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(ABSTRACT)

Residential demand is a large and important factor of the utility load during the system
peak period. And the control of residential demand can make a significant change to the
system load of the utility. This research is designed to study the residential end-use
appliances under various direct load control schemes. These appliances are water heaters,
air conditioners, and space heaters which are the major electrical demand of the residential
load. The study will apply the LOADSIM, an Electrical Power Research Institute (EPRI) load
simulation program, to conduct load control strategies of these residential appliances. The
LOADSIM program can be applied both for cycling and shedding control strategies during a
specified control period. In this study, the cycling control is done on air conditioner and space
heater. The water heating control is performed under shedding strategy.

The research has studied the appliance use of four house types under the same weather
and control conditions. A total of 100,000 houses have been used in the study. These houses
have the same dwelling and appliance characteristics but their house insulations are different.
Diversity in house insulations gives different results in terms of load reduction and
temperature change due to the load control. For example, a better-insulated house demands
less electricity for its appliance than a low-insulated house. This study also uses the
EPRI-LOADSIM program to estimate the load reduction and temperature change of each

house type under the load control.
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CHAPTER |

INTRODUCTION

1.1 PURPOSE

Load management devices and techniques have been existence in the United States for
over a decade. The principal objective of load management is to modify the end-use load
characteristics and to reduce the system load during the peak period or when the high priced
fuel is burned. Many utilities have spent lots of money to consider the simulated techniques
for load management. And one of these techniques leads to the computer simulated program.
Predictions of load shape modifications have major influence on program designs.

The LOADSIM, an end-use load model, was developed under contract to the Electric
Power Research Institute (EPRI) as an aid in evaluating load management technology [1]. The
EPRI-LOADSIM program can predict the load profiles for one particular home under a
specified set of conditions. The LOADSIM also estimates the load reduction and temperature
change inside the house during the controllied period.

The study has been carried out under following assumptions:

1. There are four house types used in this research. Each house type has the same size but
the house insulations are different. Details about house insulations are presented in

Chapter IV. A total of 100,000 houses is used in the study.

2. Each house type has an air conditioner, a space heater, and a water heater. And each
of these appliances has similar characteristics. Air conditioner and space heater are

under cycling control. Water heater is under shedding control.

3. Residential load is a large and important load of the utility during the system peak period.

The residential load is typically about one-third of the peak-period demand and about



one-third of energy sailes [4]. This research is intended to study the effect of load control
schemes on the system peak load. Therefore, the controlled time is always during the

system peak period.

The purpose of this research is to used the LOADSIM model to study the residential
demand under various load control strategies. The results of this research show the effects

of house insulations and control intensities on the electrical demands of all house types.

1.2 ORGANIZATION

Residential load management techniques are discussed in the next chapter. It is specified
on water heating, air conditioning, and space heating load controls. Chapter lll describes on
the LOADSIM package. Methodology and study cases of residential load management are
presented in Chapter IV. Chapter V covers results and discussions of the study cases.
Conclusions and recommendations of this research are in Chapter VI. Chapter VIl lists all the

references.



CHAPTER 1l

LITERATURE REVIEW

In recent years, utilities in the United States have unfortunately faced two major problems,
system generation expansion due to the growth of customer’'s demand and fuel price
escalation. Even though the alternate energy plants such as photovoltaics, wind energy
conversion system, and small hydro power have been introduced to relieve the system load
during the peak period, it is not adequate for system security because these alternate energy
plants may not run during some part of the day. When that time is the same as system peak
load, the utilities may be in a severe situation. Expanding the system generation to meet the
demand and running the oil generation to serve the peak load are not the economical result.
This has led the electric utility industry to look for other techniques to control and/or manage

the customer’s load.

2.1 LOAD MANAGEMENT

Load management is the control of customer loads by altering the shape of annual,
seasonal, or daily load profiles [2]. The basic idea of most utilities to reshape the system load
is to reduce the customer appliance use during the peak period or to encourage them to shift
the time of use to the off-peak period. The success of any utility’s load management depends
on the degree to which the load can be controlled during the period of system generation
shortage or during the period when high priced fuel is burned. However, the best load control
strategy is to obtain as much load reduction as possible while still meeting the needs of

. customer’s demand and having the recovery load appear during a desited or off-peak period.
Utilities are expecting to derive one or more of the following benefits from load

management techniques: (3]



1. System load reduction;

Production cost and fuel cost savings;

Reduction of new system generation and/or deferment of planned capacity addition;
Decreased operating expenses;

Increased off-peak energy utilization and system load factor; and

o o A W N

Increased system reliability.

