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Preface

Each year in the graduate course on "Economic Dispatch and Control of
Integrated Power Systems," the students prepare a term project which isassembled into
areport. Thisyear, the assigned topic relates to demand side management. Thistopic
appearsto beespecially timely and, becauseit relates to the revenue derived by the
electric utility.

The term demand side management (DSM) refersto modificationdf power
system demand by some meansin order to obtain better load factor characteristics. The
study of DSM has many unresolved issues- many stem from thefact that theelectric
utility industry isregulated, costsare often difficult to assign to the sector that causes
those costs, and governmental regulations are not always consistent with physical laws.
Most power engineersfeel that DSV has the potential of substantial industry-wide
savings. Hopefully somed these points come through in the student presentations.

G. T. Heydt
May, 1994
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Chapter |
Compact Fluorescent Lighting

Alan C. Mok

1.1 Introduction

Over the last decade, electric utilities have become more concerned with meeting
increasing requirements for new generating capacity. However, environmental opposition
has made expansion in generation and transmission capacities extremely difficult. As the
utilities are trying to minimize the environmental impact and other indirect costs associated
with electricity supply, measuresto promote electricity end-use efficiency are advocated as
a cost-effective means to reduce the growth of electricity demand. The term demand side
management (DSM) is commonly used to refer to the programs employed by electric
utilities that am to reduce the energy demanded. Although this reduces the revenues for
the utility, the utility saves more money because of the avoided additional generation and
transmission requirements.

In 1991, more than 2,300 DSM programs were implemented in residential,
commercial, and industria sectors. DSM spending cut U.S. summer peak demand by
26,700 MW (4.8 percent) and cut annual electricity use by 23,300 GWh (0.9 percent of
the retail sales) [6]. About one-third of DSM programs are related to the use of energy-
efficient lighting. Utilities promote the use of compact fluorescent lamps (CFLS) to their
customers because CFLs use one-third to one-forth of the energy needed to produce the
same output as incandescent lamps. Also, CFLslast up to 10 times longer.[4].

CFL technology was first introduced in the early 1980s. By the mid-1980's the
market had expanded primarily due to the increase in retrofit of the incandescent lamp
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sales. This is mainly due to the fact that consumers were more aware of the benefits of CF
lamps because of promotion by utility companies. Between 1988 and 1990, the U.S.
shipment of CFLs amost doubled. It isforecasted that the demand for CFLs will increase
by 280% between 1991 and 1995 [6]. From these figures, CFL obviously plays a major
rolein DSM in the electric utility industry.

In this paper, the basic theory of CFLSs, their classification scheme, and the types of
ballast are first described. Next, the attributes and the applications of CFL are presented,
followed by the lighting programs offered by utilities in residential, commercial, and
industrial sectors. Finally, the CFL market in the U.S.is briefly discussed

1.2 Fluorescent lamps

1.2.1 Basic theory of light generation by fluorescent lamps

Fluorescent lamps are examples of low-pressure gaseous discharge lamps.
Electrical current passes through the electrodes, which are wire-wound high-resistance
coils, and heats up the electrodes. Electrons are emitted from the electrodes and
bombarded with the mercury atoms inside the discharge tube. This collision results in
generation of heat, which subsequently excites the electrons of the mercury atoms to a
higher energy level state. Due to the electrostatic force generated by the mercury atom,
the excited electrons return to their normal energy states. The energy gained by this
returning electron will be released as a form of electromagnetic radiation. This form of
energy isconverted into visible light spectrum by means of the fluorescent powder coating
inside of the discharge tube [7].

1.2.2 Critical factors determining the illumination

The critical factors that determine the light output of the fluorescent lamp are
mercury vapor pressure, auxiliary gas, current density, and the discharge tube dimensions

[7].
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1.2.2.1 Mercury vapor pressure

Figure 1.1 shows the luminous efficacy versus the mercury vapor pressure. The
term luminous efficacy is defined as the light intensity in lumens per watt input. The gas
pressure increases as the temperature rises by the gas pressure law. As the temperature
increases, the probability that an electron will excite a mercury atom increases. The result
is an increase in light illumination level. The higher is the temperature, the higher the
probability the mercury atoms get excited. Therefore, the stronger the light intensity is .
Above a certain vapor pressure, the light intensity decreases due to the self-absorption of
the radiation [7].

Figure 1.1 Luminous Efficacy Versus Mercury Vapor Pressure

Luminous Efficacy

N

I Mercury Vapor
Pressure

1.2.2.2 Auxiliary gas

Auxiliary gas is crucia in lamp starting. Figure 1.2 shows the luminous efficacy
versus the auxiliary gas pressure. Without the presence of auxiliary gas, the mean free path
(mean distance covered by free electrons after two collisions) of the free electrons is too
great to excite the mercury vapor atom. The auxiliary gas, usually krypton, is added into
the discharge tube to reduce the mean free path length. As auxiliary gas pressure
increases, the eastic collisions between the free electrons and auxiliary gas increases.
These collisions absorb some of the excitation energy of the mercury atom and thereby
decreasethe illumination [7].
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Figure 1.2 Luminous Efficacy Versus Auxiliary Gas Pressure
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[.2.2.3 Current density

As the current input to the electrodes increases, more free electrons are released
from the electrodes. As a result, more mercury atoms get excited, the temperature goes
up, and an increase in illumination level occurs. The term current density iis used since the
tube wall dimensions are fixed. Therefore, a higher current means higher current density

[7].
1.2.2.4 Discharge tube dimensions

The length of the discharge tube dictates the lamp power. Lamp power is a
function of lamp current and voltage. The lamp voltage consists of anode, cathode, and
arc voltages. The arc voltage is the voltage across the discharge column between the
electrodes. Since the anode and cathode voltages are constant, if the lamp current does
not change there must be a proportionate increase in arc voltage with increasing tube
length. Luminous efficacy also increases with lamp length because the electrode losses
become lower in proportion to the total lamp power [7].
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1.3  Compact fluorescent lamps
I.3.1 Classfication scheme of CFLs

Figure 1.3 illustrates the compact fluorescent lamp. The lamp conssts of two
pardle discharge tubes connected by a narrow bridge near the end away from the
electrodes. The overall lamp length is thus reduced by haf. This design is cdled the"twin™
configuration. For a 5 to 13 watt CFL, the approximate length is 4" to 6.5” as compared
to 7" for an incandescent lamp.

Figure1.3 Compact Fluorescent Lamp
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Another design, known as the "quad” configuration, involves decreasing the tube

length once more by "*folding™ each tube. Thisis more compact than the comparable twin
tubesand deliversalmost twice as much power.

As with the different configurationsfor CFLs, the diameter of the: tube size can be
varied. The two common diameter szes are T-4 and T-5. The "T" means tube
configuration. The number stands for lamp diameter in eighths of an inch. For example, a
T-4 twin-configured CFL has a tube diameter is 4/8 of an inch. Table I.1 summarize the
classfication scheme.




Tablel .1 CFL classfication scheme

Configuration | Classification | Lamp Wattage Length
Twin T4/TS 5-13 4.5-7

| Quad T4 9-26 4.5-8

[3.3 Badlast

The main function of the ballast isto create a high initid voltage *taonize the gas
in the lamp and then to limit the current through the gas after the lamp has started. Ballasts
are availablein internal and external configuration. The interna configuration is known as
integral ballast, meaning that al the componentsof the balast are included in the lamp and
are usuadly located in the base of the lamp. Externa configured ballast is caled adapter
ballast, and is separated from the lamp. Since the adapter balast usudly lasts longer than
the lamp, replacement of the lamp will be cheaper than the CFL with integrdl ballast.
There are two main kinds of ballast available for the lamps. electromagnetic and
electronic.

[.3.3.1 Electromagneticbalast
A schematic diagram of an electromagnetic ballast is presented in Figure 1.4.

Figurel.4 ElectromagneticBallast

7
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Electromagnetic balast consist of a wire-wound high-resistance coil used to limit
the current drawn by the lamp. When the CFL is connect to a voltage source, current
flowsthrough the electrodes and the switch. When the switch is open, the magnetic field
built up in the ballast coil causesa voltage pesk between the el ectrodes, sufficient to ionize
the mercury atoms and start the lamp. Advantagesin using this kind of balast include low
cost and a fast starting time for the lamp. Disadvantages are: (1) this type of balast
consumes 15-20% of rate lamp wattage due to the high-resistance coil, (2) it is bulky and
very heavy, and (3) it islow in power factor.

1.3.3.2 Electronic ballast
Figurel.5 showsatypica configuration of an electronic ballast.

Figurel.5 Typical Schematic Diagram of Electronic Ballast

e U

J( 10D IN900% < s 4
! b 1 220
p2oe W:m R? 824
13
et T 1

120 ¥ 1wy 22 330ut +] —b R AL
r 0.7 T e 1M4000

0 My AT
T O 7230 220
194004 .
1144004 00 s _
H A N

Tocoidior Ttww  THOWM Fhaorescent Tube

- FRer Copocd i ¢ Iroeries tomp
T (Low-Poss) TiRar Roclsier o Coneclar ok Crequeney ¥

The AC line voltage isfirst converted into a DC voltage using a full-wave bridge
rectifier and a filter capacitor. An inverter then converts the DC voltage into the high-
frequency (typically from 25 to 50kHz) AC voltage which supplies to the lamp.
Advantages of this scheme includelight weight, decreased hum, and increased efficacy and
lamp life when compared to the use of an electromagnetic ballast. The main disadvantage
of thistype of balast isthat it ¢reates high current harmonic distortion

I4  Attributes of compact fluorescent and incandescent lamps

[4.1 Characteristics

The characteristics of different kindsof CFLs are shown in Table 1.2[4].
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Tablel.2 Characteristics of different CFLs

Lamp Type | Ballast Type | Lamp Efficacy | Lamp Life Overal
Wattage Length

Incandescent | none 25-150 8-20 750-2,000 <7

T-4 Twin magnetic 5-13 25-50 10,000 4-7.5”

Tube

T-4 Quad magnetic 9-26 35-55 10,000 45-8"

Tube

T-5 Twin magnetic 152 45-50 9,000 6-9"

Tube electronic 7-27 55-65 9,000-10,000 | 5-8”

Circline magnetic 20-40 35-60 12,000 6.5-16"

electronic 22-30 80-85 9,000

1 Lamp life in hours, based on 3 hoursper gart

2 Includesballast wattage

[.42 Advantagesin using CFLs

The advantages of using these lights can be summarized asfollows:

e They have efficacy 3-4 times higher than that of the incandescent lamp.
e They typicaly have 8-10 timeslonger rated life than the incandescent lamp.

e They produce light with excellent color rendering, smilar to that of incandescent

lamps

e Reduced Cooling Load -- CFLs reduce lighting load and thereby reduce air-
conditioning load. Estimated savings from reduced cooling requirement is 10-30%.

e Cost Savings -- Although the initid investment for the lamp is higher than the
incandescent lamp, the money saved through reduced energy use and fewer lamp

replacements can quickly return the initia investment.

143

Disadvantages in using CFLs

The main disadvantages of using CFLs are asfollows:
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e Low power factor

Due to the inductive nature of the ballast, most CFLs have poor lagging power factor,
which typically rangefrom 0.45t0 0.65(1].

e Dependency on ambient temperature

The efficacy of the CFL depends on the ambient temperature. When the ambient
temperature is low, the mercury vapor pressure is low by the gas pressure law. This
causes a decrease in light efficacy. Excessively low ambient temperature (below 0
Cldsus) can reduce the total output by 10-20 percent [4]. Also, this form of lighting
may not be able to start when the ambient temperature drops below 2 C.

e High current harmonic distortion

CFLs with electronic ballasts have high current total harmonic distortion (THD) due to
the inverter in the ballast. CFLs with magnetic ballasts does not have: as high a THD
but has less efficacy and versatility than the CFLs with electronic ballasts[5].

Table 1.3illustrates the power factor and current harmonic distortions of the CFLs
and the incandescent lamps [2].

Table 1.3 Power Factor/Harmonic Distortions of CFL and Incandescent Lamps

Incandescent | CFL (60Hz) CFL (High Freq)
Power (W) 100 7 15 20 11 15 20
Current (A) 0.85 0.16 | 0.40 {033 | 0.13 | 0.18 | 0.23
Ballast - M |M |[M |E E E
PF 1.00 0.47 | 0.41 | 0.51 | 0.67 | 0.65 | 0.64
Eff (LM/W) 17.20 34 |28 [51 [57 |65 |59
Harmonics (%)
3rd 2.9 81 |178 124 794 |81.3 |64.5
5th 2.0 23 |19 |23 |485[508 351
7th 1.1 1.1 |13 |22 [184 206|408
9th 0.4 06 (02 |[1.1 |13.5]162]35.1
THD 3.7 81 | 18.0 125|100 [ 106 |98

E - ElectronicBallast
M - Electro-magnetic Ballast
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15 Applications of CFL

Due to the poor luminous efficacy performance of CFL in cold temperatures,
outdoor applications of CFLs are few. Also, They might not be suitable for ceilings higher
than 12 feet. Table 1.4 summarizes applications of different kinds of CFLs[4].

Table1.4 Applicationsof CFLs

Down- | Surface | Pendant 2’x2’ Sconces | Exit/ Flood-
lights Lights | Fixtures | Fixtures Step lights
Incandescent + + + - + + +
T-4 + + i + + +
Twin Tube
T-4 + + + . + _ _
Quad-Tube )
T-5 - + . ++ +
Twin Tube .
Integral T - T - - - -
Ballast Lamp
Circline - T T + - -
Reflector Unit ++ - + - - +
++ Uniquely superior lamp choice
+ Suitablelamp choice

Unsuitablelamp choice

15  Residentia, commercial, and industrial lighting program offered by utilities

Lighting programs in the U.S. for commercial and industrial customers used by
utilitiesto promote CFLs can be grouped into 5 categories [3]:

e Information programs
This involves mailing brochures that educate customers about the benefit of using
energy-efficient lighting. Another approach is to provide a lighting audit in which a
utility conducts a walk-through survey of afacility and provides a list of recommended
lighting improvements to the customer [3].




Rebate programs

These programs offer CFLs to their customers free or at low cost. In addition, many
utilities also try to encourage participation through personal contacts with lighting
dealers and larger customers. The most common form of rebate is through direct mail
offers[8].

Direct installation programs

In general, utilities will do a lighting audit to determine the lighting efficiency
measures. Then, utilities pay for al or most of the cost of the lighting equipment and
its installation. These programs are usualy aimed at small commercial and industrial
customers (peak demand of less that 50kW to 100kW), as they are less likely to
participate in the rebate-type program [3].

Loan and leasing programs

A few utilities offer this type of program for commercial and industrial customers. In
this program, utilities finance customer conservation investments at interest rate
ranging from 0% up to the utility's cost of capital (12%) [9]. Some utilities, such as
Florida Power and Light, offer customers a leasing program. In this scheme, utilities
lease the energy efficient lighting to the customers. The incentive is that the customer
needs to use a minimum amount of energy per day so that the savingsfrom the lighting
isgreater than the lease payment [9].

New construction programs

In these programs, utilities usualy offer comprehensive training and technical
assistance, free computer simulations, financial incentives for additional design time
undertaken by the project design team, and post-construction building services. Most
of these programs offer rebates up to the full incremental cost of efficiency measures.
Example of these programs include the Bonneville Power Adminstration’s Energy
Edge Program. This program reduces the energy use of participating office buildings
by 33% compared to prevailing local construction practices. An estimated of 34% of
these savings were due to lighting measures [9].
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In the residential sector, utilities emphasize CFLs because of the large savings and
their long life. General programs to promote energy efficient lighting programs are
categorized asfollows:

e Rebate and coupon programs
This program is widely used by utilities to promote CFL. In this program, customers
receive rebates and coupons to offset the high cost of CFL. A representative example
is PSI Energy giving away the light bulbs and rebate coupons to its residential
customers. A total of morethan 7,000 lamps have been given away [8] .

e Mail Order and Charity Sales
Mail order programs bypass thetraditional retailers and make CFL directly availableto
the customers at a lower cost. Usualy, utilities buy the lights in bulk quantity at
substantial discounts. Then, they offer the lights to the customers at the price they
paid. One of the most successful programs of this typeis run by Wisconsin Electric. In
one year, 7% of the utility's residential customers purchased the bulb [8].

e Direct Installation Programs
These programs provide customers with CFL plus assistance with installation. They
are usualy implemented in conjunction with other conservation programs. For
example, free CFLs are given out to the customers during energy audits. Since the
utility workers are at home sites, the incremental cost for these kind of program is
relatively low [8].

e Leasing programs
‘These programs are currently offered by the cities of Taunton, MA and Burlington,
'VT. As with commercia and industrial customers, lighting is leased to residential
customers. As long as the customers use the lamps at least 1.5 hours each day, the
energy savings will offset the lease payment [9].

e New Construction Programs
‘These programs primarily target improvements to building lightings, heating, and
cooling systems, and the installation of the fluorescent fixtures in homes. For example,
utilities in Massachusetts offer $25 for hard-wire fluorescent fixtures [9].
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Tables1.5 and 1.6 show the participation level of each program, the general cost of
the program in dollars per kWh, and the associated reduction in electric use for
commercial, industrial sector, and residential sectors, respectively.

