Financial planning as akey element of chiller planning workshops.

Where practical, promotion of equipment downsizing as capital savings.
Promotion of life cycle costing, but don’t expect customer tendencies to focus on
first cost to change overnight.
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Key Indicators of Success

« Sdesof eficient chillers and unitary equipment as a proportion of tota saes. For unitary
equipment, stocking and sdes of Tier |1 unitary systems would be particularly important.

« Contractor and cusomer awareness of efficiency issues, including efficient desgn and
ingdlation.

« Contractorswho market themsdalvesas*” premium service” contractorswhileadhering to utility-
approved equipment salection and procedures.

« Proportion of chiller sysems being optimized during design.

« Proportion of chiller syssems and large unitary systems commissioned.
Cogt and Savings Assumptions
Savings

Effident chillers are available that exceed the basdine peak efficiencies shown for Conectiv’'s
program (Table C-7) by 5-20%, depending on the size, type, and brand. Comprehensive chiller
optimizationgeneraly resultsin greater savings, typicaly resulting in additional savings of around 10%
or more (Wolpert et d. 1994). CEE Tier | unitary HVAC units reduce energy use by approximately
10% reative to typicd non-qudifying units, varying with Sze. Tier |1 units save an additiona 6-13%,
varying with sze and manufacturer. Given that efficiency israted for pesk operation, the savings should
trandate directly into peak savings.

Savings from economizers vary significantly from Ste to Ste. Additionaly, these measures do not
aways reduce peak use. Economizersbring air into buildings during cool hours, whichin somecdimates
occur inthemorning of peak days. Thisisespecidly truein moderate, dry summer climateswhere cool
mornings can be followed by peak heat. Economizersthat fail in the open mode sgnificantly increase
pesk load. Experts differ regarding whether such failures are often noticed and corrected, but thereis
limited information to support any position on this topic. Economizers that fail in the closed mode can
aso add to pesk. If ingdlation of higher-quality economizers results in avoiding falure in a modest
share of units, the energy savingswould be sgnificant and the pegk savingswould be sgnificant in many
climates.

When comparing savingsto cog, it isimportant to consder the benefit of energy savings as well
as peak savings. These depend on hours of use, time of use, and loca dectric rates.

72



Using Targeted Energy Efficiency Programs, ACEEE

Cost

For chiller rebates, incentives are paid per kW/ton, so cost/kW can be derived directly from the
incentive chart. For example, if a 300 ton chiller were purchased a 0.54 kW/ton instead of 0.60, the
cost would be $45/ton for 0.6 kW/ton, or $750/kW. Assuming that the average chiller operates at
85% of capacity during peak (and assuming conservatively that savings are proportiona to loading),
thiswould be $882/kW.

For unitary equipment, kW savings a full load can be estimated using the formula

Peak kW= Btuh/EER/1000
Where:
Btu/hour = tons* 12,000

Depending onloca conditions, some unitary equipment runsat lessthan full load during utility peak
hours because the equipment is oversized or not in use. A 85% loading factor may be reasonable (as
discussed above, 70% istypica in resdentid but commercid average loading ishigher). For example,
for a7.5 ton unit, if loca common practice were the federa standard of 8.9 EER, the more efficient
equipment would cost $311/peak kW.1°

Loca basdine sdes patterns should be considered; many areas probably sdl amix of equipment
including some at the CEE Tier | standard and some less efficient. Adminigtrative costs should be
added to this figure (perhaps 20%, depending on program design and volume).

Non-Energy Benefits

Well-designed HVAC systemstend to meet user requirements better, because the cooling system
is better tail ored to building requirements. Chiller optimization can often lead to reduced chiller szeand
consequent reduced capital costs.

Measure life

According to the ASHRAE Handbook (ASHRAE 1999), rooftop air conditioners haveamedian
sarvicelife of 15 years and packaged chillers have amedian service life of 23 yearsfor centrifugal and
absorption units and 20 years for reciprocating units.

16 Peak kW = 7.5*12,000/(8.9* 1000)* ((11-8.9)/11)* .85=1.64 KW. The incentive suggested in Table C-8 is
$68/ton, providing a cost of $311/utility peak kW.
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Market Penetration

Penetration rates for efficient equipment, as ashare of the units sold each year, are estimated in
Table C-12. Bear inmind that thisisageneralized projection based on market potential and early field
results from existing programs. Anecdotd information indicates that basdine penetrations vary
sgnificantly by region. “Before-program” penetration rates should be assumed to be static over the
forecast period, except for Tier Il unitary equipment, where a “without program” projection is
provided. The penetration rates shown are market shares, including nonparticipants.

For unitary equipment, the net increase in penetration would likely include asgnificant number of
nonparticipants who have been influenced by the program (perhaps haf, depending on how the
program is marketed.). It is less clear whether nonparticipants would beinfluenced by chiller rebates.
This depends on existing basdlines and design practices.

Table C-12. Unitary HVAC, Chiller Efficiency, and Chiller Optimization Penetration Rates
Unitary Tier I1* Chillers Chiller Optimization
Without Program With Program
15% 15% 5% 0%
18% 20% 10% 5%
21% 30% 30% 10%
24% 40% 50% 15%

25% 50% 70% 20%
25% 50% 0% 25%

* Assumes significant base year natural market penetration. A 1998 study showed 7% penetration of Tier Il
eguipment in the Massachusetts market in 1998, and availability of Tier |1 equipment hasincreased significantly
since then (RLW Analytics 1999). Rebate programs help change the market, but many of the influenced
customers do not collect the rebate.

These penetrations apply to chiller and unitary equipment sales, not to the existing stock. We
estimate thet, in 5 years, in regions with an even digtribution of equipment ages over the measure life
and a 4% annud growth rate, sdes will equa 44% of the existing stock of chillers and 55% of the
existing stock of unitary HVAC eguipment.t’

These proportions will vary localy depending on the predominant age of existing system. For
example, if there was a boom in unitary ingtallation 15-20 years ago, there will be a boom in
replacement sales about now.

17 Chiller turnover = 5 years/23 year life = 22%; chiller growth = 1.04(5" power)-1 = 22%, while 229%+22%
= 44%. Unitary turnover = 5 years/15 year life = 33%; Unitary growth = 1.04(5" power)-1 = 22%, while
33% +22% = 55%.
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4. Commercial Building Retrocommissioning and Maintenance

Overview

The god of this program is to promote widespread retrocommissioning and proper ongoing
maintenance of large commercid buildings. This program aso seeks to build a szable ongoing loca
market for retrocommi ssioning servicesby addressing themagjor barriersthat hinder retrocommissioning
today, particularly the limited number of qudified commissoning engineers and the fact that most
building owners and managers are unaware of the benefits of commissoning services. Furthermore, the
program seeks to maintain the savings from commissioning over time by training and certifying building
maintenance gaff in good building operations and maintenance procedures. The program combines
traning and technica assgtance for building owners, managers, maintenance staff, tenants, and
commissioning providers with loca demondration projects and other promotions as well as financid
incentives to reduce the cost of commissioning services. Key program strategies are discussed below
and include:

« Education for building owners and facility managers,

e Locd demongtration projects and case studies,

« Egablishing a benchmarking system to help building owners assess the performance of their
buildings relative to other buildings,

« Active marketing to building owners and managers,

» Defining key services so they would be easier to understand and market;

« Commissioning service provider training and technica assstance;

» Maintenance gaff training and certification; and

« Financid incentives to reduce the cost of commissoning services.

I naddition, thefollowing recommended strategiescomplement theabove-listed activitiesand woul d
contribute to the success of the program:

» Loca market research;

« Tenant education to encourage tenantsto talk to their property managers about workspace
quadlity; and

»  Cooperation with other commissioning programs around the country on the development of
additional commissioning-related procedures and tools.

Target Market

The prime market for this program, & least initsearly years, would belarge commercia buildings,
over gpproximately 100,000 square feet in sSze, with an emphasis on owner-occupied buildings and
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Class A leased space. Owner-occupants should be targeted because they generally care the most
about building energy use sincethey pay the energy billsand not atenant. They aredso generdly more
interested inmaking investmentsinthair buildings. Class A officesshould betargeted becausethey have
the highest rents and maintaining tenant satisfaction isimportant for kegping occupancy rates and rents
high. Large buildings (as well as multiple smaller buildings on common campuses) should be targeted
because these buildings generdly have complicated HVAC and control systems that could usualy
benefit from commissioning. Also, large buildings use large amounts of energy, providing opportunities
for large energy and cost savings in a sngle project. And large buildings often have in-house
maintenance daff, providing gregter opportunities to maintain the savings over time. Eventudly,
medium-size buildings (50,000-100,000 square feet and possibly even smaller) could betargeted, but
initia efforts should target large buildings.

Efficiency Measures

The prime measure to promote would be retrocommissoning services. Retrocommissoning isan
event in the life of an exiging building that sysematically looks for opportunities to improve and
optimize a building's operation and maintenance. Retrocommissioning seeks codt-effective ways to
improve functiondity of existing equipment and systems, and optimizes how they operate in order to
reduce energy wadte, extend equipment life, and improve building operation and comfort (Haed and
Sharp 1999).