Figure 1 shows several objectives that load management can be used to change end-use

and system load curve, these basic objectives are :
® Load shifting
®  Peak clipping
® Peak shaving

e Valley filling.

However, these objectives may have different impacts on energy and demand as shown
in Table 1.

Load management may be aypplied to each class of customers - residential, commercial,
industrial, and agricultural. Loads mostly considered by utility for load management are given
in Table 2.

Detailed description of commercial, industrial, and agriculture load management will not
be discussed beyond this point. The research will be focused and concentrated on the

residential load management.
2.2 RESIDENTIAL LOAD MANAGEMENT

Residential load management is one form of load management available to utilities and it
addresses a large and important load. The residential load is typically about one-third of the
peak-period demand and about one-third of energy sales [4]. Changes in the load
characteristics of this customer class may have a significant impact on the utility system load

curve. Load management in residential class has its greatest potential in modifying the load



Load shifting

Peak shaving

Valley filling

Figure 1. : Load Shape Objective. [Source : Reference 4]



Table 1. Load Shape Objectives and Effects.

Load Reduce Move Increase Conserve
management peak energy and off-peak energy
method demands demand energy
Load shifting X X - -
Peak clipping X - - X
Peak shaving X X - -
Valley filling - - X -
Combination X X X X

[Source : Reference 4]




Table 2. Customer Loads Most Often Considered For Load Management

Residential Commercial

- Water heaters - Water heaters

- Air conditioners - Air conditioners

- Space heaters - Space heaters

- Swimming pool pumps - Nonessential loads
Industrial Agriculture

- Nonessential loads - Irrigation
Municipal

- Water pumping

[Source : Reference 5]




characteristics of some of the larger electric loads found in homes. Typically, about 75 percent
of annual residential energy use is for:

®  Air conditioning;

® Space heating;

e  Water heating.

Although load management can be applied to other end-use loads, these three
appliances are the largest uses in most homes and the ones most amenable to influence by
load management. These particular loads also have a large demand at the time of the system
peak as well as large energy use throughout the day or season. To understand the residential

load management, the strategy of load control techniques should be discussed.

2.3 RESIDENTIAL LOAD MANAGEMENT TECHNIQUES

There are two main categories of load management techniques, new load management

appliance and load control of existing appliances.

New Load Management Appliance

These appliances are used by customers to take an advantage of incentives offered by
utility rate structure. They are usually acquired and owned by the customers with no up-front
payment or initial investment by the utility. These new load management appliances include
energy storage devices and dual-fuel furnaces [6].

Energy storage devices are used to fulfill energy needs during peak-load hours with
energy stored from the off-peak hours. The overall effect of energy storage is to shave the
~ system peak load and to increase the system load factor. When storage devices are properly
sized, the customers are not inconvenient or subjected to discomfort, even though the utility

may control the storage units. Energy storage equipments are available for space heating,



air conditioning, and water heating. These three types of energy storage systems are

conceptually similar but the technologies utilized to implement them are very different.
Dual-fuel furnaces are household units that can use both electricity and fossil fuel.

Electric energy is used for heating throughout the heating season for all, but a relatively few

hours during the peak electrical period when fossil fuel is used to provide the heating.

Load Control of Existing Appliances

Control technologies effectively inhibit operation of selected appliances for part or all of
the control period in order to reshape the daily load profile. These types of technologies may
be implemented in three different categories - local load control, distribution control, and
direct load control.

With local load control, all of the control decisions are determined by local decision-logic
devices located on the customer premises. Locally sensed or provided data is used by the
local decision-logic device to aid in determining control actions. Communication links between
the utility central control station and customers are not required, and the utility has no
real-time control or influence over the local decision-logic unit and the control procedures it
uses. Local control devices include clock timer switches, temperature sensing controllers,
photocontrollers, and load levelers. The customer is able to acquire and use any type of these
devices he desires and believes in the best interest to use to take advantages of the rate
structure and agreements under which he receives electric service.

Direct load control involves inhibiting and enabling selected customer appliances
through a commuﬁicatipn system linking the utility control center with the customer. Direct
load control most often includes the scheduling of water heater and the duty-cycle limiting of
air conditioners. Water heaters are usually inhibited for one to four hours during the peak
period while air conditioner are typically inhibited for 7.5 minutes during each half hour during
the utility peak period [4]. Direct load control can cause customers some inconvenience

and/or discomfort. Interior household temperatures may rise as air conditioners are turned



off, and hot water may become depleted during the peak period. Therefore, the utility must
offer monthly monetary incentives to the customers. Direct load control actions are under the
full control of the utility since all control decisions are made at the utility central station
without any action of customers and without the use of any locally-acquired information.