Table1.5 Comparison of participation level, cost and reduction
in energy used for commerical and industrial customers

Programs Commercial /Industrial Customers

Participation Level Cost ($/kWh) Reduction in
Electric Use (%)

Informational Low (<3%) NA NA

Rebate Medium (1-10%)  10.02 6-7

Direct Installation High (> 15%) 0.012-0.048 10-23

Loan/Leasing Low (1-2%) 0.029 7-9

New Construction | Low (2-3%) 0.027 34

Table1.6 Comparison of participation level, cost and reduction
in energy used by residential customers

Programs Residential Customers
Participation Level Cost ($/kWh) Reduction in
Electric Use (%)

Rebate/Coupons Low (3-5%) 0.037 6-7

Mail Order Medium (7%) 0.02 6-7

Direct Installation High (40-60%) 0.04 7-10
Loan/Leasing L ow (5%) 0.025 3-5

New Construction | NA NA NA
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1.6 The CFL market

The CFL market has been expanding exponentialy since the 1980's due to the

following reasons:

(1) The generad public is more aware of the energy savings due to the promotional
programsof utilities.

(2) Utilities are vigoroudy promoting energy efficient lighting such as CFLs to curb down
the eectricity demand.

(3) More CFLs are availablein retail storesthan in the past and the cost is $5-$10 less per
bulb than in the past.

Table 1.7 shows the estimated total number of CFLs sold in the U.S from 1988 to 1995
[6]. Please notethat the figuresfor 1994 and 1995 are projections.

Tablel.7 Estimated total number of CFL sold each year in US

Year 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995
# CFLs(mil) [9.8 | 11.6 [ 16.7 | 25.2 | 35.6 [ 47.0 | 58.8 | 71.8

Table 1.8 shows the shipment of power-factor corrected ballasts in thousands history and
projection [6]. Thefiguresfor 1994 and 1995 are projections.

Tablel.8 US Shipment of ballast from 1988 - 1995

Ballast Type | 1988 1989 1990 1991 1992 1993 1994 1995

Magnetic 56,280 | 58,070 | 55,675 | 53,000 | 53,700 | 53,200 | 48,500 | 43,100

Electronic 1,220 11550 |307/0 |6390 |9100 |13,900 | 19,100 | 27,980

Total 57,500 | 59,600 | 58,745 | 59,390 | 62,800 | 67,200 | 67,610 | 71,080
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CFLsare availablein avariety of shapesand sizes. T4 and T5 twin and quad tubes
are among the most common lights available in the market. They have greater efficacy,
longer life, better color rendering, and better cost savings than incandescent lamps.
Because of these characteristics, utilities have been promoting the uss of CFLs as a
lighting alternative in their DSM programs. Up to this date, there are more than 2300
DSM programs found in the US. About one-third promote energy-efficient lighting. US
shipment of CFL s and ballasts has increased on the average of 10% each year since 1988.

Despite the attractive characteristics of CFLs, there are three main disadvantages
of using them: (1) poor power factor, (2) high current harmonic distortions, and (3)
ambient temperature dependency. The first two disadvantages have brought up some
power quality issues in the distribution network. The last one makes CFLs unsuitable for
outdoor use in cold temperatures. Nevertheless, the use of CFLs are expected continue to
rise in the future.




[7]
[8]
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CHAPTER II
THERMAL STORAGE TECHNIQUES
LING CHUNG

I1I.1  Introduction

There are two kinds of thermal storage, one is heat storage and the
other is cold (ice) storage. The main game here is to reduce the peak load

despite the overall energy consumes may increases.

All thermal storage devices contain certain energy-abosrbing materials
that are capable of producing some form of phase change, usualy a
freezing/melting or solid/liquid phase transformation. In these instances the
energy is said to be store as latent heat, and the material itself is so called
phase-change materials, or PCM. Since a thermal storage device may have its
special application, selecting a proper PCM is the most important part in
designing the device. The properties of some PCMs are discussed in the

section 2.

Section 3 introduces some of heat batteries in the market. Section 4

discusses the usage of nature resources such as long term seasonal storage and

geothermal energy. A summary is given in section 5.

V.2 Phase-Change Materials

There are several hundreds of PCMs that are technically identified.

They can be grouped into organic and inorganic. Paraffin wax is the only
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organic now used to an appreciable extent. Usually, inorganic PCMs are salt
hydrates. Most commercial development has been on residential heating or
cooling applications for salt hydrates. A perfect PCM should have the

following properties:

* High heat capacity,

* Good heat transfer properties,

* Desirable fusion temperature point,

* Stable during heat cycling (would not decompose),
* No harmful to the environment,

* No corrosion to the piping,

* Low cost.
I1.2.1 Organics

Organic PCMs suffer by comparison with inorganic salt hydrates by
having poorer heat transfer properties, lower density, and greater fire hazard.
In general, they are more costly than inorganics. Therefore, an inorganic PCM
is usually selected for a given application, unless no suitable candidate is
available. Paraffin wax is the most successful organic PCM used in commercial
solar applications since no suitable salt hydrate PCMs that melt in the 35 to
50°C range.

Other oraganics have been suggested for PCM use, for instant, fatty
acids. Like paraffin, fatty acids depend on the heat of crystalliization of linear,
saturated hydrocarbon chain. Both fatty acids and paraffin wax are available
commercially in bulk as mixtures of compounds. However, fatty acids have not

found application in heat storage.

I1.2.2 Salt Hydrates
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The Salt hydrate PCMs now available commercially or asdevelopmental
products offer a selection of melting points from 7 to 117°C. It is possible to
choose a material that matches well the desired operating temperatures of
most heating or cooling systems. They offer good heats of fusion and heat
transfer properties are generally good, though some suffer in this respect by
being thickened and gelled to reduce segregation.

The best way to study a PCM is to look at its phase diagram. Figure
I1.2.2.1 and Table I1.2.2.1 show the phase diagram and the thermalphysical
properties of one of the most popular congruent-melting PCM, calcium
chloride hexahydrate (CaCl,6H,0). This inexpensive PCM has been widely
used in thermal storage applications.
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Figure I1.2.2.1. Phase diagram of calcium chloride and water. [1]
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TableIl.2.2.1
Thermal physical properties of commercial CaCl;6H,0 PCM

Metric S1 English
Méelting point 29.6°C 302.8K 85.3°F
Boiling point 132°C 405 K 270°F
Heat of fusion 45.6 cal/g 190.8 ki/kg 82.1 BTU/b
Heat of solution in water 17.2 calig 72.0 K/kg 31.0 BTU/b
Heat of formation (25°C) -623.0 kcal/mol = 2.6079 MIJ/mol - 2472 BTU/mol
Specific heat
Liquid. 48°C(1 18°F) 0.502 calrg°C 2.10 kg K 0.502 BTU/Ib°F
Solid, 16°C(61°F) 0.340 calig°C 142 Wikg K 0.340 BTU/bF
Thermal conductivity
Liquid, 39°C(102°F) 1.29 x 1072 calicm sec°C 0.540 W/m K 0.312 BTU/r ft°F
Solid, 23°C(73°F) 2.60 x 1072 caliem sec°C 1.088 Wim K 0.529 BTU/r ft°F

Density

Liquid. 32°C(90°F) 1.562 g/cm? 1562 x 10 kg/m’ 97.5 Ivft*

Solid, 24°C(75°F) 1.802 gfem? 1.802 x 10’ kgm? 112.5 If?
Vapor pressure (29°C 7 mmHg 933 Pa 0.14 1b/in?
Surface tension (25°C) 103 dynefcm 0.103 Kg/sec? 7.02 x 107 Ib/fe
Viscosity (50°C) 11.80 cps 0.0118 Kg/mvsec 28.6 Ib/fuhr
Molecular weight 219.0784 g/mol 219.0784 g/mol 0.4829852 1bmol
Percent sait 50.66 wt%

Percent waler 49.34 w1%

The available salt hydrate PCMs display a vapor pressure, due to their
water content, and higher the temperature, the greater the pressure. They al
should be used in sealed containers which have low water vapor transmission
rates. Besides, salt hydrates have high densities, but undergo a volume change

on freezing.

Supercooling is a problem for the salt hydrate PCMs, and nucleators are
needed. Each PCM has its own favorable additive. Some of the additives may

be toxic, but they are still acceptable due to the tiny amounts used.

Figure 11.2.2.2 and Table 11.2.2.2 give a list of some commercial
available salt hydrate PCMs. In general, if a congruent-melting or eutectic
PCM is available in the right temperature range, it should be chosen, rather
than a semicongruent or incongurent material. There may be exceptions,

however, due to cost or toxicity, for example. Lackiing a suitable
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nonsegregating PCM, a stabilized noncongurent candidate may be picked.
There are three stabilization techniques appear to be proven so far: mechanical
agitation, microencapsulation, and gellation. Not al these have proven out for
every PCM, and the system designer should demand proof of stability in actual
working devices.
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Figure 11.2.2.2. Principal salt hydrate PCM candidates. [1]




TableIl.2.2.2
Some commercial available salt hydrate PCMs

Melting

Phase change material Type point (°C} Source
MgCl-6H.0 Quasi-congruent 117 Dow*
Mg(NO,)6H,0 Congruent 89 Dow*
Na,P.0.-10H,0 Incongruent " 70 Calor
NaOAc-3H.O Incongruent S8 Calor
MgCl-6H.O/Mg(NO.)6H.0 Eutectic 58 Dow*
Paraffin wax Congruent 50 Various
Na,$,0,-5H.0 Semicongruent 48 Allied. Calor
Neopenty!| glycol Congruent 43 Eastman®
CaBr6H.O Congruent 34 Dow*
Na.SO, 10H.0 Incongruent 32 Calor.* various
CaCl:6H.0 Semicongruent 28 Sotvay”
CaCl.-6H.0 Congruent 7 Dow"
PE glycol Congruent 23 Various
Na,$0,:10H.0/NaCl Incongruent 18 Calor.* various
CaBr,-6H.0/CaCl.-6H.0 Isomorphous 15 Dow-
Na,SO,-10H.,0/KCIYNH,CI Incongruent 8 Calor

Marketed specificaily for thermal energy storage

Each of the stabilization techniques carries with it a penalty. Thickening
and gelling additives reduce the heat of fusion and add to the cost, as do
encapsulant materials. Mechanical equipment adds to the expense complexity,

and requires power to operate.

II.3 Storage Systems

A storage device usually contains a PCM container, pumps, controls,
valves, a heat exchanger, a heater or a cooler. The PCM is charged during
off-peak period or by some waste heat such as the ejected heat of a cloth dryer
and then discharged during the peak period. Some of the devices work with




the solar energy systems in order save more charging fee. The main issues

concerned by a system designer are:

1. Size of the systems should be just big enough to fit the peak period,

otherwise, it is waste of money.

2. Good insulation is required to improve the system efficiency and reduce

energy losses.

3. Proper selection of material and design for the PCM container not only
increase the system life-time, but also improve the its efficiency by reducing

the water moisture transmission and corrosion inside.

4. Automatic fan speed and heat exchanging rate controls thur the temperature
feedback by thermal couplesis needed to make the system working in a better

efficiency way.

There are too many heat storage devices in the market. Only some

representative ones are introduced hear.

I1.3.1 Calmac HeatBank™

Camac Manufacturing Corp. of Englewood, N.J. has developed and put
on the market a bulk thermal-storage system, the HeatBank™", a rotationally
molded plastic storage tank which is 1.21 m (4 ft) in diameter and about 1.2m
tall. The HeatBank™ contained a spirally wound Calortherm™ tube heat
exchanger having a very large surface area. The heat exchanger consisted of
32: small parallel twin tubes spacing 3.8 cm on center. See Figure I1.3.1. The
supply and return headers at the top and the connections at the bottom caused

the heat exchanger fluid to flow in the opposite directions within each pair of




these tubes, effectively maintaining a uniform temperature radially and from
top to bottom. Thus, melting and freezing were also uniform, eliminating
damages to the tank and heat exchanger from thermal thrust

HeatBankTM systems can be ordered with any of the Calortherm™
tubes, and thus can store thermal energy at 7.5°C (45.5°F), 18°C (64°F),
31°C(88°F), 48°C(118°F), 58°C(136°F), and 70°C(158°F).
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Figure I1.3.1. Calmac HeatBank™ [1].

I1.3.2 O.E.M. Heat Battery™"

O.E.M. Products, Inc. in Dover, Fla. has developed and put on the
market the Heat Battery™, a nonmetallic bulk heat storage tank filled with
Glauber's salt (Na,SO,10H,0). This tank utilizes direct contact by an
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immiscible fluid, a hydrocarbon oil, to charge or extract heat from the PCM,

see Figure I1.3.2.

During the heat extraction, the immiscible fluid is pumped to the bottom
of the tank through a "Christmas tree" distribution system and bubble up
through the PCM, collecting on top. As the PCM freezes, it sinks to the
bottom of the tank, eventually plugging the outlet holes of the lowest oil
distributor. The added system pressure causes the outlets of the next highest
distributor to open. PCM freezing thus continues in an ascending manner,

through five tiers of distributors, until the PCM is entirely frozen.

During the charging up step, the process is reversed, with the
distributor ports opened in descending order. Heat-transfer. fluid through
copper heat exchanger coils immersed in the immiscible fluid which collects at
the top of the tank. This oil also serves to seal the PCM against: gain or loss of

water of hydration.
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FigureI1.3.2. O.E.M. Heat Battery™ [1]




I1.3.3 TESI Storage Tank

Thermal Energy Storage, Inc. (TESI) in San Diedo, Calif. developed
and selling the TESI Heat Storage Tank, a tank/heat exchanger bulk storage
device. See Figure II.3.3a-b. It consists of an insulated, rectangular tank,
1.21x0.73x1.61m high, with double wall, vented heat exchanger, consisting of
a copper tube inside an extruded, finned aluminum tube. For the M250 model,
the filled weight is 1812 kg (3987 Ib) and it contains 843 1 (223 gal), or 1273
kg (2800 Ib), of Na,S,0,5H,0, which melts at 48°C (118°F). Supercooling is
prevented by a cold finger arrangement, which maintains a constant supply of
nucleators to the PCM system. The manufacturer reports 44.4 cal/g (86
BTU/Ib) heat of fusion for the PCM, or 59564 kcal (236,380 BTU) latent heat
for the unit. Total heat stored between 100 and 140°F is 71500 kcal (283,700

BTU). TESI also offers other sized devices to meet the customers'

requirement.
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Figure I1.3.3b. Cutaway view of TESI Heat Storage Tank [1]

TESI recommends that the storage tank be used for commercial water
heating systems, or in an integrated active solar system, incorporating forced
hot air and domestic hot water. This system would include water-cooling solar
collectors; the TESI Hot Pak module, which contains the pumps, controls,
valves, and wiring needed to install the system; a hot water tank; and a hot air
heating system with fan coil heater unit. The TESI tank is finding application
in  condominiums, apartments, housing developments, commercial
establishments, and public buildings. The market acceptance of TESI systems

is good.

I1.4 Natural Energy Resources Storage

Natural energy resources includes solar, wind, tide, geothermal,
seasonal weather changes, etc. Thermal storage by using the natural energy
resources are limited due to geographic locations. For example; it is

impossible to use a seasonal ice storage in Florida or geothermal energy at a
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place where does not have this resource. In this section, only solar energy

storage and seasonal ice storage are discussed.

I1.4.1 Solar Hot Water Systems

Water heating is currently the most economic application of solar
energy. The nation energy expenditure for water heating is approximately 4%.
Solar water heating can reduce the peak elcctric demand in the late afternoon

during summer months.

Figure II.4.1 shows a typical solar water heating systern. The collector
fluid carries the solar energy to the heat exchanger and heating up the cold
water. The main problem of this system is the water quality. The hardness of
water cause scaling in the heat exchanger which not only decreases the thermal
conductivity, but also reduces the system lift-time. therefore, scale prevention

is the major concern for system designers.
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FigureII.4.1. A typical Solar Hot Water System [2].