Retrocommissioning is typicaly done by a skilled engineer with extensive trouble-shooting and
commissoning experience. The commissoning process typicaly includes four stages — planning,
invedigation, implementation, and handoff (Haad and Sharp 1999). The planning stage includes
identifying project objectives and systems to be targeted, defining tasks and responsibilities, and
preparing a plan that could be used to procure the desired services. The investigation stage includes
on-gte assessments and testing, including a review of energy use data and maintenance procedures,
walk-throughs of the site (during both the day and night), and short-term monitoring of key systems.
The investigation phase leads to identification of deficienciesin system operation and maintenance and
the devel opment of recommendationsto correct these deficiencies. Theimplementation phaseincludes
implementation of most no- and low-cost recommendations as well as development of a plan for
implementing additiona improvementsover time. Findly, thecompleted improvementsare* handed of f”
to the owner and their staff, along with information and knowledge gained during the processto help
the owner and gtaff better maintain their building in the future,

In addition, the program promotes training of building maintenance staff on good operations and
maintenance procedures. Such training could result in direct energy savings as staff identify and
implement improved building management practices (details on many of these procedures can befound
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in Herzog 1997). Trained personnd are aso in a much better postion to keep building systems
optimized, helping to maintain commissoning savings.

Program Strategies

Severa market barrierspresently hinder the commissioning of existing commercia buildings. These
are summarized in Table C-13.

Table C-13. Barriersto Retrocommissioning

Market Barrier

Customer Accessto Few owners and managers are familiar with commissioning services and their
Information benefits.

The value of commissioning services has not been demonstrated enough to
satisfy some owners and managers,; some perceive that the claims are too
good to betrue.

Shortage of Skilled Experienced staff and outside service providers are few in number.
Contractors, Staff, and Training for engineers and building staff in commissioning-related activitiesis
Tools often not readily available.

The limited size of the current market for commissioning services makes many
potential service providersreluctant to get the training and experience
necessary in order to enter the business.

Commissioning-procedures and software tools tend to be custom-devel oped
by each commissioning specialist with the result that many tools are not user
friendly and there is much overlap of effort.

Customer Difficulty Managers often do not know how to locate experienced staff or outside
Identifying Quality providers nor can they identify which staff and service providers are well
Contractors and Staff qualified to do commissioning work.

Split Incentives In rental spaces, tenants often pay energy bills, reducing the incentive for
building managers to properly commission their buildings.

Tenants are unfamiliar with building optimization approaches that could
improve the quality of building space as well as reduce operating costs.

Even in owner-occupied spaces, internal accounting practices, such the
separation of energy, maintenance, and capital budgets, makesit difficult to
obtain funds for new services or to provide direct financial benefitsto those
who agree to finance these services out of their budget.

Cack of Time and Lack of time, snort-planning horizons, and institutional inertia makes it

Program strategies seek to address these barriersin order to:

» Moativate the building owner and their saff to act;

*  Make expertise to optimize building operations reedily avallable; and

» Inditutiondize the building optimization and maintenance process o that savings continue over
time.
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The relationship between the different barriers and strategies are summarized in Table C-14. Each
of the program sirategies are discussed further in the sections below.

e
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Table C-14. Relationship Between Retr ocommissioning Barriersand Program Strategies

Market Barrier I ntervention Strateg)

Customer Accessto Introductory workshops for owners and managers on commissioning and its
Information benefits

Marketing to owners and managers

Local and owner-specific demonstration projects

Establish benchmarking system to help owners compare their buildings to
other buildings

Shortage of Skilled Commissioning service provider training

Contractors, Staff, and Technical assistance to local service providers by |eading commissioning
Tools experts

Training and certification for building maintenance staff

Cooperation with other commissioning programs on the devel opment of
improved procedures and tools

Customer Difficulty Educational workshops for and marketing to building owners and managers
Identifying Quality Certification program for trained and qualified building maintenance staff
Contractors and Staff

Split Incentives Financial incentives to reduce the cost of commissioni ng services
Educational materials for tenants on the benefits of building optimization
Cack of Time and One-on-one marketing efforts

Ingtitutional Inertia Financial incentives to reduce the cost of commissioning services

Owner/Manager Education and Marketing

Educationfor building ownersand facility managersis needed to familiarize these decison-makers
regarding the opportunities for and the benefits of commissioning, and to provide informationon how
to obtain quaity services. These efforts should generdly target the person with budget authority for a
building. A potentia marketing strategy would be to emphasize how, for many buildings, building
operation isamultimillion expense that is largely unmanaged. To support education efforts, standard
materids would be useful such as written materias, case sudies, and dide presentations (including
short, medium, andlong versonsfor different level sof decison-makers). Much of themarketing would
need to be done face-to-face with individua decision-makers or through building owner associations
and peer groups. One generd approach that has been effective is to identify one dte or system to
optimize, monitor performance before and after optimization, and use the results to help convince
decison-makers to optimize other systems or buildings. Utility/government endorsements could aso
be ussful, as could be referrasto quaified contractors. Both the Building Commissioning Association
(BCA) andthe Association of State Energy Research and Technology Transfer Ingtitutions(ASERTTI)
have devel oped one-day training programs for building owners and managers that could be adapted
for use in different regions of the country (Doyle 2000; Y ork 2000).
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Local and Owner-Specific Demonstration Projects

While some case studies have been compiled, these cover only afew regions of the country. Locd
programs should utilizeloca demongtrationsand case studiesto help promoteoptimizationintheir loca
areas. In compiling these case studies, in addition to standard information on costs and energy savings,
it would be useful to document non-energy benefits of retrocommissioning such as O& M cost savings
or changes in worker comfort and productivity. Furthermore, for many building owners, the most
relevant demondgtration would be onein their own facility, or short of this, acompeting firm in the same
industry and market. An effective promotion technique would be to work with owners of large or
multiple buildings and undertake a pilot project in one of their facilities, so they could see the benefits
directly.

Establish Benchmarking System

Building owners want to know how their buildings compare to other buildings. A benchmarking
system that is easy to use and adjusts for mgor climatic and operations differences would be a useful
tool for comparing buildings and by extenson, motivating owners of subpar buildingsto improve their
operations. EPA isworking on this issue through its BNERGY STAR Buildings™ program. As of this
writing, ENERGY STAR has developed benchmark tools for offices and schools, is working on a tool
for retail buildings, and is developing plans for tools on severd other building types. Loca program
managers should run severd loca buildings through thesetoolsin order to vaidate these benchmarks
for useinloca programs. Another database to tie into this effort would be the Building Owners and
Managers Associations s (BOMA) Experience Exchange reports.

Commissioning Service Provider Training

Many HVAC and controls engineers have experience in designing and troubleshooting building
systems. However, design experience and systems operation experience are different things.
Furthermore, many engineers have limited experience in using observed and metered datatogether to
solve problems. Likewise, engineers may know how to troubleshoot problems, but are unfamiliar with
how to set up procedures so that building managers can prevent problems from recurring. Still, with
proper training and experience, many of these practitionerscould progressively become commissioning
service providers. In order to assst this process, the program should sponsor training programs for
service providers — including HV AC consulting engineers, control specidigts, and others— and then
offer them technica assstance for ther first retrocommissioning projects using experienced
commissioning providersthat the program would hire on aretainer basis. These experienced providers
would aso conduct quaity control reviews on initiad retrocommissioning projects.
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Traning programs should be aweek long and include hands-on field experience. Training courses
of this type have been developed by BCA and ASERTTI. Following completion of the training
program, traineeswould begin to market their services, but would receive freetechnica assstanceand
quality control reviewson ther first few commissoning projectsin order to help them gain knowledge
and experience with practical commissioning procedures and trouble-shooting. Technicd assistance
would include ass stancewith preparing the commissioning plan, devel oping ashort-term metering plan,
andyzing meter and other data, reviewing draft reports, reviewing draft cusomer O&M plans, and
answering questions. (Note: trainers and technical assstance providers would need to be carefully
selected —they must be willing to help new people get started in the field; sometimes thiswould mean
hiring experts from other regions since experts from the loca region may be reluctant to train future
competitors.)

Maintenance Saff Training and Certification

Building maintenance staff can perform some commissioning work, and they are very important for
maintaining commissoning savings. The Northwest Energy Efficiency Council operates a building
operator training and certification program with two levelsof proficiency. Peopletrained at the highest
level are qudified to maintain the high leve of building operation that commissioning initiates. The
program includes certification in order to help building ownersidentify skilled staff and to help skilled
daff get recognition and possible promotionsfor gaining these skills (Putnam 2000). Thesame program
isoperated in the Northeast by Northeast Energy Efficiency Partnerships. Other operator certification
programs are run by BOMA (BOMA 2000) and the Association of Facility Engineers (AFE 2000).
Each program operates in a different way, appeds to a different niche among operators, and works
with the networks for operators that exist in different regions. Such programs should be avalable in
each region with aretrocommissioning program, and designed to reach operators with a wide range
of skillsand knowledge.

Financial Incentives

Financid incentiveswould makeit much easer to market commissioning services and subgantiadly
increase the number of projects that could be undertakenin theinitid years of the program. Based on
experience in the Northwest and Cdlifornia, we recommend that incentives cover at least 50% of the
cost of commissoning services. On the other hand, the building owner should also pay aportion of the
commissioning costs so that they have “buy-in” on the project. In addition, incentives for the
implementationof capital measuresidentified during the commissioning process could increase savings
sgnificantly (by capital measure we mean measures that have a sgnificant cost to the building owner
and that are not paid back with savings inthefirst year). Theseincentives, for example, could pay half
the cost of capital measures or could be sufficient to buy-down the cost of these capital measures to
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a particular smple payback period (e.g., 12 months). Dodds, Baxter & Nadel (2000) provided
information on incentives offered by many commissioning programs operating in 2000 .

Inaddition to these core program activities, thereare severa additiona activitiesthat couldimprove
the effectiveness of the program, including additional market research, tenant education and marketing,
and cooperation with other retrocommissioning programs on procedure and tool devel opment. These
additiona activities are discussed in the sections below.