I1.4.2 Seasonal Long-Term Ice Storage

The cold air of winter is used for producing relative large amount of ice
in long-term underground storage. The stored cooling capacity of ice is
recovered during the following summer. Initial research indicates that in the
regions where winter is sufficiently cold and of sufficient duration, this type of
system could provide summer air conditioning, refrigeration, or process

cooling. Thus the peak electric demand in summer is |owered.

The technique of interest involves using the natural coldness of winter
air to produce enough ice to provide for the total annual cooling load. The
Princceton system (Kirkpatrick et al 1981) uses a commercial snowing-making
machine to produce a large pile of ice. This system has been successfully
demonstrated. The Kansas State University system uses a stream of cold air
blowing over a thin sheet of water, building up ice in layers, and a passive ice
project of Argoone national Laboratory uses specially designed heat pipes to

freeze water contained in alarge insulated tank.

The relative heat losses from a storage volume can in principle be
expressed as [4]:
7\. ® T—To .ﬂtP’G)

HL=pc* 3T * v

ot (11.4.2)

Where A is the heat conductivity of the surrounding material, pc is the heat
capacity of the storage medium. The second term is the mean temperature
difference to the environment divided by the temperature amplitude in the
storage. The third term is the geometric factor which depends on the time in
use, t, and shape, G divided by the 2/3 power of the total storage volume. The
last term, t is the length of storage cycle. This suggests large storage volume

and good thermal insulation can reduce the heat |osses.
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To improve the insulation, water-saturated earth is used as storage
mass. The main costs of the system are the containment and. the insulation.
FiguresI1.4.2a-b show atypical storage system with a total volume of 4000 ft®
(113 m®). The major components of the system include: (1) storage mass, (2)
distributed storage mass heat exchanger, (3) blower for application, (4)
diverter valves, (6) thermostat and control device, (7) heat exchanger fluid

and a circulating pump.

According to the system shown in Figure I1.4.2, it was found that
8,921,856 BTU (2613 kwh), 52% of the store energy was recovered during the

summer, indicating about 48% loss to the surrounding earth [3].
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Figure I1.4.2a. Arrangement of water saturated earth storage mass [3].




I1.15

Winter Mode HX

1

)

SUMmmea Mode HX

Diverter é
D>

Emansion AF

Defrost ] Tank
Heater
1 Pump
- > e
C

Figure I1.4.2b. A typical ice storage system [3].

11.5 Summary

The general design and application of thermal storage systems have
been introduced in this chapter. These include the selection of phase change
materials, some system requirement and limitations. The major goal here is to
reduce the peak electric load demand and as well as to save energy. Without

losing our living standard, thermal storage is one of the best. way to do the

job.

The future works in this area may concentrate on the better PCMs
searching and the insulation technology, cause these lead thermal Storage

system more campact and efficiency.
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Chapter III
A Simple Procedureto Determine Real Time Prices

J.S. Lee

I11.1. Introduction

Today, utility management is looking for more customer oriented strategiesto respond to
changesin the electric industry environment. A more customer oriented el ectric service is better
suited for a more competitive generation market, for handling environmental concerns, and for
satisfying regional development packages[7]. This paper will analyze general aspectsa utility
must consider to start using a 24 hr updated real time pricing (RTP) program. Redl time pricing
of electricity isakind of demand side management (DSM) program that charges customers with
prices that vary over time. RTP programsincrease system efficiency and societal benefits,
because they increasethe level of information exchange between the utility and the customer.
RTP may be seem as aload control device. However, RTP alows the utility to increaseload
control signalsto a much broader base of customersand applications. Thesesignalsare not a
hard control of theload, but a voluntary customer responseto el ectricity prices. Price
information conveyed to the customer reflectsthe net load-supply state of the systemin any
given period. Under certain conditions, thisstrategy can be proved to maximize economic
societal gains[1][10].

According to the frequency the utility updatesthese prices, RTP can be classified and
named differently. The most common RTPkind of programis thetimeof use (TOU) pricing.
TOU programs update pricesevery month, in price schedul esattached to the participant
electricity bills. RTP programsthat update prices morefrequently can generate more system
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savings, however these programs may have more expensiveimplementation. If information
update frequency increased to operational responsecf generation (usualy 5 minutes or less),
electricity could be traded like in aenergy spot market. Spot pricing of electricity isa basic
concept for RTP programs. Currently 24 hr price update programsare the most advanced, yet
feasible RTP programsimplemented by the industry. Because the previous existenceof time
indexed metering equipment and capability of price response, utilitiestargeted industrial and
large commercialsin RTP early stages. Today thanks to cost reduction in communication and
micro-electronictechnologiesresidential customersare also a main focus of RTP programs.
Asaside effect from the savings RTP creates, utilitiescan learn more about each
customer response to price and service quality. Learning more about customer needs and the
economics of RTP allows the utility to offer other servicesthat are based on spot pricing
principles. RTP can bealearning processof new market strategiesfor the moreliberal US
electricity market. The next section of this paper will describe the economic principlesRTP
relies on. SectionITI. 3 presents what are the el ementsthat program managers should consider
when designing a RTP program. Section 111 4 analyze some aspectsof determining RTP rates.
Section III.5 presents asimple method to calculatered time prices using a procedure easy to
establishin atypical utility. Finaly, section 111 5 presents some RTP experiencesaready in

placein US utilities.

1.2 A primer on spot price based strategies

Rea Time Pricing (RTP) isa pricing strategy based on the concept of' spot price of
electricity. Spot pricing of acommodity isaconcept asold astrade. Inthe US, Vickrey [12]
was a pioneer proposing an analogy between utility servicesand perishablegoods. The objective
of thisanalogy is to give an intuitive understandingof the communicationprotocol existent in a
marketplace and of the benefitsthat follow flexible pricing. We usethe simple trade model of a
fish market to illustrate the transaction timing and the decision making order of each trade
participant in a spot market. We assume fish as perishablegood, that can not be stored from one
day to the next. In thecase of electricity thisis mostly the case except for hydro pump-back

strategies (these options are pretty much exhausted in US).
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Imagineyou arein afish market. Boatsjust arrived from the seawith fresh fish. You
have a vast number of options among different type of fishes and crustaceans (assuming you like
seafood). You browsearound. The fishermen display priceand quality of their product. When
you decide what you want, you tell the fisherman how many units you want. Y ou pay cash and
leave. If you came back the next day, unit prices for fresh fish may be completely different. Fish
prices will be higher if thefishing was bad, or lower if thereis too much merchandise and not
enough customers.

Suppose the next day the fish was not close to shore.  Only the fishermen with the
largest boats could go far into the ocean to get fish in such a bad day. They only spent the extra
fuel to go into open sea because they know scarcity will force prices to be higher than the
previous day. Assume prices are set equal to marginal cost. |.E. the cost of fishing thelast, most
distant, stubborn fish. Thiscost islikely higher than the average cost of all fish in a boat.

Now, customers face two alternatives. Customers in extreme need of fish buy at high
price. Customersthat can postpone consumption will not buy today. Suppose the larger
proportion of the customersare starving buyers, that will pay any price for fish. The fishermen
that own big boats will not regret they had kept the boats with the capacity of going far into open
sea. The fishermen operating smaller boats will have no revenue, today. If this situation repeats
enough times small boat owners may consider investing in alarger boat. In the other hand, if
most of the customers decide do not buy at the high. The fisherman must reduce his price to get
rid of the fish, remember that if he does not sell thefish today it will spoil and have zero value.
If fishermen have to reduce the price so much that the price islower than the average cost, they
will befacing aloss. The big boat owner may decide that the costs of having open sea capacity
surpassits revenues. He may decide to reduce the size of his boat, and therefore reduce the
industry productive capacity.

Over time consumer choice will be thedriving the desired installed capacity. The spot
pricesof the perishable commodity carry information about the production capacity and
consumer valuation of the commodity.

RTP isapricing strategy that mimics the behavior of afree spot market. RTP use can
improve utility and customers' savings, because capacity utilization of the utility increases.
Utility can use price as signalsto control demand. Customers can consumein lower price

periods, if they can reschedule their consumption. RTPincreases information exchange between
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utility and customer using a measurement of capacity use that is easy to understand and react,
Dollars/KWh. In our simple trade model, spot prices are pricesthat fluctuate over time and
location of delivery. In acompetitive market, the equilibrium priceisthe price level that clears
all supply and demand transaction. These prices are called spot pricesif they serve immediate
demand or cash transactions. For commoditiesthat must be produced immediately, like
electricity, the competitive producer perceives the spot price as the short run rnarginal cost of
producing and delivering with short notice. Theterm marginal cost takesinto account all the
current conditions of the economic system (all opportunity costs the producer face). From the
consumer's perspective, the spot priceis the marginal cost that he must pay to obtain the next
marginal profit amount (if the customer isafirm) or satisfaction (if customer is a household)
provided by the commodity. The main advantageof this pricing strategy isto convey to
consumers compl ete information about supply costs and to producers complete information about
demand valuation of the commodity.

Market organization and product characteristicsare very different in the fish market
example and the el ectricity marketplace. Therefore some acclimatization must be done to make

use of this ancient communication protocol in an electricity pricing program.

OI.2.1 Regulated Monopoly x Free Market

Spot prices do not necessarily reflect acommaodity's marginal production and delivery
costs. Spot priceisonly equal to marginal costsin acompetitive market, not the case of the
electric utility market. Electric utilitiesarerate of return regulated monopolies. Electricity sales
at a given price must recover revenue requirementimposed by regulation. Real time prices,
however, are forced to behave as competitive market prices. Savings originated from reduction
of revenue requirementswill directly favor customers. Regulatorsallow the utility receive a
perceptua of the savings as an incentiveto promote DSM programs[6]. The simplifying
assumption made in this paper, and most spot pricing based programsalready in place, is that

each rate determined by regulation must satisfy a revenue requirement. Ratecases will set the
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amount of revenue must collect from acustomer'sclassin each rat€'. Therevenueregquirements
of a rateareequal to thetota cost the utility incurson servingall customersin that rate class.
Traditional regulatory proceduresfix price as the rate average cost given expected load profiles.
Under spot pricing based programs prices are treated as atool that shiftsload from system peak
to valleysamong customersin asamerate. Thereforeat any given timeall customersin a same
rate are charged with the same price. Thisassumption may be relaxed if margina pricesaso

include location costs.

I11.2.2 Special characteristicsof electricity and its uses

For our purpose, we must pay special attention to two characteristicsof electricity asa
product. First, utilitiesnot only sell electric energy, but aso the capacity to generatethisenergy.
Second once capacity is assured, electricity energy supply must meet demand & all times.

Compared to other capacity constrained industries, like airline and telephone companies,
electric utilitieshave low price variation over time. The mgor objectiveof price variationisto
increase capacity utilization, which reduce contribution to fix cost by unit sold. For instance, in
airlineindustry price vary over different times of the year and over notice time before use for
non-refundabl etickets. For non-refundabletickets, capacity is assured ahead of time, therefore
uncertainty costs are minimized. Electricity prices, however, are commonly divided in a capacity
(or demand) charge and energy chargefor largeindustrial and commercia electricity customers.
Under RTP strategy capacity costsare included in the unit price of the service.

Real time pricing is afeasibleimplementation of the spot pricing principle (or marginal
cost based pricing). Thedesign of RTP strategy must allow a convenient customer's response
time, and the costsincurred on implementing the program. Utility must keep electric equilibrium
of supply and demand continuously, to assuresystem integrity. If utility relied exclusively in
RTP to establish this equilibrium, prices would fluctuate continuously. However, price changes

can not occur at faster rate than the time the customer needs to receiveand react to pot prices.

' The criterion to form customer classesisdectricity load profile. Thecost of serving eech different loed
profileis determined by the utility. Rates are usudly designed to best serveaload profile, and reciprocally
cover thecodsd al cusomersin that rate.
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Also interval between price updates and customer reaction must consider the costs of the
program implementation, or transaction costs (metering equipment, software and hardware to
respond to price changes). Transaction costs can not be higher than the program’s benefits.
Therefore electricity real-time prices will depend on different time dimensions of its
implementation, that are included in the terms of the RTP contract. The next session presents the

discussion of RTP timedimensions.

[11.3. Characteristics or rea time pricing

In 1982 Caramaniset al. [2] divide the implementation of spot prices in 3 levels, asan
attempt to characterize possible RTP programs. Each successivelevel requires aless complex
implementation, but also offer lower potential benefits (Table 1). The smaller interval between
price schedule updates reflects more accurately the evolving states of the system and its marginal
costs. TheRTP price schedules may also differentiate according to customer location.
Customers located over different transmission or distribution lines may be charged with different
price according to the load (and consequent losses) in the line during the period considered. For
customers enrolled in a RTP program electricity price will change to follow margina prices as
frequently as technical (utility ability to meter) and economical (customer ability to respond)

comnstrains allow.

Level Name Information Media Price Includes Prices based on
I 5 minutes Computer Link Real and Reactive Power. Real Time
update RTP T&D quality. Individual Operations
Losses
I 24 hour Radio, fax, Real Power (opt. Reactive | Next 24 hr.
update RTP telephone or Power), adjusted to quality | Operation
computer link and losses. Forecast
1| Time-of-use Insert price schedule | Real Power. T&D Monthly
prices (TOU). | in €electricity bill differentiated by area. Forecast

Table 1 -- Possible classification of RTP program implementation by complexity
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In this paper we focusisin RTP programsof Level II. These programs represent the
current equilibrium between cost of implementation and efficiency gainsfor rnost utility systems.
They are what utilitiesaround the country more commonly refer to as real time pricing programs.
For thisclass of programs Tabors[11], suggested further categorizationof RTP rates. Tabors
used three divisionsin the time domain and two divisionsin the pricedomain In thetime
domain the most important characteristicis the same as pointed by Caramanis, the length of the
update cycle. The second time domain characteristic isthe smallest timeinterval a priceis valid
or the number of separated pricesthat are quoted in an updatecycle. Thethird characteristicis
the amount of time in advance the customer is notify before an emergency priceentersin effect
and/or before the regular price schedul e update.

To illustrate this classification, Figure 1 presents a program that has prices update every
24 hr. Suppose pricesfor tomorrow enter in effect midnight today. The new price scheduleis
send today to the customer by 4 p.m.. The program in Figure 1 has 48 price intervals during the
day. Thisisacommondivision, sincefor most utilitiesequipment used to record demand
charges operate in 1/2 hr intervals. These equipment can be converted to be used in RTP
programs.

In the pricing domain, the 2 most important characteristicsare how RTP pricesare
calculated and how RTP pricesare presented to customers. Tabor [11] divided calculationin
four possible groups: Marginal cost based, operating cost, averagecost and demand charge. The
cal culation method will depend on the program objectivesand the potential savings being

targeted. Pricescan be brought to consumersin tiers with some descriptive nameslike'high',

Smallest timeinterval 30 min = 48 pricesin a update: cycle
R RREEE
16| ... | -1 | O 1 2 | ... |23 24| ... | 47| 48
+ee e i fARRESE e et L mremeeesseseenea
" Notificationtime Update Cycle ( 24 hr.)

Figure 1. Exampleof an RTP program. Pricesupdate every 24 hr, notification of new prices 8
hr ahead prices become in effect. Smallest timeinterval between pricechanges is 172 hr, henceit

would be possible48 price changesin each cycle.
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"moderate”, “low” or as acontinuosprice. Theway prices are presented to the customer

depends on the kind of customer and his decision making process.

111.4. Pricing.energy in real time

For the utility, the marginal cost of electricity isthe cost of supply the next marginal
increment of electricity demand given the current load demand and the current utility supply
condition (unitscommitted, tie line availablecapacity, supply contracts with other utilities, etc.)
RTPin this paper is asurrogate to electricity marginal pricing of producing and delivering
electricity in the short run ([9], 9). All other system conditions being the same, real time prices
must increase during load peaksand decrease during load valley. Assuming customer
consumption iSresponsiveto price changes, the utility may usetherea time pricing strategy for
peak shaving or valley filling. Aspricesof eectricity vary over time, customers will delay
consumption during high price periodsto periods of lower prices. RTPisefficient, if price
variations optimally allocate resourcesacross time and space.

Marginal pricing electricity may provideto the utility total revenues far above or far
bellow the revenue requirements set by embedded capital cost based regulation. Thisdifference
must be reconciled by an adder or multiplier applied to the energy price and/or in form of alump
sum payment (from utility to customer or from customer to utility) at theend of billing period.
The revenue reconciliation factor is calculated according to revenue requirementsfor each rate
class.

Caramanis[3] divide the short run margina (SRMC) cost of delivering 1 KWh at busi at
timetin twocost groups. Thefirst kind of costs relate to generation activities. The second
group of costs relate with transmissioncosts and therefore will vary depending the customer

location in the grid. Costsin each one of these groups can be subdividedas:

Generation related marginal costs:
e MCG;(t) Cost of fuel, operation & maintenancecaused by the last Kwh supplied during

periodt.
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e  MCG,(t) Cost of providing spinning reserve (1/2 hour) caused by last Kwh supplied during
period t.

e  MCG;(t) Cost of load following, maintaining frequency and voltage tolerances and other
system security contingency planning related requirements, caused by last Kwh supplied
during period t.

e  MCGy,(t) Cost of sustaining generation capacity shortage constraints caused by the last Kwh
supplied in period t. This component reflects the costs such as emergency purchases,
increased wear of equipment due to operation at emergency levels (above rate of operation),

triggering interruptible contracts, brown outs, rotating blackouts and cost of unserved energy.

Transmission related marginal costs

e MCT,(,t) Cost of transmission and distribution power losses caused by last Kwh supplied in
busi during period t.

e  MCT,(, t) Cost of transmission variable maintenance, cost of providing transmission loading
related operating reserves and sustaining security controls, harmonics and other transmission
related power quality tolerances, caused by last Kwh in busi supplied during period t.

e MCTs(, t) Cost of sustaining transmission and distribution capacity shortage constraints
caused by last Kwh supplied in bus i during period t.

Not all elements of thiscalculation areincluded in the variable part of RTPrates. All
these costs are always present, the question isif they are going to enter thefinal rate as variables
over time or as part of addersand multipliers that recover revenue requirements. The next

section proposes a model to determine appropriate rates a 24 hr update RTP program.

1115 A simple real time price calculation model

In this paper, we assume thereis no price differential among customers because of
location. These price differentials can beincluded to the model using optima power flow
algorithm or as a penalty factor for each customer demand price. The formulation proposed aims

mainly the unit commitment problem, but it explicitly solves the dispatching problem using




.10

forecast demandsfor each period. Merlin [8] and Zhuang [13] present good discussion of this
formulation and solution method based on lagrangian relaxation.

min 3, ¥ Fy(Po).th + STt ) )
teT iel

St

Demand constraint

). P, =PD,(pe,t Adder)*PD; VreT )

iel

Reserve constraint

Z,u“P_,,— PD,(pe,+ Adder)-PD, - R, =0 VieT (3)
iel

Xigan = X, +(1—u,) VteT,Viel 4)
x,.(—u,)=0 VteT, Viel &)
x,.20,u,=00rl VieT, Viel ©6)
P,.>0, B.<E VieT, Viel (7)
pe,Sp_e, pe,ZE VieT (®)
Where:

F,(P,): Total fuel cost of generating unit i for timeinterval t. This function represents

the input/output characteristicsof generating plant i. However any functional form could be

used, we assumed this function is linear, equation (9).

F,(P)=a,*hP, ©)

it

ST (x, ) Starting cost of generatingunit i a timeinterval t. Starting costs are a function of

the period throughout which the unit has been shut down. Thelonger this period, the colder the

unit and the more expensive to warm-up. Equation (10) shows the functional form we used.
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ST.(x,,u,)= ci.[l—ed_l‘lJ +e |u, (1-u,) (10)

X, State of thermal unit i, denoting the number of hours that unit is has been off.

u,: Discrete variable, indicates that unit i ison at time t if equal to 1, and off if equal
0.

P,: Power output of generating unit i for timeinterval t.

Fi: Maximum power output of generating unit i.

PD,(pe,): Forecast system power demand during time interval t, given electricity price for
timeinterval t.

PD, : Forecast system power demand during time interval t, that is price independent.

pe, Short run marginal cost portion of real time price of electricity at time't.

Adder: Fixed embedded cost portion of the real time price used to recover revenue
requirements.

B_e: Pre-determined maximum short run cost of electricity.

pe: Minimum price of electricity to recover revenue requirements.

l: Generating unit index.

l: Set of all generating units committed (availablefor generation).

This model is simple, computationally efficient and has good adherence to utility reality.
It does not model reactive power or transmission losses. These cost elements are included in the
revenue reconciliation adder or the rate. Assuming the revenue requirements (RR) are calculated
annually, and Y isthe set of all daysinayear. Equation (11) presents the formulation that

recovers revenue requi rements.

RR=Y (pe, T Adder) (11)

TeY ts7

The utility therefore desires to calculate de adder as presented in equation (12).
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RR—ZZpe,

Adder = Teviel (12)
n, Xn,
or
RR
Adder = —— —average(pe ; ) (13)
np Xny
Where:
ny . Number of daysin ayear.
n,: Number of price periodsin 24 hr.

average( pe,) Average marginal short run portion of the RTP program price.

The operations and DSM department must work jointly to perform tht: daily routine on
determining the real time pricing sent to customers. The mechanics of an RTP program using

this kind of formulation could be as follows.

Forecast non sensitive price demand for next 24 or 48 hr.

set prices pe equal to inter utility market price plus any adder or multiplier.
Solve unit commitment/dispatching problem.

Increase or decrease prices pe to control strategic demand.

Solution is satisfactory goto 6. If not, go to step 3.

© o w DN E

Communicate prices to customers

Note that pe can only be set as a variable of the problemif we change the objective
function to a societal cost minimization. Where the objective functions of the customer and of
the utility are incorporated in a single objective function. The solution proposed by the above
fonmulation is subjective since, the operator must evaluate a satisfactory demand level. This
procedureis not at al new for system operators. We assume that the utility is capable of
importing power from a broad neighbor market or take power from a pool. The margina cost

part of the costs reflect the prices paid for the pool or neighbor utilities.
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II.6. What isalready real?

In the electric utility industry experiences with some kind of spot price based rates have
been in used since 1952%. Besides the long service time RTP are still new for most of customers
and utilities. They are included in DSM programs of most large utilities in some form or
another. But the more aggressive 24 hr update are still seem with reserves. Experimental RTP
programs are agood indication of utilities interest on learning how to provide electricity under a
variable price arrangement. Some experiences are already in placefor different customer
classes. They show that customers tend to change consumption patterns in response to prices if
they have appropriate hardware to analyze prices and preset their choice set. The most common
applications among industrial users are related with interruptible power options, and large
industrial capable of rescheduling production around the clock. Commercial applications are
mostly related with heat or cold storage applications. Residential applications have became
center of the attention recently with theintroduction of the information high way concept.

Electric Power Research Institute (EPRI) and Georgia Power Co. (GPC) surveyed
utilitiesusing RTPin 1991 asretail market strategy. They determined 12 utilities that have
programs already established. These programs have as few as 2 and as many as 176 customers,
mostly large industrials. A modal number of customers are 15 (3 programs), only 2 programs
have more than 100 customers, and 5 programs have 10 or fewer customers([4].)

Residential RTP programs are usually implemented with of proprietary systemslike
TranstexT® from Integrated Communication Systems and American Electric Power;
PowerView™ from First Pacific Network and Entergy; and others. These systems, besides very
differentin terms of implementation one from another, are based in the same RTP principals.
These systems are usually divided in two parts. A control center in the customer residence, that

will receive utility pricesand control water heater, room temperature and other devices,

2 EPRI Innovative Rate Survey of 1990 reports areal-timepricing rate from Bangor Hydro-Electric
Cornpany that started in January of 1952 and is still in usetoday. Customer may request secondary power
a any time. Theserviceis subject to availability of power at the time of the request. The rate is computed
monthly and is intended to pay the entireincremental cost of generatingor purchasing the energy requested,
plus not more than 2.5 millsper KWh.
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according to customer preset preferences. The second part isa utility transmission system of
information and feedback. The communication and feedback system in general include other
furictions besides implementation of RTP prices, such as, automated meter reading and systems

check.

111.7. Conclusions

This paper presented theoretical and practical aspectsto be considered when implement
areal time pricing program. Some RTP priceformation elements are described. Depending on
the kind of RTP program and savings objective, not al cost elements will enter in the calculation
of variable portion of prices. Elementsthat do not enter price calculation as variables being
optimized will be added to the priceas an adder or multiplier that will recover revenue
requirements.

A simple model to determine 24 hr update RTP is proposed. This model ignores
transmission and distribution cost per customer. These costs will be added to the adder or
revenue requirement reconciliation mechanismafter the main problemissolved. The model,
however, alows the that some analysisin capacity displacement in the short run to be made. The
proposed model include the most important controllablecost items on serving demand. Y et the
model has simple formulation and low data requirement, what make RTP implementation easier

to utilities.
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Chapter V
Shifting Energy And Demand Away From The System Peak
Atulya Risal

V.1 Introduction

With limited energy resources, scarce capital and stringent safety and environmental
regulations, utilities are forced to consider both supply and demand side options for
optimal resource allocation. Least cost planning (LCP) or integrated resource planning
(IRP) refers to the process where demand side options are compared with supply side
opportunities to allocate resources to meet the future demand [1]. Until recently, utilities
have focused more on the supply side to sustain load growth. These efforts focused on
retrofitting existing plants with more efficient technol ogies, increasing generation capacity
and using cleaner fuel to meet environmental regulations. However the nature of
electricity as a consumer product has led utilitiesto consider the demand side a vauable
management tool. In particular, electricity cannot be stored in most part and has to be
supplied at the quantity demanded at the instant demanded. Furthermore, the reluctance of
regulatory cornrnissionsto grant investments in new plants rather than containing load
growth has made utilities take a closer look at the demand side opportunities to make
more efficient use of electricity.

Demand side management (DSM) gives utilities planners an extra degree of freedom
in strategic charting of the course to meet anticipated demand. By effectively managing

the loads towards optimal utilization of available resources, investmentsin new plants and
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equipment can be avoided or at least deferred. In addition, fuel consumption can be
curtailed, leading to reduced environmental pollution. Current trends in energy efficiency
through demand side management focus on implementing various technologies and
programs that are categorized as either energy conservation or peak load management.

Energy conservation programs are geared towards creating a shift in load profile as
shown in Figure 1. Conservation programs allow utilitiesto increase anti or maintain their
spinning reserves, defer investment in new peaking plants and reduce transmission and
distribution losses. Increased customer satisfaction and reduced emissions are aso the
outcomes of conservation programs.

Demand

Time

Figure 1 Demand shift
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Peak management programs refer to efforts to shave peak (Figure 2), shift peaks
(Figure 3) and fill valleys (Figure 4). The bendfits include increase load factor, spinning
reserves, deferred investment, and depending on base load plant types, reduced pollution
emissions. The remainder of this report is going to focused on peak shifting and valey
filling operation under demand side management. In order to fully appreciate the impact of
peak load management, it is necessary to understand the operation characteristics of

electric utility.

Demand

Time

Figure 2 Peak shaving
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Demand

S

Time
Figure 3 Peak shift
V.II Utility operation characteristics

Unlike regular consumer goods, electric utility hasits own set of characteristics.

e |t must be made availableto al requestswithin a service area.

It must be provided in quantity and at time demanded at the customers' site of

use.

It cannot be stored. In most part it has to be produced and served at the demand

of the consumer

Utilities have to constantly upgrade their facilities to be able to meet the maximum

probable demand at any period. This maximum rate of use or ""peak coincident demand" is
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a major factor in determining the amount of investment required to rnaintain a reliable
supply of energy. A typical daily load demand of a utility is shown in Figure 5.

Figure 6 and 7 show the seasonal load profile of a summer peaking and winter
peaking service area respectively. In order to serve such load profiles, utilities rely on a
various type of generating plants. A load duration curve (LDC) shows the amount of time
that a certain generation level needs to be maintained to serve the load demand curve [9].

It also helps determine generation capacity MX necessary to meet various load

Demand

Time

Figure4 Valey filling
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Demand

MID 6 am NOON 6 pm MID

Figure 5 Daily peak load

maintenance, and outage requirements. Figure 8 shows an example. A utility typically
implements various generating technologies of varying cost characteristics to serve the
loads. As shown in Figure 8, there is an annua minimum load under which the demand
seldom fdls This load that needs to be served at al times is called the base load. At the
other extreme, the maximum load or "pesk load" occurs for a relatively short duration.
Regulations require utilities to have the internal capacity to meet this demand level [10].
Plants that operate only to meet the peak demand are known as peaking units.
Intermediate or cycling units are plants designed to operate under varying load demands

between base and peak |oads.

—
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Demand
Jan July Dec
Figure 6 Seasonal load curve (summer peak)
Demand
Jan July Dec

Figure 7 Seasonal load curve (winter peak)




Demand

Peak

Intermediate

Base Unit Generation

0 HRSIYR 8760
Figure 8 Typical load duration curve

Understandably, base load units need to have low generation cost. Planners choose
capital intensive yet fuel efficient unitsfor this purpose. Most of the base load unitsin the
US are either coal or nuclear with 500 + MW capacity. Peaking units on the other hand
have very low operation period or **on time" Hence the variable cost of generation is not
as important. Older inefficient units tend to serve as peaking units. Units with low fixed
cost but high generating cost such as combustion turbines are designated as peak load
units in the range of 25-100 MW. Cycling units are mostly in the range of 200 - 500 MW.
They are primarily coal, oil or gas fired units. The various mx costs of generating
technologies, combined with transmission and distribution losses, shape the cost curve for
utilities. In particular, as the load demand increases the cost of next unit of power

generation rises. Thiseffect in incremental cost can be attributed to various factors. Fuel
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efficiency of a generation unit is aways lower at its maximum capacity than at lower
operating points. Lower fuel efficiency isdirectly trandated into higher operation cost for
each additional unit of power generated. As explained earlier, cycling units and specialy
peaking units tend to have higher generating cost than base load units. As more and more
units are brought on line, adding to the start up and shut down costs, the cost o
producing an extra unit of power rises. Lastly, since power loss in transmission and
distribution systems are directly related to the amount of power delivered to customers,
the net cost to supply side is higher for higher demand level. Figure 9 shows a typical
incremental cost curve that accountsfor the af orementioned factors.

Incremental Cost

/

Generation Max

Figure 9 Systemincremental cost
V.11 DSM impacts



Considering the operation characteristicsaf a utility, the economic impact of demand
side management technologies and programs that are geared towards peak shifting and
valley filling of load profile cannot be overlooked. Peak shifting refers to the effort to
modify consumption pattern such that demand is shifted in time. Valey filling on the other
hand is the attempt to introduce new loads at off-peak periodsin order to increase system
load factor. Whereas peak shifting may lead to vdley filling, valley filling does not reduce
peak demand. The economic advantages of peak shifting program can be identified by
considering it to be an equivalent "peak load unit” Namely, by shifting a certain
percentage of the peak load to off peak period, the need for a peaking unit to supply the
percentage of origina peak is averted. The economic analysisof such deferment will vary
among different utility structures and operations. Furthermore, the decrease in peak will
lead to a more economic dispatch of base and intermediate units as they operate under
lower power output. Increased load factor due to valey filling and peak (shiftingprograms
also decrease the partial loading conditions during off-peak period. The decrease in start
up and shut down frequency is reflected in increased savings. Transmission and
distribution losses are also lowered.

Although DSM programs intended to shift peaks appear to move generation away
frorn oil and gas to coa with higher emissions, the environmental impact is not necessarily
negative under dl operating conditions [15]. In areas with generation mix emphasis on
hydro, oil and gas rather than coal, the reduction in emisson due to the non-use of
inefficient coal fired peaking units is clear. Similarly in areas where coal based plants are

sustaining both the base and peak loads, reduction of the operation period of the




inefficient peaking units leads to reduced emissions as well. Utilities with generation mx
containing gas or oil unitsfor peaking but coal for base and cycling load have the potential
to increase pollution due to peak shifting. However, if the environmental concerns are
incorporated into the dispatch schedule, then the dight increase in coal emissions can be
corripensated and even reduced without making a significant economic impact. The
assessment of environmental impact of valley filling operations have to include emissions
from previousend usefudl.

The economic advantages of peak shifting programs are not limited to the supply
side. Advanced technologies that implement more efficient trajectory for heating, cooling
cycles in commercial and residential buildings offer smaller operation hill [4]. Energy
storage technologies alow equipment with lower capacity to serve the origina same
volume for heating and cooling. This will result in lower capital investment cost for
consumers. For an effective implementation of DSM programs, customers have to be
aware of the potential savings[2].