Additional Market Research

Some market research on building O& M and commissioning practices has been conducted. For
example, reports with market research components include a manua sponsored by DOE on
commissioning existing buildings (Haed and Sharp1999), astudy for the Northwest Energy Efficiency
Alliance on commissioning practices and needsin the Northwest (SBW 1998), and aresearch project
onO&M practicescommissioned by agroup of utilitiesin the Northeast (RLW Anaytics 1999). What
is till needed is more focused research in other regions to determine current baseline commissioning
knowledge and practices, and reactions to various strategies to increase loca use of commissoning.
Also, there is aneed for further market research to explore specific markets for specific approaches,
such as focus groups or interviews with engineering firms and pecific types of customers to explore
ther interest in different business and training models for optimization services.

Tenant Education and Marketing

For leased space with “triple net” leases (where tax, insurance, and operating costs — including
energy costs — are passed onto tenants), in order to help motivate owners to improve building
operations, it would be useful to educate tenants about the range of triple net paymentsin their loca
area, and to encourage prospective tenants to consider the sum of rent plustriple net costs when they
compare buildings. An example of such a marketing program is the Better Bricks program recently
started by the Northwest Energy Efficiency Alliance (NEEA 2000). Smple ways to help tenants
identify efficient buildings, such asthe new ENERGY STAR Buildings™ program, would aso be useful.
Crestive gpproaches in which tenants and owners share commissioning costs and benefits should dso
be explored.

Procedure and Tool Development

Procedures for commissioning existing buildingsare il intheir infancy. Peter Herzog, aconsulting
engineer, has developed some procedures and written a book outlining how to develop an in-house
team to commission specific end-use processes (Herzog 1997). Many organizations and firms have
drafted proceduresincluding Portland Energy Conservetion, Inc. for DOE and TexasA&M University.
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Thereareawidevariety of servicesoffered by different service providers, ranging from smplelow-
logt O& M servicesto extensve metering, dataandysis, and trouble shooting. Thereisaso substantia
variationin the systems covered, with some providers focusing on one or severa pieces of equipment
(e.g., chillers) and others focusing on the whole building. While different service packages may be
appropriate for different customers, when dl packages are labeled “ refrocommissoning” it makes it
difficult for potentia customersto understand what servicesthey areoffered and it dso makesit difficult
for providers to market their services relative to other providers that are offering differing services.
There is a need to better define specific retrocommissoning packages (e.g., “full commissioning,”
“commissoning-lite” “chiller commissioning,” etc.) to matchthe needs of different customers and the
skills of different providers. For each of these service packages, standard tools and procedures could
assist new providersin getting started in thefield and could lso assst current providersin streamlining
their operations. Procedures should be flexible enough to service different building types, scaes,
systems, and design intent.

Locd commissioning programs around the country should work together on the development of
common definitions and additiona procedures and tools that would make training, marketing, and
sarviceddivery easer. Development of alibrary of public domain procedures, with someindex to their
appropriate gpplication, would be a useful sarting point for new providers and would aso be very
ussful for use in government buildings where there is frequently aneed for the establishment of formal
procedures. Similarly, improved software and hardware should be developed for better diagnosing
buildings. In particular, ways to better build diagnostic cgpabilities into key building equipment (such
as energy management systems, chillers, and economizers) should be explored. With such capabilities,
it would be easier to monitor and diagnose equipment operations.

Key Indicators of Success

Giventhe goals of this program, which are to both reduce pesk demand and to overcome barriers
so that recommissioning and good building O&M grow in the marketplace, indicators of program
success should include:

« Steady increases in building owner and manager familiarity and interest in commissioning and
good O&M procedures;

«  Growth in the number of skilled local commissoning service providers,

«  Steady growth in the number of commissioning projects undertaken;

» Good average energy and energy-cost savings (eva uated on a percentage bas's so that the
depth of commissioning savings can be assessed);

» Proportion of commissioning recipients who implement good operations and maintenance
programs,

e Peak energy savings achieved; and
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«  Good benefit-cost ratios from the customer and societal perspectives.
Cogt and Savings Assumptions
Savings

A 1997 review of fied data on 44 commissoning projects for existing buildings found that
commissioning existing buildings “often result[s] in whole-building energy savings of 5-15% and
paybacks of two years or less” Energy cost savings in these projects ranged from 2—49% with a
median of 19% (Gregerson 1997). However, given that this program would be a mass production
program that works with many different service providers, we would expect average energy savings
to be more modest — on the order of 10%.

Little data are available on the pesk demand savings of commissioning. However, two programs
did collect data on average peak (kW) and energy (kWh) savings, allowing aratio of energy to pesk
savings to be cdculated. For the Commonwed th Edison program in Chicago, this ratio was 1,950
kKWhKkW. For work by Texas A&M on their campus, this ratio was 860 KWh/kW (Dodds, Baxter,
& Nadd 2000). In our opinion, the Texas A&M figureisunlikely to be sustained across many projects
and the Commonwedth Edison experienceis more likely. Based on this thinking, kW savings can be
approximated by first estimating kWh savings (based on the 10% estimate discussed above) and then
dividing by 1,950.

Cost

The 1997 study on 44 retrocommissioning projects included costs per square foot for al of the
projects. Costsranged from $0.03-0.43 per squarefoot of building floor area, with amedian of $0.17
(Gregerson 1997). More recently, a review of experience with eight retrocommissioning programs
found that costs varied from $0.16-0.63 per square foot, with an average of $0.34. However, these
latter programs were a bimodd distribution, with four of the programs ranging from $0.16-0.19 per
sguarefoot and the other threeranging from 0.52-0.63. These latter programseither used out-of -state
service providers or involved very extensive continuous commissoning services. Based on these data
points and condderations, we would estimate that commissioning, on average, should cost
approximately $0.20 per square foot. All of these figures include costs to implement low-cost
commissioning recommendations.

Non-Energy Costs and Benefits

In addition to direct energy savings, there are numerous citations in the literature on how specific
commissioning projects have improved occupant comfort (e.g., by eiminating hot and cold spots) and
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improved equipment reliability and extended equi pment life (e.g., because equipment cycles on and off
less often). No systematic study has been conducted on how extensive these benefits are on average.

Measure Life

To our knowledge, thereare no sudieson thelifetime of commissioning energy savings. In practice,
the lifetime of savingswould vary from project to project, and could range from just afew months (for
projects that are not maintained and where building use changes) to in perpetuity (for projectsthat are
very well maintained. A 1998 analyss for the Northwest Energy Efficiency Alliance estimated an
average measure life of 7 years (Suozzo et d. 1998).

Possible Market Penetration Rates

As of this writing, commissoning programs are only in the pilot stage. A typicd trgectory for
commissioning programs might be 4-12 projects in the first year (Dodds, Baxter, & Nade 2000).
However, in New York State, a pilot chiller retrocommissioning program signed up more than 130
participantsinjust afew months (Henderson 2000). Based on these different experiences, we estimate
that a good full-scale program could maybe complete adozen projectsin thefirst year, perhagps40in
the second, and on the order of 100 per year thereafter until about 50% of the target market is served.
Theresfter, participation rates would dow as the program seeks to serve harder-to-reach customers.
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5. Commercial and Industrial Lighting Retrofit Acceleration Program
Overview

The purpose of this program is to increase the saturation of efficient lighting among existing
commercia and industrid buildings. The program accelerates and broadens the efforts dready
underway by customers and awide array of contractors to replace obsolete lighting systems withthe
more efficient systems that have become common practice for most new construction. For the
proportionof the building stock that replaceslighting periodically to upgrade appearance (i.e., replaces
fixtures sometimes during remodeling), alarge proportion of the savingsfrom this program would occur
with or without the program over the next 15-20 years. Neverthdess, acce erating the large amount
of availablelow-cost savingswould produce significant benefitsin areaswhere thereisaneed for near-
term, large-volume savings. This programwould be complemented by a separate but related effort to
enhance the qudlity and efficiency of common practice for lighting design, as described below.

Theretrofit acce eration programfollowsthemodd of highly successful programsthat haveevolved
over morethan adecade and arerdatively easy toimplement. Programsat National Grid and Conectiv
Power Ddlivery were selected as models for various components because the programs are well-
known to the authors, the programs have established track records, and further informationisreedily
downloadable on the Web. Key features are described below.

»  Customerswould be provided with arange of technica ass stance suitableto the scope of each
project.

* Prescriptive and customized (site-specific) rebates would be provided.

» Higher rebate levels and an optional separate procurement process are proposed to address
the particularly hard -to-reach small business customers (<100 KW). The smal business
component would provides the minority of the savings and could require higher expenditures
per kWh, but would likely have the grestest impacts after 5 years. This is because smdler
businesses are less prone to adopt new technology on their own.

» The program would be promoted directly by the utility or other program sponsor, but aso

would be designed to complement the efforts of energy service companiesand other proactive
marketers of efficiency.
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Target Market

The target market isal existing buildingsthat do not yet have high-efficiency lighting throughout the
gructure. While this encompasses awide range of customers, the following groups are prominent:

Hundreds of thousands of small-scale businesseswith modest individud dectric billsbut huge
cumul&ive potential savings.

Larger buildings, including many retail buildings, that are leased on a short-term basis and
where the tenant pays eectric hills. In these Stuations, the owner has no responsbility for the
hills and tenants have no long term interest in capital investments in the buildings, so many
owners have been dow to adopt efficient lighting.

Large inditutionsand firmswith limited cgpitd or interna organizationa knowledge, or interna
barriersto energy efficiency decison-making and contracting. In particular, many federa and
date buildings have not yet been retrofit. In areas where there have not been extensive prior
programs, many local government buildings aso use obsolete, inefficient lighting. Whileenergy
service companiesin some of these areas have addressed large indtitutions, many smaller ones
remain largely untouched.