Sufficient incentives on the behdf of utilities are required to implement available
technologies in peak shifting programs. Even though non-financial incentives such as
publicity campaigns do shift energy consumption in the short run, long run results are
seldom satisfactory. Consumers tend to fall back into the “old habit."" Spot pricing or
dynamic pricing incorporate the true cost of supply, transmission aid distribution o
electricity to optimize the use of scarce resources [5,6,9]. Since the cost of electricity
tends to vary by the minute as demand level changes, dynamic pricing structures are

difficult to implement and costly to meter. Time-of-use(TOU) pricing or peak load pricing
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is one of most effectiveincentive, closest to spot pricing, to modify consumption pattern
[3]. Time-of-use pricing typicaly contains two different rate periods: peak and off-peak.
The higher cost of generation, transmission and distribution during pedk load demand is
reflected by the higher rate during the peak period. Similarly off-peak period rate is lower
than the regular usage based tariff. Peak load pricing has been in practicein numeroushigh
volume consumer services. Airlines and telephone rates are some of the examples where
peak pricing are introduced in an effort to shift demand from one period to another. The
effectivenessof time-of-use pricing is based on the long and short run elasticity of demand
for electricity. It is also influenced by the availability of aternate fuel sources [5]. Full
economic andysis is beyond the scope of this report but practical experiences have
demonstrated TOU rates as an effective tool in shifting demand. However, a possible
scenario Of needle peaking by increased demand just prior to rate switching have to be
examined beforeapplying TOU rates [7].

Other financia incentives like rebates or subsidies are also effective to a lesser
degree in changing consumption pattern. Rebate programs offer consumers hilling credits
for utilizing technologies that will lead to peak reduction and or shifting. Some uitilities
provide rebates to retrofit current equipment to a more efficient level. Heat pumps,
adjustable speed drives are some of the technologies that are currently being offered by
utilities across the nation. Under subsidy option, utilities distribute energy efficient
products at alower cost. Compact fluorescent lamp distribution is a good exampleof such

programs.




V.IV DSM technologies

For DSM programs to be successful, proven technologiesare a necessity. Presently
availabledemand side technologiesfor peak shiftingare

e thermal, heat/cool storage

e direct load control

e battery storage

e superconducting coils.

Energy storage programs of many utilities fall under three different options. cool
storage, space heating storage and water heating storage [13]. Almost a third of electricity
consumption in commercial sector is accounted for by space cooling. That makes it the
single largest contributor to utility summer peaks and hence, the obvious target for load
management programs. Cool storage technology uses conventional HVAC system with
water, ice or eutectic salt storage tank. The storage medium is chilled during off-peak
period and used for peak load cooling. In addition to the savings from demand charges,
consumers can realize savings from down-sizing the chillers since the off-peak charges are
used to support peak loads. Storage space heating systems utilize off-peak period to
charge a heat reservoir and discharge as required during the full period. There are four
systems currently available: control forced air, room-size, hydronic and under floor. Some
utilities combine space heating with heat pumps to yield higher efficiency. Residentia
space and water heating are two of the mgjor contributors to winter peaks. Storage water
heating, commonly used in the 1940s and abandoned in the 1950s, is becoming a popular

choice in DSM programs. Storage water heating supplies daily hot water requirement by




heating only during off-peak period and storing the water. Again combining such storage
systems with heat pump produces much more efficient implementation for storage water
heating. In sites without time-of-use rates, utilities may opt for direct control of such
loads.

Interruptible |oads are classified as loads that are under direct control of the utilities.
The ability to turn loads such as air conditioners and water heaters off during the short
peak periods acts as a peak shifting mechanism. Traditionaaly utilities offer lower rates as
an incentive to customers who allow such interruptions.

Although present manufacturing and operation costs have kept battery storage and
superconducting coils to the supply side of load management [1], the possibility of their
implementation in the demand side cannot be overlooked. Both of the technologies store
electricity directly, making them more efficient and versatile in applications. Direct storage
technologies alow the customer to purchase electricity at cheaper rates during off-peak
period and utilize during peak period.

V.V DSM implementation results

Results from different utilities show that various DSM technologies are effectivein
shifting peak electric demand. Experiences have also shown that the best results are
obtained through careful selection of demand side management programs and not just

technologies. Table 1 lists some of the publicized results of DSM programs [14, 16,171



Table 1 Load shiftingimpactsof various utilities

Utility Year | Reduction | Comments
Ontario Hydro
1989 62 MW Miscellaneous small residential
1990 59 MW commercia and industrial programs
United Power Assoc. |
1990 5% Summer | Direct load control and other thermal
peak storage based technologies.
1990-91 | 12% Winter
peak
Dutch Electricity
Peak clipping 2000 917 Gwh Anticipated annual savings based on
Peak shifting 5242 Gwh current experience.

Under DSM program selection, several factors need to be considered. Time-of-use
rates induce the desired shift in peak only when customers with loads that can be switched
to different period are targeted. For example, washing and drying can be switched to off-
peak period easily but lighting loads are not as easy. in the effort to gain customer support
of DSM programs, long term commitment by the utility is required. Furthermore,
customers need to be assured that they will not have to pay higher amount for the same
usage pattern after enrollingin DSM program. Also, utilities have to periodically provide
support such that customers do not fal back to the old consumption habit. This is a
distinct possibility when the electricity expense accounts for only a small percentage of
total expenditure. It is difficult to generalize idedl selection processes and evauation

methods of DSM programs under different regulatory constraints faced by utilities.




However, utility-customer cooperation, long term commitment, and appropriate
technologies are fundamental to a successful demand side management program
implementation.
V.VI Conclusion

Itisclear that when properly implemented, DSM programs yield benefitsto both the
customer and the utility. Load shifting programsare specially attractive to utilitiesfor their
proven effectiveness. Since load shifting programs do not decrease the total load
requirement they are more likely to be adapted by utilities. In addition to financial benefits,
load shifting offers environmental benefits as well. With the present trend in demand side
management, load shifting programs are bound to play a vita role in reducing new
generation requirements, transmission and distributionlosses, increasing energy efficiency,

load factor and containing environmental pollution.
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Chapter VI
The Effectivenessof Various Peak Reduction Techniques
S. Alyasin

V1.1 Introduction and scope

The high costsof expanding generation, transmission, and distribution capacities
forces today'selectric utilities to exhaust their installed facilities before considering
expansion. Postponing system expansion in this way necessitatesthe ability to control
peak demand of the system as well astota energy use by the consumers. Demand Side
Management (DSM) programsinvolvedirect control of the loads by the utility, enabling
them to shift loads during peak demand hours, as well as achieve other economic goals
through conservation, improved efficiency, and peek reduction. Thisreport identifiesthe
effectivenessof various methodsconsidered in DSV programs to reduce el ectric pesk
dernand. Beforeanayzing these pesk reduction techniques, a brief summary of the
importanceof pesk |loads and a statistical view of urban electricity consumptionis
needed.

The generating unitsof any utility are composed of base load units which are the
most economical to usefor loads present throughout the year, intermediatecycling units
which are more economical for satisfying short term pesk |oads, and peak-load units
meant to handleloads that occur during few hoursof the year. Fluctuationsin demand
during peek daysof the year are the most expensivefor utilitiesto satisfy, therefore the
daily peak load rather than the average load over the season dictatesimportant financia,
operational, and regulatory decisions. Thisisthe reason for theinvolvementof DSV
technologiesin reducing the pesk load.

Although thefocus d this paper istointroduce various pesk reduction
methodol ogiesand to realize their effectiveness, it is beneficid to gain an understanding
of how electricity consumption isquantified. Load management studies requiredataon
time-sequencing of loads as well as the time series behavior in the occurrenceof |oads
throughout theday. [5] Since the actual parameters which influenceelectricity use vary
from resident behavior to specific appliancetype, to climatic parametersas wel asto
socio-economic factors, some studiesrdy on electricity use patternsover acertain
number of days as random variablesand then try to describe their stochastic behavior in
dtatistical terms as load forecastingmeasures. Thus, aset of dataistaken over the pesk
days of the year (only afew timesover the year) and the statistical variation in this set of




datais used to evaluate the need for pesk reduction and to plan the specific method for
achieving lowest pegks. Thefollowingmeansof peak reduction are discussed in this
paper.
« Pesk demand reductiondue to solar water hegters
» Summer pesk load reduction from the operation of
photovoltaic (PV) systems
Application of conservation voltagereduction (CVR)
for resdential, commercid, agricultura irrigation,
and industrial consumer classes
Useof dectricity pricingasasigna to communicate
messages to consumers
Concluding remarks as to the effectivenessof each method are al so provided.

V1.2 Peak demand reduction dueto solar water heaters

One pesk demand reduction schemeis the use of solar water heaters. This section
provides astudy of the effectivenessof usng solar water heatersin the residentia and
cotnmercial sector in reducing pesk demand. Note that hot water use profiles are quite
differentfor resdential and commercia consumers. Theresidential peak hot water use
occurs between 7:30-8:30 am. Four studies performed by the FloridaPower and Light
('78-'80), University of Texasa Audtin ('82-'83), FloridaSolar Energy Ctr. ('82-'83), and
the North CarolinaAlternate Energy Corp. ('84-'85) aimed & determining coincident
demand reduction in each system due to solar water heater penetration. The term
coincident refers to demand reduction during the utility's pesk (usualy 5-6 pm) as
opposed to noncoincidenta peak demand reduction referring to reduction in demand
during the water heater's pesk. [3] For the Horida Power and Light system involving 21
solar systems, an e ectric demand of 0.33kw isreplaced by a"negligible’ solar water
heater, resulting in a coincidental demand reduction of 0.33kw. The University of Texas
experiment involving 14 solar systems, an electric demand of 0.399kw was replaced with
a0.01kw solar water heater. Thislead to acoincidental demand reduction of 0.39%w.
The FloridaSolar Energy Cir. replaced their electric demand of 0.72kw with 20 solar
systems consuming 0.08kw, thus resulting in acoincidental demand reduction of 0.64kw.
Finally, the North Carolina Alternate Energy Corp. satisfied their el ectric demand of
0.3kw with 24 solar systems consuming only 0.2kw, corresponding to O.lkw of
coincident demand reduction.
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A more recent study performed by the city of Austin utility in 1991 focused on the
utility savingsin thecommercial sector. The Rosewood Multi-Purpose Center,
Firestation 21, and the South Austin Red-Center (SARC) are the three city owned
buildings identified as good sitesfor solar water heating systems based on their potential
to save the most energy and money for thecity. The Rosewood center's: hot water profile
has a sharp peak at midday due to the useof alarge dish washer after lunch (average
daily water useis 150 gallons). An active drain-back solar water heating system
consisting of three 4ft x 8ft flat-plate solar collectors and two 82 gallon solar storage
tubes isinstalled. Average summer reduction for this system isshownin Figure VI.1.
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Figure V1.1 - Average summer day electric demand for the Rosewood System

Observe that the peak demand at midday is considerably lower "with solar." Note that
the "with solar” curveis based on the metered electric demand with the solar system on
plus an estimate of the parasitic power used by the pumps and controller. The "without
solar” curve isfrom a model which uses measured hot water energy use and estimated
tank heat lossto predict what electric demand would have been without a solar system.
The area between the two curves represents the demand reduction for the utility.

The average summer day diagram for peak reduction in the Firestation systemis
shown in Figure VI.2.
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Figure V1.2 - Average summer day peak demand for the Firestation system



Hot water is used in the Firestation for showering, dish washing, and cleaning with an
approximatedaily use of 60 gallons. One peak isseen in Figure V1.2 during the morning
hours. The utility's demand reduction iseasily seen in thefigure.

The average summer day electric peak demand for the SARC isseen in Figure
VIL.3.
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Figure V1.3 - Average summer day peak demand for the SARC system

SARC houses a gymnasium, game room, locker room, and offices. The:main hot water
use isfrom showering. The use variesfrom day of the week to season to events
scheduled. Approximate average daily hot water useis 100 gallons.

The utility savings due to demand reduction for the three systems shown is
evaluated by thefollowing rate. A Ikw coincident peak demand reduction is$350 to the
utility (note that the coincident peak interval in thisstudy is5-6pm). At thisrate, and
based on average peak demand reduction values, a saving of $175 due to the Rosewood
solar heaters, $105 due to those of the Firestation system, and $280 due to those at the
SARC isseen by the utility. Furthermore, if any of the three system's hot water use peak
demand coincided with the peak demand of the utility, a saving of about $2000 islikely
for any of the systems. Thisjustifiesthe utilitiesone-timerebate policy of providing
$150-350 depending on the sizeof theinstallation. Realize that the above numbers suite
an average summer day, since awinter day may be either sunny or completely overcast,
and determining average peak is not feasible without several yearsof testing.

V1.3 Summer peak load reduction from the operation of photovoltaic (PV) systems

This section discusses the capability of grid-connected photovoltaic systems
serving commercial buildingsin upstate New Y ork, a study supported by the Niagara
Mohawk Power Corp.



ThePV systeminvolved iscomposed of an installed, roof-fitted 15.4kw system.
Generally, PV systems are well-suited to DSM technologies since the available isolation
coincides well with the typical daily electrical demand curve of commercial customers.
The minimum system specs are:

« 15kw dc output @ 100W/m2@25 degrees celsius
* total system efficiency near full load > %90
* PCU pf > 0.95 under rated output condition and
> 0.85 at %25 of rated output
* ITHD < %S5 - individual harmonic distortion <%3;
VTHD < %3 - singlefrequency distortion < %1.

ThePV installation managed to comply with all original specs mentioned above
and provide the average demand reduction (July-August 1990) similar inform to that
illustrated in Figure VI.4. Theactual systeminstalled had a peak reduction of about
10kw over the 2 month period while the study wascarried out.

550
L N

- v
500 1 /(""3,,‘" oo B8
/ — =\

WPC  3roject |

s

e ‘ A

300 e

4 8 12 16 20 24
Time of Dey

-— Leez ey - Loec with 10 x PV |

Figure V1.4 - Average (NMPC) bldg. demand reduction for July-August 1990 due to the
addition of aPV system with 10 times the capacity of the existing system

The upper curve in Figure V14 defines building demand on the utility grid without the
PV' system. Thelower curve defines the building demand with the PV system. The
differencein areaisthe demand savings. Note that the results depicted in thisfigure are
the.expected savingsfor a PV system with 10 times the capacity of that installed in the
experiment.

Again following the guideline of $350/kw in coincident demand reduction during
the. utility's corresponding interval, the PV system installed has effectively saved the
utility $3500. Furthermore, a PV system with the capacity of the systern depicted in
Figure V1.4 resultsin much lower demand. Unfortunately, installation costs are not
quoted in the study. Assuming these costs arelow in comparison to savings seen in
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Figure V1.4, the grid-connected PV system has successfully provided aconsiderable
reduction in pesk demand.

V1.4 Applicationof CVR for resdential, commercial, agricultural irrigation, and
indusgtrial consumer classesas meansaof reducing peak load

The ANS standard C84.1-82 defines the distribution end voltage levelsin the
United States. Thisregulation is needed to protect consumer equipment. Theregulation
of distribution system voltage to narrower ranges than those permitted by the ANS
standard has been studied, debated, and practiced. This practiceisknown as conservation
voltage reduction (CVR) and has been applied by many utilitiesin the US with theam to
reduce pesk load demand and end-use energy consumption. Thissection providesa
description of this practice and pointsout a case study made by the Pacific Northwest
Laboratory to indicate the savingsin the Bonneville Power Administration service area
(BPA) due to aregion-wide implementationof CVR.

The CVR practice of utilitiesand the expected energy savingsdepend on feeder
length and consumer class (residential,industrial, commercia, and agricultural). The
implementation costsof CVR are typically low for short, high-density urban feedersand
quite high for low density suburban and rurd lines. [6]

Two CVR implementation strategiesoften considered are line-drop compensation
regulation (LDC) and V oltage speed reduction (VSR).

* Line-drop compensation (LDC) regulation

Thisinvolvesregulation that keeps the mogt distant portion of thecircuit a some
minimum acceptablevoltage leve (about 114 volts), while therest of the circuit voltage
isleft to vary with load conditions. During pesk demand hours, the substation voltage
can rise to maximum alowable service voltage (126 volts), but at al other timesit would
be somewhat less. During off-peak hours, the entirecircuit would operate near the
minimum controlled voltage. Thus, energy consumptionof end-useload is reduced
because the averagecircuit voltageis lessthan it would be under conventional voltage
regulation.