Many buildingsretrofit in the early 1990swith efficient magnetic ballastsand 34 W lamps could
experience much higher savings with more aggressive gpproaches.

New technologiesthat areeasly retrofit, such aspulse sart metd hdidelampsfor highintengty
discharge (HID) applications, create additiona opportunities even for buildings that have
previoudy inddled efficient hardware.

In recent years, utilities haveinformed the authors that even sophisticated high-tech companies
aredill ingdling T-12 lamps and eectronic balastsin large new buildings Smply because they
are paying attention to other issues. The lesson is that retrofit opportunities can be found
virtudly anywhere.

For purposes of incentives and delivery structure, the market is divided into businesses with loads
over 100 KW (including chain stores of smdler buildings) and businesses with loads under 100 kW.

Efficiency Measures

The program includes any retrofit lighting efficiency measure that clearly reduces pesk load.
However, to smplify and accelerate contractor participation, it would useful to pre-caculate typical
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cost and savings, and establish prescriptive incentives for more common measures. For example,
Nationa Grid (formerly New England Electric) offers incentives separately for each of the following

types of equipment:

« T-8lampsand eectronic ballasts (incentives only available for retrofits);

« A vaiety of different flourescent fixtures that are highly reflective and use efficient lamps and
balasts —fixtures are differentiated to reflect different costs and efficiencies;

«  Compact fluorescent lamps with hard-wired balasts (screw-in compacts are less permanent
and often pay back so quickly that an incentive is not needed);

« Light-emitting diode (LED) exit Sgns;

« LED redtraffic lights (Note: some other program sponsors aso provide incentives for green
LEDs);

o Pulsegat metd hdide retrofit kits;

» New pulse gart meta halide fixtures;

«  New high pressure sodium fixtures;'®

« Wal-mounted and remote-mounted occupancy Sensors,

« Daylight dimming sysems,

»  Occupancy-controlled high-low control systems— for fluorescent and HID lighting; and

»  Huorescent de-lamping with reflectors.

Spedific prescriptive measures, incentives, minimum performance requirements, and other festures
are detailled on Nationd Grid's Web dte in an Adobe Acrobat downloadable file (Nationa Grid
2000b). Inaddition, asdiscussed below, other lighting improvementsaredigiblefor cusomincentives.

National Grid's basic gpproach to prescriptive lighting rebates is to specify minimum wett
reductions per fixture and specify quality dements of the ingdlation (such as power factor, tota
harmonic digtortion, and component quaity issuessuch asfixture efficiency). These specificationsleave
manufacturers and contractors with leeway to design and select a range of products, but avoid
gtuations where shoddy equipment isingaled. They dso assure that Nationa Grid is paying only for
measures that are more efficient than basdline equipment.

Nationa Grid offersanincentivefor T-8lampsand e ectronic ballastsas one-for-onereplacements
for T-12 lamps and standard magnetic balasts. They will aso retrofit low-power balasts (where
lighting leves alow) in place of efficient magnetic balasts (K eena 2000). While these measuresreduce
load, it is often possible to save much more by reducing the number of lamps and ballasts through use
of reflectors or new fixtures. One-for-one swapouts can “lock in” an inefficient fixture layout and thus
create lost opportunities for these additiona savings. Therefore, it is important, in working with

18 National Grid does not pay for HPS retrofit kits.
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customers and contractors, to encourage the more comprehens ve approach wherever feasible. At the
same time, it's important to recognize that delamping will not produce adequate light levels in all
gtuations and many customers are not willing to move fixtures.

Nationa Grid complementsits prescriptive rebates with a custom approach. This is for retrofit
measuresthat do not easily fit into rebate categories. Nationa Grid has aseparate worksheet to handle
these custom measures. This worksheet aso can be viewed as a downloadable Adobe Acrobét file
(Nationa Grid 2000b). Among the many grategies eigible for this gpproach are use of T-5 lampsto
replace HID lighting in high-bay indudirial settings. Because this involves careful fixture sdection to
assure proper light distribution, and because there are other dternativesthat may be preferablein some
gtuations, National Grid addressesthisasacustom measureinstead of providing aprescriptiverebate.

Program Strategies

The market infrastructure to retrofit buildings with efficient hardware isin place™® The equipment
isavailable in volume and with predictable qudity; numerous contractors market, finance, and manage
thistype of retrofit; customers have seen the equipment; and so on. In fact, this year a consensus was
reached between efficiency advocates and lighting equipment manufacturersto recommend equipment
standards that would essentidly outlaw magnetic fluorescent balastsfor new fixtures by the middle of
this decade, and outlaw magnetic balasts for most replacement applications in 2010. In September
2000, DOE formally adopted these consensus recommendations (Federal Register 2000). However,
balasts and lamps can last for many years, o accderation of this trend would produce significant
savings. Furthermore, many technologies that could be retrofit are not covered by this standard.

Customers who have not yet converted their lighting systems often have anumber of firm-specific
issuesthat makeit difficult for them to address efficiency. Theseissues were discussed to some degree
in the section on the target market, but are summarized in Table C-15.

The barriers are many, and no single approach could address al these barriers. However, private
contractors are achieving some retrofit savings with the most motivated customers. Program sponsors
have been able to add sgnificant savings (more savings per building and more customers) by offering
programs with incentives, multi-pronged marketing; and streamlined, intensive technical assstance.
These toals help by calling attention, reducing paybacks, increasng credibility, taking some of the
management burden off the customer, and smply forcing a decision.

19 Except for cutting-edge technol ogies such as T-5 lamps and daylighting where only some designersare
proficient.
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Table C-15. Market Barriersto Commercial and Industrial Lighting Retr ofit

Market Barrier

Customer Accessto Many customers do not have the technical familiarity to manage contractsto
Information install efficient lighting or to do the retrofits on their own.

Customers often lack expertise and time to engage in performance contracts.
Early performance problems with reflectors, electronic ballasts, and motion
sensors have left some customers gun-shy; they do not know that
consistency hasimproved and don’t know how to specify highest-quality
products.

Customers usually are less familiar with more recent products such as pulse
start metal halide lamps.

Many customers do not know how much light they need, so they are
conservative about reducing lighting levels. They also don’t know that
quality reflectors and fixtures could improve light distribution.

Customer Customers often lack the time and confidence to perform quality assurance.
Organizational Barriers Many customer organizations (small and large) have not assigned
responsibility to any individual to carry out efficiency measures. This
hampers decisions and limits expertise.

In many large organizations such as state and federal government and multi-
site corporations, the unit that pays for construction often is not the unit that
pays energy bills, and the two do not communicate effectively about
management of costs.

Many businesses and government entities consider energy efficiency and
lighting improvements to be alow priority for funding because energy costs
areasmall part of their overall operating costs.

Financia Barriers Many government entities have legal or political barriersto borrowing
(although leasing is possible in many cases).

Split incentives — properties on short-term |eases often |eave the owner with
no responsibility for electric costs and the tenant with no long-term interest in
the property.

Small businesses are often run on a cash-flow basis and lack capital for even
guick payback investments.

Many hundreds of thousands of customers are too small to attract the
attention of contractors or engineering firms.

Performance contractors (that provide off-balance-sheet financing as part of
its service) typically target transactions of at |east a hundred thousand
dollars, and most contractorstarget larger transactions than this. These
criteriaexclude all but the largest commercial and industrial customers from
performance contracting.

Marketing

The program should be marketed extensvely to customers and trade dlies. Nationa Grid, for
example, worksdirectly with larger customers, but has aso set up contractswith agroup of tradealies
to augment staff in marketing the program to medium-sized customers. Trade dly training sessonsfor
other contractors are aso held. Specia arrangements have been made to encourage energy service
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companies to participate in both technica studies and measure ingalation. In an effort to keep prices
down, Nationa Grid has dso sat up the “Buyers Alliance” aform of abuyers club. Nationd Grid
competitively sdects specific firms (one per equipment type) to offer low prices on specific equipment
types. Nationd Grid then offers (at no profit to itsaf) the customer the option of using the Buyers
Alliance contractor to supply equipment or working with a contractor of the customer’s choice to
procure equipment. While the program would be workable without this arrangement, it helps assure
acompetitive price on smaller equipment ingalations.

Financial Incentives

Nationa Grid'sincentives are detailed on its Web site (Nationa Grid 2000a, 2000b). In generdl,
Nationa Grid paysabout 40-50% of the cost of prescriptiveefficiency measures. Prescriptiveincentive
levelsfor specific items are fine-tuned based on market response through an annua review process.
The custom incentive is set a 50% of equipment cogt.

Theseincentive levelswould be sufficient to create large-scal e program demand. Areaswhereless
efficency has dready been implemented (ergo there is more pent-up demand) could use lower
incentives for atime. However, with significantly lower incentives, there would be the danger that a
large proportion of thetransactionsthat would be subsidized through the program woul d occur without
the program. Higher payments would accelerate demand for the program, resulting in asmdler share
of “freeriders”

Nationa Grid's custom incentives are paid as a percent of equipment cost. They have chosen to
pay ashare of cost because the cost/kW or kWh from different measures varies dramaticaly. Cogts
used to calculateincentives are based on bidsor invoicesthat arereviewed for reasonableness. Savings
for custom measures are determined through atechnica study, usually performed by autility contractor
but sometimes provided by an equipment vendor.

Other utilitieshave chosen to pay afixed $kW for customincentives, or afixed amount per fixture,
to reduce “gaming” of costs by the contractor and to smplify technica review.

Financing

Nationa Grid also helps customers locate financing for their share of the cost of efficiency
messures, working with a variety of banks and other lending and leasing firms. These offers
complement financing available through many contractors and through the customers' own contacts.
Nationa Grid fadilitation for financing has proven to bevauable, but isused only in asmall minority of
transactions. Additionaly, Nationd Grid offers customers with loads less than 100 kW the option of
financing their share of cogts on the utility bill, through Nationd Grid's smal C&I program. Other
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utilities have offered this option
and it has proven to be an
important complementary lever
to increase participation.
Quality Control

The key qudity control
steps would be review of the
proposal and ste inspection.
Proposal review for
prescriptive messures would
veify that the specified
equipment would save the
indicatled number of wetts
compared to prior equipment,
would meet program
requirements, and would be
appropriate for the customer
use of the space. Inspections
would confirmthet the specified
equipment was installed
properly. Payment would be
mede after ingdlation. When a
contractor would beginwork in
aprogram, it would be prudent
to ingpect dl dtes Where
contractors have installed
equipment in many buildings
and have established
performance records, post-
ingtallations could be on a
sample basis.

For custom inddlations,

Small Building Approach

Smaller businesses (e.g., under 100 kW at all sites) present a special
problem. Smaller transactions tend to have higher analysis costs, and
duetothelower volume, higher equipment costs. Small businessowners
have less time to deal with efficiency or with contractors, and the
savings/buildingtendtobesmaller. Asaconsequence, small businesses
tend not to respond in large numbers to the type of program described
above.

The simplest way to address this problem would be to simply
increaseincentivelevelsfor smaller business. Thiswould hypothetically
encourage contractors to develop special services to bring in smaller
customers. However, the use of turnkey contractorshasmet with limited
success at utilities such as Sacramento Municipal Utility District and
United Illuminating. Both these utilities decided to increase the degree
of utility administration (while still using contractors for audits and
installation) to reduce costs and increase program effectiveness.

National Grid addresses small businesses with a special program
approach involving bulk purchase of both labor and equipment and
direct installation by utility contractors. Itssmall C& 1 programis one of
the most successful in thecountry, having treated two to four thousand
customers per year for nearly adecade. They havereached about athird
of their small customer base Under National Grid’s approach,ahandful
of firms are competitively selected to provide checklist audits (using an
utility-determined standardized format) and install most equipment.
Equipment suppliers are selected through a separate competition to
provide large volumes of specific types of common measures. The
installation contractors use a utility computer system to order the
equipment and have it drop shipped to the site for installation. A
separate specialist contractor installs case cooler efficiency measures.

National Grid’s share of the cost was originally 100%, but over
several years has been lowered to 70-80% (varies by state). This has
significantly increased the number of customers that refuse to
participate, but the program is still able to address thousands of
customers per year. To help induce participation, the utility offers to
finance the customers' share of costs on the utility bill.

there would be one mgor difference — amore detailed proposa review to verify the reasonableness
of the engineering assumptions behind the savings estimate and the adequiacy of thelighting levels. The
cost estimate, which drives the custom incentive, would aso be reviewed for reasonableness.
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Relationship of Program Strategies to Market Barriers

Table C-16 shows how these program strategies would address each of the key market barriers
to efficiency invesmentsin the C&1 lighting retrofit market.

Table C-16. Market Barriersand Intervention Strategiesfor Commercial and Industrial Lighting Retr ofit

Market Barrier I ntervention Strategy

Utility staff and contractor technical assistance
Marketing through contractors

Marketing and technical materials
Technical studieswhere needed

Utility/sponsor endorsement someti mes focuses attention
Organizational Barriers Financial rebate opportunity could focus attention
Utility/sponsor assistance in project implementation

Utility/sponsor quality control and administrative advice to customer
Financia Barriers Incentives

Financing facilitation

Alliances with performance contractors and |easing firms to overcome
government entity restrictions on financing

Financing to produce positive cash flow, preferably on the electric bill
Higher incentives for small customers

Bulk purchase/direct install approach to minimize hassle for small customers

Key Indicators of Success

The primary indicator of success for retrofit lighting programs would be the level of savings and
participation. It isimportant to consider the savings beyond what the private sector would accomplish
in the absence of utility programs. While this can never be precisaly determined, post-installation
interviews with cusomers often reved ther prior intentions.

A secondary indicator would the comprehensiveness with which buildings would be treated. As
previoudy discussed, delamping with reflectors or fixture change-outs can often save much more than
one-for-one lamp and balast swap-outs. Many of the lighting design approaches discussed in the
section on the lighting quality enhancement program could be applied to retrofit Stuations if the
customer and contractor are sufficiently motivated and sophisticated.

Cost and Savings Assumptions

Savings
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Precise data on the percent of building pesak load that has been saved through thistype of program
are difficult to obtain, in part because many programs have been evauated as part of larger integrated
programs including other end-uses (because many evauations focus on energy more than peek) and
in part because eva uations tend to focus more on total savings than percent of load saved. However,
savings from smal C&| retrofit programs are often on the order of 10% of tota building (for all
electricity uses) energy and peak load. In 1999, Massachusetts Electric’'s (National Grid's largest
subsdiary at that time) small C&I program saved an average of 2.2 kW/customer from lighting
measures, and an additional 0.2 kW from other measures (National Grid 2000c).

For larger buildings, the savings from lighting ranges from 10-20% of lighting load, and in many
cases even higher, depending on the breadth and depth of the retrofit. EPA’ s program has commonly
found it possible to reduce lighting loads by 30-50% (EPA 1999). In 1999, Massachusetts Electric’'s
Energy Initiative retrofit program saved an average of 4.7 kW/participant with lighting measures.

While evauationissues are beyond the scope of thisreport, it isimportant to recognizethat lighting-
connected load reductions do not precisaly match nameplate ratings (Gordon, Quaid, & Gardner
1995). For example, lamp/ballagt interactions must be considered, which will sometime increase and
sometimes decrease consumption relative to nameplate ratings. Smilarly, not dl lightsare on (therefore
saving energy) during peak periods. For example, New England Electric’ s (now Nationa Grid) study
of lighting measures in new buildings using lighting loggers estimated diversty factors in the range of
77-80% during peak hours (New England Electric 1994). Also, the most common technique for
edimating lighting energy savingsisto multiply lighting load reductions (in wetts) times annua operating
hours. Severd utilities have conducted studies in which they ingtal meters or light-sensing loggers of
some type in a sample of buildings. A recent review of nine of these studies, covering on-site
measurements at 367 Sites, found average annud operating hours of 4005 (Miller 2000).

In addition, snce lighting energy savings reduces the heat produced by lighting systems, savings
esimates should include reduced air conditioning load due to less heet produced by lights, and the
corresponding increase in heating load for facilities with dectric heat. Cooling benefits will be higher
and heating benefitslower in warmer climates, and the reverse holdsfor cooler climates. The particular
effects vary by region and building type. A recent set of analyses by Lawrence Berkeley Nationa
L aboratory examinetheseimpactsin detail (DOE 2000c providesthemost recent estimates by building
type a the nationd level; Sezgen and Huang 1994 provide regiond data but their numbers are subject
to some shortcomings noted in the 2000 report).

Findly, there is the issue of freeriders, meaning customerswho participatein aprogram but would
have ingdled efficiency measures anyway. Some of the most recent estimates of freerider levels for
lighting upgrades are provided by a Nationd Grid 1999 survey of participants in its programs. For
lighting retrofit measures, Nationa Grid found that freeriderswere 0-2.5% of itssmdl customersand

9%
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3-5% of itslarge customers. The low end of the range Signifies participantswho are clearly freeriders;
the high end of the range includes* partia freeriders,” which are cusomerswho clam they would have
meade the improvements eventually but not necessarily soon (Nationa Grid 2000c). Also, asthe new
DOE ballast standards kick-in after 2005, these long-term partid freerider levels will increase (i.e,
incentivesprovidedin 2001-2004 will merely accel erate adoption of e ectronic balaststhat would have
been sold in the post-2005 period.

Cost

In 1999, Massachusetts Electric’s large C&1 retrofit program, Energy Initiative, provided the
following savings

Prescriptive Lighting Custom Lighting* Combined
Peak MW 41 04 45
MW years 78 6 &4
Annual GWh 16 3 19
Lifetime GWh 306 44 350

*Includes lighting controls.

Nationa Grid doesnot report cost-effectivenessby end-use. However, theoveral cost of program
implementation, including non-lighting measures, was $1,013/kW and $65/kW-year (undiscounted —
i.e, annua kW x measure life), and 1.3 centg/lifetime kWh (cost/lifetime kWh). The lighting measures
were among the more pesk-intensive and less expensive, so we can only assumethat they cost lessper
kW (Nationa Grid 2000c).

Lighting savings from Massachusetts Electric’ ssmal C&I program in 1999 can be summarized as
folows

Prescriptive Lighting

Peak MW 2.7
MW years 39
Annual GWh 6

Lifetime GWh 83

The overal cost was $1,134/kW, $78/kW-year, and 3.5 centskWh. These figures include non-
lighting measures, which aremore expensive, and so are probably dightly high. However, thisprogram,
and its codts, are dominated by lighting measures. Much of the higher cost/kW (compared to Energy
Initiative' s program) is due to higher marketing and ingtallation costs due to the small savings at each
gte. Thisisbaanced by the fact that small buildings tend to have fewer freeriders because customers
less frequently upgrade efficiency on their own (Nationd Grid 2000c).
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A review of the largest lighting programsin the country found that the mgority of programs hed
total costs below 4.4 centskWh saved and utility costs below 3.1 centskWh. Four programs had
costs of about 2.0 centskWh saved or less (Eto, Kito, & Sonnenblick 1995).