* Voltage Spread Reduction (VSR)

Thisinvolvesthe compressond the voltagerangeon afeeder. For circuitswith
an adequate voltage margin, VR isimplemented by setting regulation voltage-level
controlsto a narrower than norma range while maintaining required minimum voltage &
the most distant load. For example, by usng VSR to st the voltage on afeeder to the
lower hdf of the+%5 band dlowed by the ANS standard, an average voltage reduction
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of %2.5 isachieved on thefeeder. When used in conjunction with LDC regulation, it is
often possible to implement voltage reductionsin excessof %5 while maintaining an
adequate voltage at the most distant load. The %2.5 reduction in the CVR implementation
resulted from a contribution of % 55by the residential, % 29by the commercial, %14 by
the industrial, and %?2 by theindustrial sectors. Theimplementation costsfor the CVR
applying to Table VI.1 are broken down into the following categories:
Feeders <3miles --TableVI.1(a)
312 miles --TableVI.1 (b)
> 12miles -- Table VI.1 (c)

Cireuits Voltage
(a ; Costfeircuit Volage
) — Beduction (%) ¢ (b) o Clrouits jon (%)
1 Rereguiation 5% Lower 128 57 $150
and LDC 12 Rereguistion 8.0 20 $150
2 Reregulstion 5% Lower 14.0 50 $150 13 Capacitor Additlon 131 20 827,000
3 LoC 313 24 $150 14 Reguietor Addition 14.1 20 $8,000
4 Reregulation 1.2% 17.e 12 $150 15 Regulaior and 1.1 290 $47,000
ower Capacitor Addition
5 Balance Feeders, LOC, 0.8 57 $390 16 Reinsulets 32 20 $155,000
and 5% Reduction 17 Reconductor 50 20 $180,000
8 Balence Faders and 0.7 5.0 $390 "
5% Reduction 18 Combination 12.7 24 $128,000
7 Balance Feeders and 19 24 $350 19 megulnlon and 40 44 8150
Loc
8 Balance Feeders end 11 12 $390 20 Capacitor Addition 6.4 44 $27,000
1.2% Reduction 21 Reguiator Addition 8.9 44 $8,000
9 Capacitor Addition 90 25 $24,800 Voltage Reduction
" 22 Reguletor and 5.4 44 $47,000
. . ,000 " '
10 Regulxtor Addition 8.0 3.2 $8, Capacitor Addition
11 Capacitor and 1.9 3.2 $32,000 .
+ Addition 23 Reinsulets 1.6 44 $155,000
24 Reconductor 24 44 $180,000
(C) Voltage 25 Combination 8.3 48 $128,000
Option Clrcuits (%] Reduction (%) Coseircuit
<8 Reinsulate 435 23 $486,000
Z7 Combination 8.5 25 $703,000

TableIII.1 - Costsinvolved in the implementation of CVR

A CVR resourcein the range of 170 to 268 avg. MW wasestimated to cost 5
cents/kwh as established by the Northwest Planning Council. For the BPA system under
study, for up to 1 cent/kwh, 142 to 230avg. iscalculated which isvery competitive with
other conservation approaches. In fact, the BPA study hasrecognized CVR asthe
foremost plan for aten year period. For larger periodsof time, the Model Conservation
Statndards(M CA) plans are deemed moreoptimal. The effectiveness asfar as the BPA
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system is consdered trandates to energy conservationdf 270 avg. MW at acost o 5
cents/kwh which meetsthe Northwest Planning Council standards.

VLS Useof dectricity pricingasa sgnal tocommunicate messages to consumers

Theam of utility load management schemesi's to encourage mutua cooperation
between consumers and the supply authoritiesin optimizing the processd generation,
distribution, and end use of elecmcal energy. [4] Thissection emphasizes on utility
indirect control over electrical demand. By issuing relevant tariffsto each class of
customers(residential, commercia, and industrial), the consumerscan be driven to ater
their energy use and demand into a more energy efficient plan. In generd, the tariff is
cheap during off-peak periods and expensive during on-pesk periods. Two methods of
achieving this are identified below.

* LP Method

This method involves a two component cost during on-peak hours and aone
component cost during off-peak hours. The on-peak calculation involves capacity costs
as well asenergy costs. During off-pesk hours, the price isonly the relevant energy
costs. Therequired revenueis maintained by attracting more energy consumption during
the: off-peak periods. Thisisaccomplished, for example by employing cheaper pricesfor
water and space hesating during off-peak hours.

* Total SurplusMethod

This method involves a surcharge per kwh during the pesk period. Thissurcharge
isto maintain pesk capacity demand. Again, as with the LP method, thereis a higher unit
price during the pesk hours and alower unit price during the off-peak hours.

The effectivenessof these methodsis difficult to identify since the successof this
planislargely dependent on the socio-economic characteristicsaf the consumer.
Consumerswith better financial means may not see the price reductions as enough
motivation to ater their practices. Nevertheless,in generd this method may have
positiveeffects and lead to savings. The study used as reference did not gpply thisto a
particular case 0 an example of the gpplication of thisideais not presented in thisreport.

V1.6 General conclusons

Peak load is very expensivefor a utility to satisfy ; thus, theload's characteristics
dictate many of the important financial and operational decisions made by a utility.
Many DSM technologiesare amed at reducing fluctuationsin demand during pesk days
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of theyear. Thisreport analyzesthe gpplication of thefollowingmethods of pesk
reduction.
« Pesk demand reduction due to solar water hesters

Summer peak load reduction from the operation of
photovoltaic (PV) systems
Application of conservation voltage reduction (CVR)
for residential, commercid, agricultural inigation,
and industrial consumer classes
Use of eectricity pricingasa signal to communicate
messages to consumers

Usedf solar water heatersiseffective as a peak reduction schemefor commercia
aswdl asresdential (not to the same extent as commercid) use. The study made by the
city of Austin utility shows that aone-timerebate cost of $100-350 to encouragethe use
of :solar water heatersis easly redeemed by the savings expected from the operation of
the system, especidly if the unit's pesk coincideswith the pegk of the utility.

Large photovoltaic systems can function to significantly reduce pesk demand.
The 15kw NMPC PV project discussed in this paper showsalargereduction in pesk
dernand dueto theoperation of the PV system. Thistrandatesto consderable monetary
savingsto the utility, assuming the customary rebatesfor theinstallation of the system
are low compared to the savings expected (a point not addressed in the study).

Line-drop compensation regulation and V oltage spread reduction are discussed as
two CVR measures. Combined use of these techniques can result in up to about %5
reductionin voltage. The study for the Bonneville Power Administration estimates
savingsof 270 average MW & acog of 5 cents/kwh for the implementation of CVR on
this syssem.  Electricity pricing may be an effective techniquein peek reduction if the
consumer group under consideration iswell aware of the message bang sent and seesthe
tariff as enough motivation to changetheir practicesfor more economical rates. Notice
that the successof this method clearly liesin how well the messageis communicated by
the utility as well asthe type and characteristicsof the consumer involved.

—
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Chapter VII
Cost to Benefit Ratioof Demand-Side M anagement Programs
Reid|. Sasaki

VIL1 Introduction

With an increased concern in the nation's environment and natural resources, many electric
utilitiesare involved in integrated resource planning (IRP) to cope with future load growth.
Integrated resource planning invol ves the comparison of demand-sideand supply-side resource
optionsto obtain the most cost-effective resource combination to satisfy load requirements[1].
These demand-sideresource optionsare the focus of demand-side management (DSM) programs
implemented by electric utilities.

There are varioustypesof DSM programs, most of which focuson the reduction and
timing of power consumption by the utility customer. Some examplesof DSM programsinclude
peak-shifting, energy conservation, and the promotion of energy-efficientdevices. The
development, promotion, and implementationof any typeof DSM program have benefitsand
costsassociated with it. These benefitsand costs, which are seen by both the utility and the
customer, are the determining factors to assess the cost effectiveness of aDSM program. These
factorsinclude

* program participation,

* participant adoption of recommended actions,

* dectricity savingscaused by these actions, and

¢ utility and customer costsof the program.

Thevaueof aDSM programis determined by the product of the first threefactorsdivided by the
fourth. Each of thesefactorsis described in detail in thefollowing sections.

VIL.2 DSM program participation

The valueof aDSM program implemented by a utility is highly dependent on the
participation of the program by itscustomers. Program participation is defined as a customer's
use of any of the servicesor technologies promoted by aDSM program. Various DSM programs
must be tailored to cater to theindividual needs of the commercial, industrial, and residential



VIL.2

sectors so that program participation may be maximized. Some of the barriersfacing the utility
when developing a DSM program include a potential participantslack of infonnation of DSM
programs, confidence in DSM technologies, and capital toinvestin DSM technologies. By
removing these barriersand achieving a high penetration of DSM programs, utilitieswill be able
toincrease program participation rates. The program participationrateis defined as the ratio of
the number of participating units to the number of eligible unitsfor the program for a specified
unit of time. The terms used in cal culating program participation rates, namely participating units,
eligible units, and time period, will bediscussed in detail below. The varioustypesaf eigible
marketswill also be discussed below.

* Participating units. The definition of a participating unit is dependent on the type of
DSM program initiated by the utility. For informativeenergy conservation DSM programs that
inform the customer of ways to reduce power consumption without the use of energy-efficient
devices, an appropriate participating unit may be a building, a business, a meter, or an account. In
thiscase, the participating unit selected is dependent on the customer sector that the programis
focused. For instance, the number of householdsmay be used as the participating unit for a
conservation program intended for the residential sector. DSM programs that promote the use of
DSM technologies through rebates (e.g., high-efficiency heat pumps, refrigerators, and lamps),
the number of devices may be used as the participatingunit. Thismay be more appropriate due
to the fact that a building may contain a number of these devices.

* Eligible units. Theeligible unit used for calculatingthe participation rateisidentical to
the participation unit. Compared to the participation unit, determining the number of eligible units
isa much moredifficult task due to the vast number of customers who could adopt DSM actions.
Some examples of methods used to determine the number of eligible units are rnarket surveys,
appliance saturation surveys, building inspections, and salesdata. Note the participation rate,
which isdefined as the ratio of number of participating units to the number of eligible units, is
sensitive to the number of eligible units used. In many cases, the number of eligible unitsis
defined as al of the utility'scustomersin acertain sector. When thisisdone for audit programs,
the participation rate may be conservative due to the fact that the number of customers who could

actually adopt the action is actually smaller than the number of eligible unitsused. Conversdly,
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the participationrate may beartificially high for DSM programsaimed only at the utility's largest
customersdue to the fact that the number of eligible unitsdefined is very small..

* Time periods. The time period used when calculating a participationrateisidentical for
both the number of participating units and the number of eligible units. A one-:yeartime period is
used to calculate an annual participation rate starting from the program’s starting date. A time
period starting from the program's starting date to the present is used to calculate acumul ative
participationrate. Cumulative participationrates are invaluablefor determining overall market
penetration of DSM programs.

* Typesoaf eligible markets. The typesof eligible marketsfor DSM programsinclude
retrofit, replacement, new construction markets, or acombination of thethree. Alternate
definitions for annual and cumulative participationratesfor the retrofit market and the

replacement and new construction market are shown below in Table (VI11.1).

RETROFT
Annual Num icipating unitsin vear i
Number of dligible unitsin year i
Cumulative  Num f icipating units since program inception
Number of eligible unitsfrom program inception that are still eligible
or 1 n T m

Number of eligible unitsin the base year
REPLACEMENT (Appliances, equipment, or new construction)
Annual Number of participating unitsin vear i

Number of appliances purchased (or new unitsconstructed) in year i
Cumulative  Number of participating unitssinceprograminception

Number of appliances purchased (or new units constructed) from year
program started through year i

or Number of unitsparticipating since program inception
Number of eligibleunitscurrently in service
Table(VII.I) AlternativeDefinitionsof Program Participation Rates[2]

When determining the cumulative program participationrate for retrofit programs, two
methodsare used. Thefirst involvesthe useadf the number of eligible unitsfrom the initiation of

the program that are till eligible as the denominator in cal culating the program participationrate.
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This shows the cumulative percentageof unitsthat wereinitialy eligible (fromtheinitial year)
have participatedin the program. The second involvesthe use of the number of eligible unitsin
the base year as the denominator in cal culating the program participationrate. This shows the
cumulative percentageof unitsthat are currently eligible (in the base year) have participatedin the
program.

When determining the cumul ative program participation rate for replacement or new
construction programs, two methodsare also used. Thefirst involvesthe use of the number of
appliances purchased (or new units constructed), from the year the program started through year
I, as the denominator in calculating the program participation rate. This shows the cumulative
percentage of appliance buyers (or the percentageof new buildingsconstructed) that have
participated in the program. The second involvesthe useof the number of eligible unitscurrently
in service as the denominator in calculating the program participation rate. This showsthe
cumulative percentageof high-efficiency unitsin the current stock.

Note that theeligible population for replacement or new construction programs changes
each year,,unlike the eligible population for retrofit programsthat remain relatively constant
(neglecting attrition, or customers dropping out of ongoing DSM programs). This isdueto the
fact that the eligible equipment in replacement or new construction programsmust first depreciate
to the point of replacement. Thus, high cumulative participationrates are obtainable sooner for

retrofit programs than replacement or new construction programs.

VII.3 DSM program participant adoption of recommended actions

The adoption of actions recommended by DSM programsis another factor that affectsthe
value of aDSM program. Measure adoption includes secondary measure adoption, interactions
of measure adoption, free drivers, and participant takeback [3,4]. These will be discussed in detail
below.

+ Secondary measure adoption. Secondary measure adoption refers to any measures
adopted by the participating customer outside of the program as adirect result of the promotion
and incentives. For example, a participatingcustomer may purchase more units of a promoted
high-efficiency device at retail cost than the maximum number offered through a utility rebate
program at reduced cost.
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+ Interactionsof measureadoption. Interaction of measures adoption is defined as the
propensity of customersto purchase and install certain combinationsof related measures
promoted by aDSM program. Some examplesinclude the purchase and installation of
high-efficiency electronic balast and lamps and the purchase and installationof high-efficiency
water heaters and insulation. Ascompared to the adoption of asingleDSM measure, the
adoption of two or more related measureswill lead to an increasein the value of aDSM program.

* Freedrivers. Freedrivers may bedefined as participating customers who take the
initiativeto adopt measures that are not promoted as a part of the DSM program. Thisisaresult
of the programseffect on the awarenessof energy conservation and energy-efficient devices. For
example, acustomer participatingin a high-efficiency heat pump rebate program may also decide
toinstall high-efficiency refrigerators not covered under the rebate program. Another definition
of free drivers includes non-participating customers who adopt DSM recommendation. For
example, aretall store unaffected by the any DSM may decide to stock alarge number of
high-efficiency devicesto sl to the consumer. In both cases, freedriverscontribute to the value
of aDSM program without contributingto its cost.

+ Participant takeback. Participant takeback, sometimesreferred to as rebound or
snapback, isdefined as the changeof the customersenergy use due to the energy savingsobtained
by implementing DSM actions. For example, aresidential customer that reduces their energy
consumption by purchasing a high-efficiency air conditioner may decide to run it longer dueto the
increasein savings obtained from the unit. Although thismay lead to an increasein comfort to
the custorner, participant takeback reduces the energy savings measured when determining the

overall valueof aDSM program.

VIl.4 DSM Program Electricity Savings

There are a variety of waysof evaluating the electricity savingsobtained from a DSM
program. Theseinclude a number ways of defining and measuring changesin electricity use, load
shape, and pesk demand by the customer. The three main factorsin determining the electricity
savingsobtained from aDSM program include the determination of net versustotal savings, the
comparison group, and the measurement method used to cal culate the electricity savings. These
will be discussed below.
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¢+ Net versusgrosssavings. When determiningthe electricity savingsobtained from a
DSM program, adistinction must be made between the net and grosssavings. The gross savings
obtained may be defined as the electricity savingsincurred by dl customers participatingin
utility-sponsored DSM programs. The sampling of participantsthat adopt methods prescribed by
DSM programsincludesa number of customers that would have adopted these methodseven in
the absence of any utility-sponsored DSM programs. The savingsobtained by these customers,
referred to asfreeriders, VII.6 must be subtracted from the gross savings to obtain the net
savings. When thereis adifference between the grossand net savings, the utility will be paying
for some DSM action that would have been installed even if the DSM program,did not exist.

* Comparison groups. Comparison groups are used to determine the net electricity
savingsdue to aDSM program and the extent to which customers modify their energy-use
behaviors after participation in aDSM program. The comparison group may either be a
non-participating group that resemblesthe participating group in the DSM program or the
participating groupitself. When the participating group is used as the comparison group, a
time-seriesdataanalysis (i.e., before and after theimplementation of aDSM action) is sometimes
made. This is often done when asimilar comparison group can not be found, due to thefact that
mog, if not all, customersare participantsof the program under evaluation.

* Measurement methods. There are a number of methodsto determine electricity useand
savingsof aDSM program participant, al of which vary in cost and complexity. The explanation,
advantages, and disadvantagesfor these measurement methods are described in Table (V11.2)
shown on thefollowing page. The most common measurement methods are the use of
engineering cal culations, short-term metering, customer monthly electricity bills, and end-use load
monitoring, al of which will be described in detail below.

Engineering cal cul ations, sometimesreferred to as the technical savings potential,isthe
simplest method of measurement when determiningelectricity savings. It involvesthe calculation
of expected changesin energy and |oads based on the specificationsof the energy efficient device,
the operating patternsof the customer, and the operating conditions. Although engineering
calculations reguire no metering by the utility to determineéectricity savings, they typically
produceresults that are higher than actually achieved and are usually the least accurate of the

measurement methods.
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Approach

Explanation

Advantages

Disadvantages

DSM-action-specific
factors

Standard factorsfor certain
actionsar e determined
beforehand, which form
the basis for estimation.