Non-Energy Benefits

The program would aso replace many lighting fixtures that were providing inadequatelight and in
some cases reaching the end of their useful life. Quality of lighting could be increased or decreased
depending on the quality control regime employed by the program sponsor and the qudity of lighting
contractors and equipment employed.

Measure Life

Controls asde, the life of most lighting measures depends on the time that the fixtures remain in
place. The most thorough study of which we know estimated life for a large sample of in-service
fixtures. Even in an areawith high building growth, the average life was 21 years (Skumatz 1994).

Control measures may have different lives depending on the durability of the sensors and
equipment. Nationa Grid estimates a 10-year average measure life for occupancy sensors.

For balagsingaled without new fixtures, life is best measured in hours of use since annud hours
vary dgnificantly from building to building. Generdly, the equipment rating for specific equipment is
useful. One study found atypicd life of 70,000 hours (Gordon et. a 1988).

Market Penetration
Thiswould depend on what has already been donelocally. High-volume programs have addressed
as much as 5% f the total market per year for anumber of years. A few very high-incentive programs

may havemoved faster for individua years(Edgar, Kushler, & Shultz 1998), particularly those operated
by smdler utilitiesthat intensvely cultivated community involvement (Holt, Gordon, & Tumidg 1995).
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6. Commercial and Industrial Lighting Design Enhancement Program
Overview

The purpose of this program isto capture savings by using equipment and design practicesthat are
more efficient than standard practice in commercid and industrial new buildings, renovations, and
remodds. Lighting loads are the key determinant of commercid building peak. Design enhancements
beyond current practice could radicaly reduce pesk lighting load in some facilities if both efficient
lighting technologies and daylight harvesting were employed. Smple approaches could save an
additiona 10%. In the best cases, the mgority of lighting load would be diminated.

The lighting design enhancement program would support and be enhanced by efforts to achieve
state-level adoption and enforcement of the lighting standards in the new ASHRAE 90.1-1999
standard. It would a so encourage efficiency beyond that tandard. In stateswherethe ASHRAE code
has not yet been adopted, an effective program could increase the odds of acceptance. In stateswhere
the code has been adopted, the program could enhance compliance and assure that complianceresults
inqudity lighting systems. In these states, the program could d so lay the groundwork for possiblefuture
code upgrades.

The program design capitaizes on efforts of pioneering utilitiesand regiond efficiency organizations
to develop specific tools to work with the design community. The centra structure of the program is
aseries of custom and prescriptive incentives, supported by a program of technicd assstance. The
proposed rebates are similar to thosein the retrofit accel eration program described above except that:

1. They are keyed to improvements beyond current practice and codes,

2. Thecustom rebate tekes alarger role; and

3. Rebate levels are based on a portion of the incrementa cost to exceed current practice and
codes, whereas the retrofit acceleration program bases rebates on a portion of full cost.

A specid track isrecommended for smaller and contractor-designed buildings. In these buildings,
lighting design tends to be smple and standardized. Contractors rardly anayze lighting system energy
use or light output. For these buildings, the program proposes lighting design guiddines that would be
used both to train contractors and to build demand for better lighting among owners, managers, and
renters. The guiddines would also create a template for distributors, manufacturers, and other
“contractor hdpers’ to specify efficient, high-quaity layouts. Marketing for the guideines should be
targeted at contractors and designers through their associations and through aliances with
manufacturers. Training should be held on the guiddines. A series of demondrations, funded in part
through the incentives discussed above, should be individually evauated, documented, and published,
and used as atool to help build acceptance of the guideines.
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Target Market

This program is targeted at new congtruction, renovation, and “hard remodels,” which involve
changing lighting layouts or fixtures.

The “custom design” track is targeted at large buildings where lighting systems are custom-
designed. Key targets would include architects, engineers, and lighting designers, including both
consultant designers and design professionas working within property development/management
organizetions. In-house professonds often exist within chains and owner/manager firms specidizingin
office and retall renta space. Early adopters have often included high-profile office and indtitutiona
spaces.

The “small and smple building design” track focuses on buildings where designs are typically
copied from gte to ste with little or no andyss. These include many industrid spaces, smdler and
rental office and retail space, and schools. Schools are something of ananomay in that they are often
designed with the help of an architect, but lighting designs are seldom changed from dteto Site. Thus,
the architects who specidize in this work may pay little attention to the lighting system, and may be
responsve to comparative tools and approach as the contractors who do not employ a design
professiond.

Efficiency Measures

A variety of desgn gpproaches should be employed, including:

« Himingionof over-lighting and moreefficient provison of lighting through fewer, higher-qudity
fixtures % fewer lamps, designing lighting to focus on areas of use, and better specification of
ballast factor.

« More gppropriate lighting fixtures for coves and coffers.

» Alternative gpproaches for accent lighting.

« Additiona applications of compact fluorescent lamps beyond those that are commonplace

today.
o Useof compact fluorescent lamps with dectronic balasts instead of magnetic ballasts.

D ThesecouldincludeT-5, T-8, IR hal ogen, and many other typesof lamps, within fixturesdesigned to take
advantage of the optical properties of each lamp.
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» Moreand better use of dimmers, especidly daylight-modulated dimmers, occupancy sensors,
and timers.

» Task lighting and indirect lighting to reduce required room lighting levels.

 Individud occupant controls over lighting (through addressable fixtures) — a promising new
innovation that may significantly reduce energy and pesk use.

» Congderation of specidized controls in peak-constrained areas in order to reduce ambient
lighting during extreme peak periods. Such controls may prove to be extremely profitable for
owners.

o For amdler buildings, especidly for remoddss, incentivesmay till bejudtified for T-8lampsand
electronic balasts. Current practices vary locally, but these markets appear to be among the
last to adopt these technologies.

Many of these mesasures involve higher-qudity fixtures, more diverse fixtures, and more controls
thanare commonly being used today. The payoff would be amore aestheticaly pleasing and functiona
gpace as well as lower energy use.

Program Strategies

Design enhancement is new to many program sponsors, but others have been working with the
design community for many years. Some sponsors are concerned that they should not “ second guess”
designers, essentidly taking over the task and liability for adequacy of lighting design. Leading utilities
have successfully developed design assistance and incentives that empowers designers by providing
them with more information, tools, time to design, and the ability to present efficient options to their
clientswith modest added cost and clear user benefits.

For lighting design improvements, market barriers are summarized in Table C-17.
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Table C-17. Market Barriersto Commercial and Industrial Lighting Efficiency through Design Enhancement

Market
Barrier

Most customers are unfamiliar with design approachesto lighting quality and efficiency.
Customers often do not know how much light they need, so they are conservative about
reducing lighting levels. They also often do not know that quality reflectors and fixtures
could improve light distribution.

Customers sometimes are not familiar with the connection between lighting quality and
occupant performance issues such as worker output, retail sales, and student
performance.

Many customers do not have unbiased sources of information and lack the time and
confidence to perform quality assurance on lighting design. It is particularly difficult for
them to know which designers have expertise in designing to specific levels of quality for
specific types of applications.

In construction projects, lighting is considered adetail. It needsto “work” and then key
personnel need to attend to other things.

Many customer organizations (small and large) have not assigned responsibility to an
individual to carry out efficiency measures. This hampers decisions and limits expertise.
“Quality lighting design” is not well-defined for designers, and especially for users. It
involves extensive aesthetics and judgement. This makesit harder for customersto
identify, desire, purchase, and verify quality designs.

Contracting processes are diverse, but generally tavor lower bids. Unless quality Isa
requirement in abid, quality proposals are risky.

Given limited devel oper interest and budgets, the conservative approach isto “design it

likel did last time.”

Smaller buildings are not designed — they are often copied from templates or prior
designs. The design process often consists of a counter-top or cell phone discussion
with the manufacturer’ s or distributor’ s representative.

Contractors may be trained to follow more complex strategies and layouts, but the
changes must be presented gradually, within the context of their existing practice.

Even for many larger structures, architects and engineers copy the last design that
passed muster, adjusting as necessary for codes or special needs. While skills are higher
than among small building contractors, the cultureis not oriented towards analysis or
efficiency.

Many designers regard efficiency as a*design constraint” more than adesign value.
They do not regard it as atool for enhancing their value or winning jobs.

In many organizations, financial managers do not regard efficiency as a source of revenue
or major savings; their attention is on maximizing revenue as a higher priority than cutting
costs. Energy costs are swamped by other factorsin purchasing decisions.

Efficiency improvements are often “value engineered” out of construction projectsto
assure that funds are focussed on more visible problems, critical code issues, etc.

In large organizations such as state and federal governments and multi-site corporations,
the corporate unit that pays for construction often is not the unit that pays energy bills,
and the two do not communicate effectively about management of costs.

Many developers provide a“build-out allowance” for lighting for tenants, which restricts
investment in quality lighting.

Some buildings are designed to be as tlexible as possible to meet the needs of tenants
who may change. Flexibility could lead to generic over-lighting if not carefully thought
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alues through.

While awareness should be the first program barrier addressed, the most crucia barrier will be
product definition. Lighting design is not a commodity like a bdlast. Lighting design is a package of
enhancements to selection, placement, and control of a wider variety of equipment than a lighting
contractor normaly considers. Good lighting design is more complex to ask for or offer, so it ismore
difficult to establish a market where the buyer understands what is being sold and can verify its
legitimacy. Even efficiency-oriented designers don't dways agree onthe “best” approach to a space.
As aconsequence, efficiency and quality would be considerations for a select group of eite designers
for dite buildings where the clients are looking for ways to digtinguish their building.

Detailed discussons with members of the lighting design community have reveded that energy
efficiency will never be a high priority for their work (Gordon, Tumidg, & Coakley 1995). Thus the
primary focus of thislighting design enhancement program is on enhancing the market position of “high
quality lighting” as avaued, sdable, and verifiable commodity.

There have been dgnificant efforts in recent years to address these barriers, ranging from
development and promotion of qudity/efficient lighting guiddinesfor contractors, morecomplex lighting
guiddines for high-end designers, lighting demondration and training facilities, contractor certification,
federal branding programs (ENERGY STAR), etc. At themoment, the profusion and lack of coordination
of these effort creates an additiond barrier to more interested devel opers, designers, and owners. The
proposed program triesto create a“tree’ to incorporate dl of these gppropriate experimentsin away
that is coherent to customers and managesble for program sponsors.

Technical Assistance

For buildings where designers are involved, the program should offer both direct technica
assistance and reimbursement to contractorsfor the extratime involved in efficient equipment andyss
and design.

For high-end buildings, technica assstance could be provided using the system currently employed
withminor variationsin severd of the more ambitious utility new construction programs (e.g, Nationd
Grid, NSTAR, Northeast Utilities, and Conectiv Power Delivery). These programs offer modest
compensation to designers for the added cost of considering efficient equipment, and dso offer the
services of “efficiency expert” contractors to work with designers.

For example, Conectiv Power Delivery of New Jersey (Conectiv) offers up to $2,000 to
compensate for analyss of a lighting system that results in a high-quality design, subject to severd
conditions to assure that the design exercise is effective and necessary. A contractor working for
Conectiv will dso asss with advice on lighting system design, indluding:
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» PFanreview and anayds of energy efficiency options

«  Wak-through audit of current facility

« Conaultation on salecting and specifying energy efficiency measures
» Basc desgn asssance (smdl new construction and/or remodeling)
» Basc measure/system/project andyss and recommendations

« Assgance with incentive applications and program compliance

Some customersrely more on Conectiv Power Ddlivery’ scontractor, and othersrely moreontheir
own designer, compensated in part by the utility. Conectiv aso offers higher incentives for efficient
design work involving multiple end-uses. Detalls are available at Conectiv’'s Web ste (Conectiv
2000b).

For smdler and smpler buildings, thereredly isn't much of an existing design processto influence.
Contractors typicdly take desgns from prior desgns or “templates” or work with suggestions
provided by the lighting distributor’s or manufacturer’s sdlesperson. There is little or no numerica
andyss The Design Lights Consortium (DL C), agroup of utilities and other conservation proponents
in the northeastern United States, has developed an initiative to directly address this market. Their
KnowHow seriesof lighting design guidelines (DL C 2000) arethe centerpiece of thiscampaign. These
guiddines are intended to help create excitement about quality efficient design among contractors and
their clients. The guidelines offer “good, better, and best” gpproaches to lighting design for ordinary
commercid paces. The “good’ levd is generdly not much more efficient than the recently passed
ASHRAE lighting standard but assures reasonable lighting quaity while meeting the sandard. “ Better”
and “best” standards incorporate progressively higher-qudity and more efficient lighting.

Thefird three guiddines (smal office, smdl retail, and school) are about ayear old and have been
used in severd training classes and several demondiration projects. Three case studies are available
(DLC 2000). They have generated significant excitement among both manufacturers and contractors.
They are currently being incorporated into code compliance training in Massachusetts. While
contractors seem to be using some of the information from training in the guideines, the extent of their
influenceisnot yet clear. An evauation is currently being planned. Also, additiona guiddinesarebeing
developed for indudtrid lighting and for skylighting in retail and industria buildings

The case studies are used to demonstrate how to apply the guidelines, and the case study process
isshowing someof the complications of marketing high-qudity lighting. Because thefocusison qudity,
the equipment recommended in the guidelines cost more than smple cheap fixturesthat could provide
effidency. However, the guiddines assure that the lighting levels meet user needs, and hopefully can
creste more of amarket demand for better lighting for ordinary buildings.

Based onvery early feedback, it could prove useful to have additiona informationd piecesto make
the guiddines attractive for purchase and leasing agents (i.e., a shorter “sdll” piece’) and to help
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contractors actudly lay out conforming lighting systems (i.e., case studies and manufacturer-provided
model layouts). However, the guiddines appear to offer the core for a potentialy effective gpproach
to “next wave’ lighting for smdler buildings. DLC is actively recruiting manufecturers as dlies and
encouraging them to develop conforming model layouts.

We recommend that sponsors who wishto promote good lighting in small buildingswork with the
DLC to access their guiddines and help them evolve. In addition, we recommend that sponsors offer
training workshopsin use of the guidelines, provide custom incentives (as described below) to help get
a number of buildings in the field that conform to the guiddines, and develop locd case dudies.
Additiondly, the sponsor’s technical assistance staff could help contractors through their first few
experiences in designing guiddine-conforming buildings.

Marketing

The long-range market strategy for this Lighting Quaity Enhancement program isto influencethe
market S0 that customers are motivated to purchase high-quaity efficient lighting for reasons of
appearance and functiondity, with reduced demand and energy use as a secondary condgderation.
However, in the short run, many sales could also be made based on energy savings re-enforced by
utility incentives. Neither the * quaity” nor the “energy savings’ approach would work everywhere.

Critical marketing targets would include:

» Dedgners(mostly architects, engineers, and professiond lighting designersfor larger and high-
end buildingsand schools, mostly contractorswith limited technica background for smaller and
low-priced buildings)

« Developers

» Purchasng, and rentd agents within customer organizations

»  Personnd who upgrade buildings for rent within property management firms

A keystone to marketing would be demondtrating that quality lighting helps meet developer
objectives, such as faster rentals and sdes, higher occupancy, higher rents, more satisfied and
productive occupants, higher retall sales volume, etc. A nationa consortium is working to develop
information on productivity benefits of efficient lighting (Light Right Consortium 2000). An influentia
set of sudies demondtrating productivity benefits of quality lighting in retail schools (better grades) and
retall buildings (better sdes) is available (Heschong, Wright, & Okura 2000; Okura, Heschong and
Wright 2000).

A more direct gpproach to showing non-energy benefits would be to conduct “impressions
research.” This would amount to encouraging personnel who make purchase and rental decisons to
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tour buildingsthat meet quality lighting standards and then through other buildingsthat are s milar except
that they do not meet those sandards. Theimpressions of red buyers and renta agents (assuming that
they prefer qudity lighting) would likely make a very direct impression on their peers.

Communications materias should be crafted for contractors, designers, engineers, developers,
rental agents, etc. For designers and contractors, professiona associationswould provide useful dlies
and leverage points for communication. However, sgnificant one-on-one in-person communication
would be necessary to help designers adapt new approaches.

With respect to the lighting guiddlines, DLC has developed a detailed marketing plan for 2000.
Traning, trade dly aliances, trade shows, and direct contact are among the approaches being applied.

Theretrofit accel eration program described above might al so provideamarketing avenue. Through
the custom retrofit incentives proposed for that program, there would be an opportunity to promote
advanced lighting designs. However, it is important that very ssimple approaches should dso be
avalable under that program to meet its primary purpose— capture of high-volume, near-term savings.

Financial Incentives

For both the “custom design” and “small and smple building design” tracks, a number of utilities
offer cash incentives to help defray the cost of more efficient lighting equipment in new buildings,
renovations, and remodels. These incentives typicaly pay a portion of the incremental cost of more
effident equipment. Treaditiondly, these incentive strategies have focussed smply on efficiency, and
incentives have been structured to sdl adequate lighting quality, not superior qudity.

Many of the “next wave’ lighting strategies require redesign of fixture layouts. Beyond a point,
reductioninlighting intengity ispossibleonly with higher-quaity componentsand new layoutsto provide
more-available and better-distributed light. In some cases, the components would be affordable only
if the customer considers the improved “look” of the space to be an asset that helps judtify the cost.

For these reasons, one-for-one equipment incentives, while vauable, would be secondary for this
program. The centerpiece of the incentive strategy is custom incentives, which would help pay for any
measures that the sponsor deems to be acceptable. Since much of the value would come from
intangible improvements to the “look” of the space, typica cost-effectiveness screening would not be
ussful; whilethe non-energy benefits have been demonstrated in research studies (as discussed below),
they would be too difficult to quantify on a Site basis. If these benefits weren’t considered, many
measures that would be appropriate would be diminated from programs.

Sponsorswould havean option of two Strategiestoward prescriptiveincentives. Firgt, someutilities
have tried to push asmany measuresinto prescriptive rebates aspossble. Thisisdonefor two reasons:
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« Minimize the delay and expense of a custom caculation for every dte.
« More clearly promote classes of efficient product for different types of common practice
fixtures.

Nationa Grid clearly fals into this camp. Its prescriptive rebates are downloadable in Adobe
Acrobat from their Web site (Nationa Grid 20008). Rebates are availablefor avariety of high-qudity
fixtures, LED exit lights, and controls. Payments are generdly established per unit of equipment.
Minimum watts per control unit are specified, as are acceptable power factor and harmonic distortion.
Incentives are designed to cover the maority but not al of the incrementa cost of hardware
dternatives.

Other utilities have chasen to rely more on custom incentives. Prescriptive rebates are used only
for cusomers who are unlikely to utilize the more complex cusom formet (i.e., smdl buildings and
specific industrid opportunities) or for measures where the watt/kW incentive does not work well (i.e,
controls).

This approach keeps the program materids relatively smple for the newcomer, and has less
tendency to drive designers toward specific solutions. For a smdl program sponsor, it is resource-
intensive to keep a diverse set of prescriptive incentives current.