Very simple, no ambiguity,
very low administrative
cost.

Valid for only some
devices,could yied
estimatesof savings not
realized if factorsare
incorrect or if devicesfall
to perform as expected.

Engineering calculations

Calculations of expected
electricity savings are
performed for each device
in each building, may

(involvesimpleformulasor
computer models.

Simple, no ambiguity, low
administrative cost.

Could yield estimates of
savings. not realized if
calculationsare incorrect
or it equipment fails to

perform as expected.

Periodic measurementsof
electricity use

Monitor electricity use
beforeand after
participation for short
times(e.g., afew days),
also measure other relevant
factors (e.g., operating
hours for egquipment,
heating degree days) fora
longer time (e.g., a year).

Measures el ectricity
savings (both kWh and
kW) for well-defined, short
time periods. Modest ad.

Could yield estimatesof
savings not realized if
measurements taken
incorrectly or at atypical
times, or if building use
change;;. Difficult toapply
to devicesthat are season-
or weather-dependent.

Analysis of monthly
electricity bills

Obtain electricity billsfor a
year beforeand a year after
participation. adjust annual
electricity use for weather

difference between pre-
and post-participation rate.

and other factors, compute (requireslittle primary data

Measures actual changes in
electricity use, permits
adjustment for changes in
weather and other factors,

collection.

Provides no estimate of
demand (kW) reductions.
Analysis of billing data can
yield ambiguous results if
kWh use affected by
changes in facility use
unrelated to devices
installed.

End-use, bad-research
monitoring

Monitor specific circuits
affected by new systemsto
record kW-demand before
and after participation.

Measures actual changesin
electricity use and demand
(kWh and kW) for specific
end usesaffected by
program. CombinekW
information with other data
to adjust for changesin
wegther and other factors.

Most expensiveand time
consuming method. Large
amounts of data require
sophisticated computer
programs and analyst to
interpret. Results may be
affected by changesin
facility use unrelated to
equipment installed.

Table (VI11.2) Methods Used to Measure Electricity Savings Obtained from DSM Programs|[2]

The periodic measurement of electricity use determines the before and after energy

consumption of the participating customer to cal cul ate the savings obtained from a DSM action.
This method requiresthe metering of the affected circuit at least twice, once before the

implementation of aDSM action and once after. The savingsare then determined by calculating
the difference between the two values, which are adjusted for the number of hours per year that
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the systernisin operation. This method is best suited for customersthat have regular operating
schedules and use électricity for many different purposes, such aslargecommercia buildingsand
industrial facilities.

Similar to the periodic measurementof e ectricity demand, the analysisof monthly electric
billsof a customer determines theelectricity savingsobtained from aDSM action by analyzing the
beforeand after energy consumption by the customer. In the case of analyzing monthly electric
bills, recerds are collected for at least one year beforethe DSM action isimplemented and one
year after. The savingsare then determined by analyzing the cumulative difference between the
beforeand after consumption, adjusted for seasonal variationsin energy consumption. This
method is best suited for customers whoseenergy use is dependent on the effects of outdoor
temperature, such asresidential and small commercial buildings.

The most complex of the methods requiresthe end-use metering of the specificloadsor
circuitswhich areimpacted by the DSM action. Similar to the other metering methods, electricity
savingsare determined by end-use metering by analyzing the before and after consumption by the
customer. Although more costly than other metering methods, end-use metering is the most
accurateof all methodsbecauseit is specificto the DSM action implemented and records the
time-of-use. Thismethod is best suited for large buildings where the DSM action implemented
affectsa small percentageof the overall building energy consumption, such as alarge office
building which isretrofitted with high-efficiency water heaters.

VIL.S DSM program costs

The development and implementation of any DSM program involvea cost to the utility,
the participating customer, or acombination of the two. Similar to program savings, DSM
program costs are often incompl ete to accurately access program performance,. These costs are
usually divided into direct costs, or the costs associated with the measureimplemented by the
DSM program, and indirect cost, or the administrativecosts required to devel op, market, and
implement the DSM program [4]. These direct and indirect costs will be discussed in detail
below.

* Direct costs. Thedirect costs associated with the measureimplemented by aDSM

program, G  includefinancial incentivesgiven to participating customers by the utility and costs
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for the purchase, installation, and maintenanceof DSM equipment and systems, which are footed
by the utility, participating customer, or acombination of the two. Note that rebates offered by
utilitiesoften account for the majority of DSM program costs. For example, customer rebates
offered by Central Maine Power Company as a part of acommercial lighting program in 1989
accounted for 85% of the total program costs.

* Indirect costs. The indirect or administrativecostsof aDSM program, C,,;., include
devel opment, marketing, implementation, and evaluation costs, al of which are borne by the
utility. Development costsinclude the costs for market evaluation, load research, creation of the
program concept, and staff development and training associated with preparing: a new program.
Marketing costs, which may be either fixed or variable, include the costs to prepare and
implement the promotion of the program. Implementation costs, which also may be fixed or
variable, include the costs for labor, equipment, and material required to implement the program.
Evaluation costs include the costs for program monitoring and data collection and anaysis.

Thedivision of the cost between the utility and the participating customer depends on the
type of DSM program involved. The cost to the utility, C, istheadministrativecosts, C,, .,
plusafraction of the measurecosts,f x C_,,.. wheref isthe fraction of the measure costs that the
utility pays. The cost to the participating customer, G, isthe remainder of the measure costs, (1
-H XC,_,,- Thisissummarized in Figure (VI11.1). Notethat thereisarelation between the
administrative and the measure costs that are borne by the utility. As the fraction of the measure
costs that the utility paysincreases, the administrativecosts to the utility often [decrease. Thus a
DSM program may be designed wherethe total costs to the utility may be minimized by
determining the optimal mix of administrativeand measure costs.

Thecost of conserved energy (CCE) isdefined as theratio of the total cost of aDSM
program to the total energy conserved by the DSM actionsimplemented. This figureisoften
stated in terms of dollarsinvested in the DSM action per kilowatt hour conserved due to the
implementationof the DSM action. For example, an analysisof 46 high-efficiency lighting rebate
programsaimed at thecommercial and industrial sectors determined the CCE to be less than
$0.02/kWh [5].
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Measure Costs

Crmees

Administrative Costs Financial Incentive
Cedmin fx Cmes

N

Utitity Costs Customer Costs
Cui = (fx Crmeas) + Cadmin Ceust = (1-f) X Cmeas

T~

Conserved Energy Total Costs
A KWh Cica = Ceust + Cuti

\/

Cost of Conserved Energy
CCE = Cioa/ A kWh

|

Figure (VIL1) Cost of Conserved Energy Obtained from aDSM Program [2]

V1.6 Conclusion: Thevalueof DSM programs

The cost to benefit ratio for DSM programsimplemented by utilitiesisdifficult to
accurately access because of the widerange of programsimplemented and the vast number of
variablesinvolved with determining the value of a program. The aspect of accurate datacollection
and analysisalso adds to the difficulty of accurately accessing a program's worth. Nonetheless,
DSM programs have proved themselvesrewardingin termsdf overall dollar figures. The utility
investment and net benefit to both ratepayersand shareholdersfor various DSV programsare
shown below in Table (VII.3).
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Utility Szeof DSMProgram Net Benefit to Net Benfit to
(State) (Year) Ratepayers Utility Shareholders
Massachusetts Electric $37 million $55 million $5 million
(Massachwisetts) (1990)

Pacific Gas & Electric $94 million $156 million $30 million
(Californig) (1990)

Orange & Rockland $9.4 million $12.7 million $2.7 million

(New York) (1990)

PSl Energy $34 million $80-90 million $8-18 million
(Indiana) (1991, 5 year estimate)

Table (VII.3) DSM Program Investmentsand Net Benefits[3]

Asshown in the table above, the implementation of a successful DSM program leadsto
financial benefits to both ratepayersand shareholders. Thesefinancia benefitsreflect an overall
reduction in consumption of energy, which isthe main goa of DSM programs.. Future DSM

programs should focus on the needs of the ratepayer (participating and non-participating), utility,

and society asa whole to achieve successful results.
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Chapter VIlI

Tests of Effectivenessof DSM

D. J. Gotham

VIIL.1 Introduction

When considering a demand-side management program, it is necessary to
consider the cost-effectiveness of participation. Since a DSM prograrn can have vastly
different effects on various individuals or companies, many tests have been designed to
analyze the effectivenessof DSM programs. These tests can be performed from different
perspectives, such as from the viewpoint of the participating customer, the utility, the
general ratepayer, or society as awhole. Most of these tests compare the costs accrued to
benefits gained. These tests include the participant test, the utility cost test, the total
resource Cost test, the ratepayer impact test, the societal test, and the value test 11-31.

A DSM program could easily be beneficial to both the utility and the participant
but could result in higher rate levels for those who do not participate. Another scenario
that could occur is a DSM program that is not cost-effective for the participant, thereby
resulting in low participation levels. An example of this would be a rebate for a high
efficiency product, such as a motor or a lighting system, where the combined rebate and
energy savingsdo not offset the higher cost of the product. Therefore, when considering
a potential DSM program, it is necessary to consider the various tests to determine which
IS appropriate for the situation. It may be necessary to perform more than one type of
effectiveness test. Another aspect that could be considered is the effect of free riders,
which are customers that would participate even without the incentive of the program.

These customers receive benefits from the program, such as rebates, even though they
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would have participated anyway. Also, non-financial effects may be considered. These
externalities may include environmental concerns, worker safety, and quality of life
issues.

This chapter presents several cost-effectiveness tests for DSM programs. These
tests are explained and strengths and weaknesses are explored. All tests included here

compare benefitsto costs to determinefeasibility.
VIII.2 Participant test

As the name implies, the participant test is used as a measure of the net benefit to
the customer taking part in a particular DSM program. The participant test includes only
the costs and benefits that can be quantified. Externdlities, such as environmental
impacts and comfort level, areignored. Thistest providesan indication of the impact on
an average or typical customer and can be used by the utility to gain insight into potential
participation levels.

The benefits considered in the participant test include reduction in the customer's
utility bill, incentives provided by the utility, and tax credits provided by the federal,
state, or local government. It could also include any avoided costs from equipment or
technology that isnot used. Thisistypical of fuel-switchingDSM programs.

The costs used in this test are any equipment purchased by the customer in order
to participate, any increasesin the customer's utility bill, aswell asinstallation, operation,
and maintenance expenses that the participant might have to pay. Charges associated
with the removal of existing equipment also must be considered.

One point in favor of the participant test is that it can be ussd to determine the
lowest level of utility-sponsored incentive necessary to induce customer participation.
Thistest can also be used to indicate the desirability of the program. It can be used by the
potential participant to determine whether it is economically advantageous to take part in

the program.
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A maor weakness of the participant test is its failure to model the complex
process that the customer uses in deciding whether to participate. Customer's often take
into account various externalities when choosing equipment. Comfort level and
reliability are just two of many non-financial aspectsthat play alarge part in the decision-
making process. Since externalitiesare ignored, a certain amount of error is included in
thetest. Also, the possibility of freeridersis not considered.

VII1.3 Utility cost test

The utility cost test is used to determine the effect of a DSM program on the
overall utility costs. The test ignores the effects on customers. Therefore, it is used to
evaluate a program from the perspective of the utility costsand benefits.

The benefits used in the utility cost test include capacity additions that could be
avoided if the programis used. For instance, a DSM program that reduces the peak load
might save the utility the expense of purchasing and installing a new peaking unit.
Additionally, the costs associated with supplying that load is now avoided. These costs
include fuel costs, operation and maintenance costs, potentiad wear and tear on
machinery, and transmission and distribution costs.

The costs that must be considered in the utility cost test include all expenses that
are incurred by the utility if the program is used. These could include administrative
costs, any additional costs associated with increased energy use (for example, valley
filling), and any rebates or incentives supplied to the customer to entice participation.
Additionally, any costs associated with the installation, operation, and maintenance of
utility equipment used in the DSM program are included.

A major point in favor of the utility cost test is the ability to determine the long
term effects on average customer bills. The utility revenues, which are primarily derived
from customer billing, are strongly associated with utility costs. Also, the utility cost test
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is similar to many supply-sidetests and some other demand-side tests. This alows for
easier comparison of various supply-side and demand-side options.

The major weakness associated with the utility cost test is the exclusion of non-
utility costs. A DSM program that passes the utility cost test will not have much of an
impact if it iscost prohibitive to the participant. Furthermore, externalities are neglected

when using thistest.

VI1I1.4 Total resource cost test

The total resource cost (TRC) test is used to evaluate a DSM program from the
perspective of the costs associated with both the utility and the participants. This test is
also referred to as the al ratepayerstest. By combining the utility antl participants, any
payments associated with the DSM program that pass between the utility and the
participants can be ignored. The TRC test can be considered to be a combination of the
participant test and the ratepayer impact test. Free riders and externalities are not taken
into account when using the TRC test.

The benefits accounted for in the TRC test include avoided costs associated with
load that no longer needs to be served, such as energy costs and new capacity
construction. Avoided costs of equipment not used are an additional benefit. Any tax
credits received are included.

The costs associated with the TRC test include any cost paid by the utility or the
participant that is not paid to the other. Possible costs to consider are atl ministrativecosts
and all equipment costs. For load building programs, increased supply costs must be
included.

The mgjor strength of the TRC test is the ability to include the costs and benefits
of both the utility and the participantsin asingletest. It issimilar to other DSM testsand
supply-side tests. Therefore, it can be useful in comparing demand-sitle and supply-side

optionsfor integrated resource planning.
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The TRC test does not include any information about the effect on non-
participants. It is quite possiblethat a test can passthe TRC test while having a negative

impact on ratelevels. The TRC test aso ignoresthe effect of free riders and externalities.

VI1I1.5 Ratepayer impact measure test

Also known as the non-participant test or the no losers test, the ratepayer impact
measure test (RIM) compares the change in revenues for a utility to the change in costs
for that utility. It indicatesthe effect of the DSM program on the rate levels. A program
with an increase in revenues that is larger than the increasein cost should result in lower
rates. Likewise, if the revenueincreaseislower than the cost increase, rates will increase.

The benefits of the RIM test are theavoided costsof supplied energy and capacity,
as well as any increased revenue from load-building.

The costs of this test include additional energy costs for load-building, lost
revenue from load reduction, operational and administrative costs, and any rebates or
incentives paid to participants.

The major strength of the RIM test is that it protects the non-participant from
subsidizing a DSM program in which the non-participant is not involved. Additionally,
thistestisvalid for al typesof DSM programs, which is not truefor other tests.

Since rates are usualy higher than marginal costs, many DSM programs fail the
RIM test. The test aso gives no indication of the feasibility of the test from the
participantspoint of view. Externalitiesare neglectedin thistest.

VIIL6 Societal test

The societal test is an attempt to determine the benefit to society as a whole by

including externalities. It issimilar to thetotal resourcecost test.
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The benefits used in calculating the societal test are the sarne as in the total
resource cost test with two exceptions. First, benefits associated with externalities, such
as reduced pollution levels, are included. Second, tax credits are not included since they
are atransfer within society.

The costs are identical to the costs associated with the total rescurce cost test with
any costs associated with externalitiesincluded.

The strengths associated with the societal test are similar to those of the total
resource cost test. By including externalities, the net benefit to society as a whole is
determined.

However, it is difficult, if not impossible, to put exact values on externalities.
Even if one could place a value on such things as comfort and security, it is quite likely
that not all externalities would be apparent. Furthermore, just because aDSM program is
found to be good for society as a whole does not necessarily indicate that it is good for
each member. A program could pass the societal test but fail another test, such as the

participant test or ratepayer impact test.