Conectiv provides anexample of thisgpproach. Their incentives and conditionsare availablefrom
their Web site (Conectiv 20008). Prescriptive incentives are provided only for:

« T-8lampsand dectronic balasts in new buildings under 50 connected kW and remodels of
facilities under 100 kW ($10)

» Hardwired compact fluorescent lampsin the same classes of smaller buildings ($2.35-$18.25,
depending on the Size and type)

«  Occupancy sensors ($15/fixture, up to cost of sensor)

« Daylight dimming ($15/fixture up to cost of the sensor and contraller)

Based on experience working with Conectiv Power Ddlivery, we recommend a custom incentive
that pays $1/watt for reductionsin lighting use below established basdlines. The intention would beto
pay the mgority, but not dl, of the cogts of efficient equipment. It might not pay aslargeashare of the
cogts for the highest-qudity equipment, but the god isto sdll that equipment based on lighting quality
improvements as well as energy savings.

Either the prescriptive or the custom approach would work. We believe that the Nationa Grid
approach is superior for sponsors who would be willing to invest the time and expertise in kegping a
diverse set of rebates up-to-date and working with contractors to understand the various rebate
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options. However, the Conectiv system has worked well for it. The system has required that the
implementation contractor perform more site-by-site work, but the contractor has developed
streamlined procedures for doing this.

To esimate incremental cost for custom measures and establish lists of rebate measures, it would
be necessary to establish a design basdline. For sateswhere designisfairly advanced from an energy
gandpoint or wherethe ASHRAE 90.1-1999 standard (or smilar) has been implemented, thelighting
power dendties in that standard could provide a basdine. Where building codes have not been
upgraded in many years, or are not thoroughly enforced, the basdline could be somewhere between
the old ASHRAE code and the new ASHRAE code. For example, after reviewing recent building
designs, Conectiv eected to pay incentivesfor lighting designswith lighting power dengities 30% more
efficient than the older ASHRAE 90-1989.

Financing

For new condruction, we do not believe that direct utility financing is critical. The sort of financiad
referral service and close coordination with energy service companies described for the retrofit
acceleration program (described above) would sometimes be useful, especidly for remodel and
renovation projects.

Quality Control

Sponsors should provide quality control smilar to that for the retrofit acceleration program. They
should dso track incrementa costs of equipment in the market to assess whether incentives continue
to be appropriate or need modification.

For the case studies, sponsors should confirm that designs meet the guiddines. Individud sponsors
or DLC should review materia from manufacturersor othersthat portendsto conformto theguiddines.
As of this writing, the DLC is trying to forge dliances with market actors, which should help in this
regard.

Relationship of Program Strategies to Market Barriers

These are summarized in Table C-18.

Table C-18. Market Barriers and Intervention Strategies for Commercial and Industrial Lighting Design
Enhancement Program

Market Barrier Intervention Strategy
Customer Accessto |+  Utility staff and contractor technical assistance
Information *  Marketing and educational materialsfor customers to help them understand the
benefits
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e Marketing through contractors

¢ Technical studieswhere needed

Customer Internal - Utility/sponsor quality control

| ssues « Design guidelinesfor contractor-designed jobs

e Prescriptive equipment recommendations

«  Demonstration of how to build quality specificationsinto lighting bids and what
to expect from contractors

Product Definition |+ Establishment of baseline practices

e Clear branding (through guidelines) to help customers and devel opers focus

e Training and technical assistance

« Design guidelines for contractor-designed jobs

o Case studiesto show designersthat lighting efficiency and quality are compatible

[Trade Ally Issues < Crealion of demand for lighting quality so firmswant to learn how to provide it

«  Simplified, guideline-driven approach for smaller buildings; technical assistance
for custom jobs

« Assistance for smaller contractorsin advancing astep at atime.

Financia Barriers « Incentivesfor efficient designs

e Casestudies showing financial benefits, both energy and non-energy. Focus on
sales and |leasing benefits for devel opers and property managers.

« Direct work with government entities to develop channels for funding efficiency

Design Values » Casestudies of flexible designs that meet needs of rental properties

Key Indicators of Success
Theindicators of success for lighting design enhancement programs would include the following:

» Interest in the guidelines among businesses and contractors (an early indicator)

e Increased broad interest in quadity design

e Peak and energy savings

»  Support by professiona groups (another early indicator)

» Attendance at training sessions (a second-stage indicator)

« The square footage of target market that is built/remodded using lighting guiddines (for the
third year and beyond)

« The extent to which contractors and others rely on lighting guidelines (throughout the project)

« Theextent of customer satisfaction and demongtrated non-energy benefits from the use of the
lighting guidelines in pilot projects (once case studies are in place)

« Theextent to which the lighting design community supports and implements incorporating the
lighting standards in the new ASHRAE code into loca and state codes

In addition to these market indicators, it would be prudent to conduct some evauation, including
use of metered data, for maturing technologies and those where savings would be sengtiveto design,
ingalation, and operation (e.g., controls, particularly daylighting).
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Cost and Benefits
Savings

Savings would be highly dependent on basdline practices. The previoudy cited study of basdine
lighting practices in New Jersey (Sardinsky 2000) developed rough estimates of potentia additiona
savings by building types asfollows:

* Reall: 5-25% (sample of 13)

» Offices 5-30% (sample of 9)

o  Warehouse: 40% (sample of 1)

« Schools: 10-25% (sample of 2)

» Nurang homes: 15-30% (sample of 4)
« Lodging: 10-20% (sample of 1)

« Hogspitas: 25-35% (sample of 2)

Sgnificantly, most of these buildings had aready incorporated “basic” efficiency messures such as
T-8 lamps, dectronic bdlasts, and compact fluorescent lamps. The variation within building type
reflects both building-to-building variation and some uncertainty regarding the estimates. While this
andysis addressed energy savings, most of the savings were from measures with proportiond energy
and peak effects.

Lighting energy savings aso produce cooling energy savings, which vary depending on loca
climate. As discussed above in the discusson on the lighting retrofit acceleration program, these
interactions vary by climate and building type and Lawrence Berkeley Nationd Laboratory developed
factors to adjust for these interactions by region and building type.

Other Benefits

Customer benefits were introduced under “Marketing,” above.
One additiona benefit of acceptance of high-qudity lighting from a utility perspectiveis a higher
likelihood that lighting market actorswould not resi st passage or implementation of an advanced lighting
code such as one based on the recently passed ASHRAE standard.

From the point of view of contractors, high-quality lighting provides a way to differentiate

themsdvesin the market, and a way to sdll higher-priced quality equipment This generaly provides
higher gross profit. Manufacturers would aso benefit by sdlling high-qudity, higher-cost equipment.
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Cost

Costs for additiond lighting design depend strongly on the approach. The DLC approach (for
smdler and smpler buildings) isamarket transformation approach, and assumesthat the quality of the
lighting would help sdll higher levels of efficiency. Therefore, the capita cost of conformingtothe DLC
approachisrdatively expensive, but not al the costsareattributabl e to efficiency. We expect that costs
will decrease as standardized approaches evolve for conforming to the guidelines and high-qudity
equipment costs drop due to volume and competitive pressures. An example is provided by pendant
indirect fixtures. One manufacturer decided to create amid-priced linefor these previoudy “ high-end”
fixtures. Now severd manufacturers offer mid-priced linesa sgnificantly lower cost than those of two
years ago (Sardinsky 2000).

For larger, more complex buildings, utilitiessuch asNationa Grid and Northeast Utilitieshave been
able to pay incentives at alower cost/kWh than their avoided costs of energy and pesk power. Savings
and cogts for Nationa Grid's Design 2000 program for new construction and equipment replacement
are shown below in Table C-19 (National Grid 2000a).

Table C-19. Savingsand Costsfor National Grid’s Design 2000 Program
Prescriptive Lighting Custom Lighting* Combined
Peak MW
MW years

Annual gWh
LifetimegWh

Cost/kw-year/kW**
Cost/lifetime kW= *
Cost/lifetime kWh**

*Includes lighting controls.
** | ncludes non-lighting measures

Because these figuresincorporate more expens ve measures from non-lighting end-uses, the costs
for lighting are likely draméticaly overdated. It is dso important to bear in mind that higtoricdly, the
cost for the new technologies in the program (e.g., eectronic ballasts ) have come down over time as
they became commodities. Thisislikely to occur for the technologies currently being promoted.

There are ds0 cogts to running the training, developing the guiddines, etc. as DLC is doing as of
this writing. Those costs have run around $900,000 for the Design Lights Consortium asawhole over
the past 2 years. Thisamount was spread among six retall utilitiesto begin with (currently nine) and one
state conservation entity. The amount includes about $200,000 for demonstrations, which provide
savings but are more expengve per kWh than ordinary program activity becausethey are designed as
showcases and are o learning sites for the program (Dagher 2000).

m
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Measure Life
See retrofit acceleration program description above.
Possible Market Penetration Rate

While there are huge variations, lighting fixtures are on average replaced every 21 years (Skumatz
1994). In an areawith a4% growth rate, the potentia market would be 41% of the lighting equipment
stock in place at the end of the 5th year.?

Possible rates for penetration into thistarget siock are shown in Table C-20. The long-term rate
is based on participation rates in five of the most successful commercia new congiruction programs
(Naddl, Pye, & Jordan 1994).

Table C-20. Penetration of Lighting Design Enhancement Program
Year 1 1%*
Year 2 10%
Year 3 20%

Year 4 40%
Year 5 50%
*Largely for devel oping administrative system and relationships, training, and case studies.

2L (1.04(fifth power)-1) + (1/21x5)/1.04(fifth power) = 41%.
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