V1.7 Vauetest

The value test is a relatively new approach that attempts to measure the effect on
efficiency of a DSM program. It is similar to the total resource cost test in that it
measures the effect on all ratepayers. It differs from the total resource cost test in that it
attempts to include changesin quality. It aso includes the likelihood that a consumer
with alower electric bill may respond by increasing demand. For instance, the participant
may use a high efficiency product more often than its standard efficiency counterpart.
Aclditionaly, the value test includes market barriers, such as unavailability in some areas,
as a cost. Finally, the vaue test includes the impact of rate changes caused by the

program.
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VII11.8 Example

Consider a proposed DSM program. The utility offers a$1000 rebate to industrial
customers who purchase a high efficiency motor costing $8000. The cost of an
equivalent standard efficiency motor is $5000. The caculated amount of energy saved
over the life of the program is 50000 kwhlparticipant at a rate level of'0.07 $/kwh and a
marginal cost of supply equal to 0.05 $/kwh. The estimated value of the emission gasses
that would not be released is estimated to be $500. The utility cost to administer the
program is 500 $/participant. The reduction in the utility's energy production cost per
participant is

(50000 kwhlparticipant) X (0.05$/kwh) = 2500 $/participant.
The reduction in each participant's energy cost is

(50000 kwhlparticipant) X (0.07 $/kwh) = 3500 $/participant.
It is assumed that the reduction in load will not be sufficient to reduce any new capacity
costs. The results of five of the tests are shown inTable VIII.1. While this particular
program passes the participant and utility cost tests, it failsthe rest of the tests.
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TableVIIl.l Cost-effectiveness d example DSV program

Participant

Benefits

Costs

Net benefit
Utility cost

Benefits

Costs

Net benefit
Total resource cost

Benefits

Costs

Net cost
Ratepayer impact measure

Benefits

Costs

Net cost
Societal

Benefits

Costs

Net cost

3500 + 5000 + 1000 = 9500
8000
1500

2500
1000 + 500
1000

5000 + 2500 = 7500
8000 + 500 = 8500
1000

2500
3500 + 1000 + 500 = 5000
2500

5000 + 2500 + 500 = 8000
8000 + 500 = 8500
500
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VIIL9 Summary

Several testsexist to help determine the cost-effectivenessof DSM programs from
various perspectives. All of the tests described here have some strong arguments in
favor of them. However, these strengths come with a price. Each test neglects some
potentially affected segment of society. When evaluating a potential DSM program, one
must determine which test or combination of tests is appropriate for that particular

situation.
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CHAPTER [IX
THE ROLE OF DSM PROGRAMS
IN A REGULATED INDUSTRY

Brian H. Kwon

| X.I Introduction

The electric utility planning processhasoriginally consisted of estimating the future
demand for electricity, then finding the supply-side options to meet the demand. However,
since 1.970'swhen there was energy disruptions, this process became very difficult. The
predictable demand and flexible low-cost supply was simply hard to accomplish. As a
result, people have looked upon managing demand side. This revolution in utility planning
iscalled "demand-side management” (DSM).

Presently, nearly 50 % of the United State's utilities areinto some kind of demand-
side management. And this management applies in general such as large or small, city-
owned or investor-owned across the nation. [1] Demand-side management activities are
those which involve actions on the customer-side of the electric meter, either directly
caused or indirectly stimulated by the utility maintain a balance of electricity supply and
demand in today's uncertain planning climate. Demand-side management programs
includes the activities such as |oad management, conservation and strategic load growth.

Forecating the effects of demand-side program is difficult, however, because we
are uncertain about the engineering characteristics of the hardware and behavioral

characteristics of consumers.
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| X2 General description of DSM.

DSM isrelatively new conceptin utility planning that can be defined as a strategy of
modifying the pattern and level of customer loadsfor the mutual benefitof the utility andits
customers. DSM does not include the changes in the load shape that occurs as a normal
consequence of the market mechanism changes in income levels, industrial production,
weather conditions.

DSM includes programsfor achieving a widerange of load shape objectives:[2]

(1) peak clipping

(2) valley filling

(3) load shifting

(4) srategic conservation
(5)strategicload growth
(6)flexibleload shape

Thefirst three objectives are classic forms of load management programs that seek
toimprove the system load factor. Peak clipping, or thereduction of system peak loads, is
often achieved by direct control of customer loads by utility-directed signals to customer's
appliances. In most application, this direct control manipulates the appliance load by de-
energizing the applianceand returningit to servicein apredetermined duty pattern. Utilities
most often use direct control to reduce peak capacity or the need for peak capacity
purchases, but direct control can also reduce operating costs and dependence on expensive
fuelsthrough usein an economic dispatch program.[2]

Valley fillingisaanother kind of load managementin that it buildsloads in off-peak
periods. This may be useful when incremental cost are less than the average cost of
electricity. Adding load at the proper price can reduce the average cost of electricity to
customers and can improve system load factors. Thermal storageisone of the method that

displaces|oads served by fossil fuels with electricity.[3]
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Strategic conservation affectsend-use consumption so that overall electricity sales
are recuced by altering specific patterns options as what reduction would occur or if the
price increases then what degree of additional stimulation isneeded from utility programs.
Appliance efficiency improvement and insulation programs are some examplesof strategic
conservation.

Strategic load growth producesa general increase in sales beyond any increase from
valley filling. Thisisaccomplished by increasing market share of loads that are served by
other fuels, as well as general economic development. [2]

Another major load objectiveisflexibleload shape, which describes adjusting the
load shape to match supply within system reliability constraints. Load shape can beflexible
enough to conform to system reliability needsif customers are presented with optionsin the

level of service that are willing to accept in exchange for programs.[3]

| X.3 Electric utility regulation

Although, the roots of public utility regulation are buried in the political economy of
the struggle for control of power, a main economic benefits of regulation has been, until
recently, to provide a stable environment for investment in large-scale facilities. The
regulation has the characteristic of an implicit contract between the regulated firm and its
ratepayers. Thetermsof thiscontract has provided insurance for the regulated firm against
changesin factor costs and demand. The firm has the obligation to build new facilities to
meet demand; in return for thisobligation, ratepayersimplicitly agreed to gurantee the firm
areasonablerateof profit.

Recently, there was a new report listing the state commisions that provide
incentivesfor electric-utility investmentsin DSM programming that was published by the

National Association of Regulatory Utility Commissioners (NARUC).
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Titled, "Incentives for Demand-Side Management,” shows in detail where regulatory
barriers to DSM arefaling.

Interest and activity in regulatory barriers and incentives affecting DSM has
increased since 1988. The project was in response to "a growing interest among regulators
for acomprehensivesurvey of developmentsin thisarea."

NARUC passed aresolution in 1988 urging state commisionsto adopt appropriate
methods to compensate a utility for earning lost through the successful implementation of
DSM and seek to make the least-cost plan a utility'smost profitableresource plan.[4]

As a result, some states began implementing mechanisms to siimulate DSM
investment, and many others opened dockets to consider the issues and formulate the
incentive proposal.

According to NARUC, the ideas underlying DSM incentives are obvious.
However, it cautions that myriad issues must be addressed and decisions made in
considering a specific incentive proposal. NARUC commisioned this report in the
expectation that a sharing of up-to-date information will improve regulators and utility
managers understanding of several approachesto and will stimulate further research and
innovationsin thefield.[4]

Table (IX.1) gives asummary of the state regulatory barriers and incentives for
DSM. And hereis how to read information in the summary table.[4]

The "Status' column provides a brief description of the overall status of DSM
incentives. It focuses on two aspects of DSM regulation that figure prominently in state's
efforts to remove disincentives and provide positive incentives for DSM: regulation-
recovery of DSM related lost revenues, and provision for shareholderincentives (earnings)
on DSM. The entry "No Action™ indicatesabsence of formal action to providelost revenue
recovery and shareholder incentives. "In progress’ meansaformal proceeding to consider
providing lost revenue recovery and shareholder incentive is in progress. "In place’

indicates that formal action has been taken to providelost-revenuerecovery.[4]
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Many states have adopted regulatory policies to ater utilities recovery of DSM
program costs. The columns under "DSM program cost recovery™ stresson two aspects of
cost recovery.

The balancing account is the first one and it meansthat the state allows recovery of
DSM program costs through a balancing account. A balancing account is a rate mechanism
that reconciles with interest a utility's collection from ratepayers for DSM to its actual
expenditures. Use of a balancing account ensures that a utility recovers its full DSM
expenclitures. NARUC report that electric utility does not profit by underspendingits DSM
budget.[5]

As a second recovery aspects of program cost recovery, "rate-basing allowed"
indicates that the state allows utilitiesto capitalize and amortize DSM expenditure, and to
earn a return on the investment during the amortization period. NARUC reports that this
practice is often but not always considered advantageous because it accords DSM a
financial status similar to that of supply-side of investment.” [4]

The two columns under the heading of "lost-revenue recovery" indicate which
stateshave established mechanisms that offset the reduction in base revenuesattributableto
DSM programs. Under this headings there are two categories.

The first one is DSM-specific adjustment and it indicates that the state has
established an incentive mechanism under which a utility can recover the estimated amount
of lost base revenuethat is specifically attributableto DSM program.

ERAM-type mechanism is a second category and it means that the state has
established a method that automatically adjusts a utility's base revenue to an authorized
amount. According to NARUC, this approach removes revenue fluctuations caused by

weather and general economic conditionsas well as DSM.
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DSM programcost recovery Lost-revenue recovery :‘!’l:e:folder g;gﬂ?j‘mg:r
Balancing Rate-basing DSM[specific ERAU (type  Incentive incentive
State Status Account allowed adjustment mechanism  mechanism mechanism
Alabama no action
Alaska no action
Arizona in place3
Arkansas no action
California® in place a L] a Share and Pacific: Gas 8 Electric Co
markup San Diego Gas 8 Electric Co
Southern Califomia Edison Co
Colorado in place o Share Public Service Co of Colorado
Connecticut in place 4 [ RB bonus United IlluminatingCo
District of Columbia in place* 4 a Share Potomac Electric Power Co
Delaware no action
Florida in progress ] L
Georgia in progress
Hawaii in progress [
Idaho in place3 L ROE adjustments
1linois no action 9 . a9
Indiana in place? a Share PSI Erergy
jowa in place3 Share
Kansas in place 4 [ RB bonus
Kentucky no action
Louisiana no action
Maine n place L4 a a a Share Central Maine Power Co
Maryland in place ° . L Share Potomac Electric Power Co
Massachusetts! in place ° a ° Bonusiunit Massachusetts Electric
Western MassachusettsElectric
Michigan! in place a a a Bonusiunit and Consumers Power Co
ROE adjusiments
Minnesota in place L4 o5 Northern States Power Co
Mississippi no action
Missouri no action
Montana in place* L4 RB bonus
Nebraska no action
Nevada in progress 4
New Hampshire in place ° 6 Share Granite State Electric
New Jersey in place3 a6 Share and
bonus/unit
New Mexico in progress
New York' in place a ° a a Share and ROE Central Hudson Gas 8 Electric Co
adjustments ConsolidatedEdison Co of NY Inc
Long Island Lighting Co
New York State Electric 8 Gas Co
Niagaa Mohawk Power Corp
Orange & Rockland Utilities Co
Rochester Gas 8 Electric Co
Nonh Carolina in progress
North Dakota no action
Qhio in place3 a L4 Share
Oklahoma no action 4
Qregon in place [ a Share Portland General Electric Co
Pennsylvania in progress 4
Rhode Island in place ° . Share NarragansettElectric Co
South Carolina no action
South Dakota no action
Tennessee no action
Texas in place* d ROE adjustments
Utah no action
Vermont -_in place3 [ L a Share
Virginia in_progress
Washington in placed.” . o ° . RB bonus
West Virginia no action
Wisconsin no action® . a
Wyoming

L

Table IX.1 State regulatory barriers and incentivesfor DSM [4]
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In another column listed is " Shareholder Incentive Mechanism.” There are several
abbreviation used in thiscolumn:
- "Markup" indicates that the utility may receive a percentage markup on certain
DSM expenditures.
- "RB bonus' means that rate-based DSM expendituresare eligibleto earn a greater-
than-normal return on equity.
- "ROE adjustment” impliesthat the utility'soverall return on equity may be
adjustedin responseto qualitativeevaluationsof DSM performance.
- "Share" denotesthe utility may receive a percentage share of benefitsattributable
to DSM program.
- "Bonus/unit" indicates that the utility may receive a specific bonus amount for

each kilowatt through itsDSM program.

|X.4 The role of DSM in regulated utilities

The role of DSM upon utility is very complex. DSM can give opportunities to
reduce cost, improve cash flow, or maintain the viability of electric utility as a business.
DSM affects energy cost; the need for capacity system reliability, spinning reserves and
other operational considerations. It affects including the generation system, transmission
and distribution system.

Many regulatory authorities have been influential in accepting and encouraging
certain types of demand-side management programs, especially those involving
conservation and |oad management. Asaresult, some utilities have active programswhich
called their direct investment in residential energy conservation measure. The idea that
conservation investment might be an economic substitutefor investment in new generating

capacity.[1]

N
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Since the early 1970's economic, political, social, technological, and resource
supply factors have combined to change the utility industry'soperating environment and its
outlook for the future. Many utilitieswerefaced with stagger capital requirements for new
plants,, significant fluctuation in demand and energy growth rate, decling financia
performance, and regulatory. Since then, some of the problems have abated; however,
there were other problems rising. Such as increased concern about the environmental
conseguence.

Due to the above challenges, many regulated utilities turned to demand-side
managements program. These utilitiesrecognize the benefitsof focusing moere attention on
electric-energy services than electricity as a product. Such energy-efficiency and load
management efforts can [5]

1) provide utilies with low-cost energy and capacity resources

2) save money for utility customers

3) improvethe utilitiesrelations with customer because additional services are

offered

4) improve relation with the state Public Utility Commision (PUC)

5) improve environment quality

6) enhance the economic competitivenessof the utility and itsservice area.
Theresidential refrigerator providesa simple example of how electricity savingsoccur as
shown in Fig.(IX.1).[5]

During the 1950's and 1960's, electricity use per unit increased as more features
were added, refrigerator size increased, and manufacturers used cheaper components. In
1972, electricity use per unit has been declining. The average refrigerator sold in 1987
consumed 42 % less electricity then average model sold in 1972. The efficiency
improvements were stimulated by rising electricity prices, greater public awareness of
energy-efficiency options, federal appliance-labeling requirements, and utility program that

provideinformationand financial incentives for purchase of efficient appliances.|[ 5]
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ELECTRICITY USE IN NEW UNITS (kWh/year)
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Fig.(IX.1). An exampleof how e ectricity savingsoccur [5]

However, there are some questions raised, although, many electric utilities pursue
DSM options; Even if abundant, cost-effectiveefficiency improvementsare available but
are not being adopted because of market failure, why should not government be
responsiblefor this?

Electric utilities have been social agents. Their monopoly franchise, active
participationin their commuties, and promotion of economic development all speak to their
sense of public responsibility. Moreimportant, demand-side programsoffer resources that
are often less expensive in $/KW, then supply resources. Thus, this nice-utility program
save money for customers, by lowering overall energy-service costs. In addition, these
demand-side programs provide environmental-quality and risk-reduction benefits not
available with power plants.[5]

Also, electric utility havelong-standing relationshipsand mostly contacts with their
customers. Utilities are generally highly regarded as sources of reliable and credible
information on efficiency options. As a result, utility should calculate and benefits of

changes in customer load shapes and level.
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However, utility are not always the best agents to overcome market barrier that
prevent adoption of cost-effective efficient improvement. New building and appliance
improvement can be achieved mostly by regulatory standards that mandate minimum
efficiency levels. Utility can play important supporting role, and often influential in state
legislaturesand can use thisinfluence to encourage adoption of meaningful standards.

The National Association of Regulatory Commissioners Energy Conservation
Committe recently adopted aresolution stating that a " utility'sleast-cost plan for consumers
should be its most profitable plan. However, because incremental energy sales increase
profits, traditional rate-of return calculations generally provide much lower earnings to
utilitiesfor demand-side sources then for supply-side resources. Therefore, the committee
has begun to explore alternative regulation mechanism that would compensate utilitiesfor
revenues lost though the successful implementation of DSM program and perhaps reward
utilities that run exemplery DSM programs.[5]

Utilities and their regulatory commisions, however, had not work together on
revising the "regulatory compact" with respect to resource planning, acquisition, and
financing. Agreement should be reached on the appropriate economic tests to use in
assessing DSM programs, and on whether DSM-program costs should be capitalized or
expensed, so that dl regulated utilitiescould participatein DSM-program.

However, PUC are encouraging utilitiesto experiment on asmall scale with DSM

program, and not penalizingfor inevitableor small failures.[1]
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IX.5 Conclusion

| have briefly introduced what isDSM and have listed someincentives and barriers
that regulated industry hasin order to adopt DSM program. | also briefly described therole
of DSM in regulated industry.

Theelectric utility can play aimportant rolein realizing thelarge potential to save
energy and peak demands. As aresult, it is morally wrong to waste any energy. In that
case, the regulatory agents will not tolerate their failure and the utility will not get thefixed
profit. However, some of the regulatory agentsreward utilities (i.e. increase earning) who
has done the successful implementation of DSM program by running exemplery DSM
program.

The concept of demand-side management must be an integral part of utility'soverall
planning asit approaches the uncertainties of the future. Demand-side management isone
of the powerful program to be utilizedin the optimization of thisindustrial resources, and
each utility should remain dedicated to its application wherever and whenever benefitsare

indicated.
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