Distributed load control is the combination of direct load control and local load control.
Under the distributed control, some of the control decisions are made at the utility central
control station and communicated to the control switch on the customer premises through a
remote control system; the remaining control decisions are determined by logical devices
located on the customer premises. Logically sensed or provided data may be used by the
local logic device to aid in determining control actions.

Direct load control is, at present, the dominant form of load control. Next section will
discuss on the types of residential load that are mostly considered to be managed by utility.

These types are water heating load, air conditioning load, and space heating load.

2.4 WATER HEATER LOAD MANAGEMENT

Water Heater Load Characteristic

Water heater control is the oldest of the load management techniques widely practiced
in the United States. For many years, electric utilities used time clocks to turn customer water
heater on/off, and thus performed a type of load management without central utility control [4].
Water heating control today is usually done through the use of remote communications to

directly control the customer device.

Electric water heaters usually have an upper and a lower heating elements. The water
heater characteristic is shown in Table 3.

Diversified residential water heater loads generally have two daily peaks, one in the
morning and one in the evening. During the winter, these peaks tend to coincide

approximately with two system peaks occurring at these times, which are caused in large part
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Table 3. Water Heater Characteristics

Average Minimum Maximum
Water Capacity 50 40 80
(gallons)
Electrical Capacity 4.2 3.0 5.0
(kilowatts)

[Source : Reference 4]
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by electric water heater and space heating demand. Water heater energy consumption varies
with the season of the year. This occurs because water-use patterns changes, and also
because ground water temperatures change. Ground water temperature changes can have a
great effect on energy use, and on the potential for load management. Suppose that the
water-heater thermostat setting remains unchanged at 160 degrees Fahrenheit throughout the
year. The average winter and summer ground water temperatures are 54 and 72 degrees
respectively. Then, assuming the consumption patterns and tank losses are the same for both
seasons, it takes 20 percent more energy to provide hot water in winter than in the summer

(4].
Water Heater Control

The direct load control of water heaters is done using the scheduling strategy. Water
heaters are turned off for a periods of time from two to six hours during the peak period.
Staggered control strategies are necessary when the duration of the peak period is longer
than the duration of control acceptable to customers. The technologies and costs are not
significantly different from air conditioners. The operating procedures, however, are very
different. Many utilities use the same communication system and receiver to control both
central air conditioners and water heaters, but a few utilities also control space heaters.

The average load profiles for control periods of 2, 3, 4, and 6 hour control durations are
shown in Figure 2. The load profiles with direct load control show a large payback effect as
electricity use, deferred during the peak period, is used after the peak period ends. This
payback demand, which is often larger than the diversified uncontrolled peak load, can cause
severe problems if it is not recognized in developing control strategies. When recognized,
however, it is‘readily handled by staggering the times at which the water heaters are restored
to service. The estimated load reductions for thirteen residential electric water heater direct

load control programs are presented in Table 4.

12



‘ Figure 2. :
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Water Heater with 2, 3, 4, and 6 Hour Control Durations.
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Table 4. Load Reduction by Season for Water Heaters

Utility Test years Reduction Reduction Peak Hour
Winter Summer

AEP 78-79 0.71-0.85 0.35-0.55 9:00am
CP&L 81 1.13 0.33 8:00am
FPC 77-79 0.88 0.48 8:00am
FP&L 79-81 0.85 0.50 7:30am
PG&E 82 0.41-0.54 N.A. 4:00pm
PEPCO 78-79 N.A. 0.54 4:00pm
SRP 80-81 0.48-0.81 0.05-0.11 6:00pm
SDG&E 81-82 0.30 0.30 2:00pm
SCE 76-77 0.60 0.35 1:.00pm
TECO 81-82 1.00 0.40 8:00am
TVA 79-81 1.40 0.39 8:00am
VEPCO 79-80 0.80 0.35 4:00pm
WEPCO 76 0.80 0.75 2:00pm

[Source : Reference 7]
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The wintertime load reductions range from 0.41-0.54 KW per point to 1.4 KW per point.
The summertime peak load reductions are lower, ranging from 0.3 KW per point to 0.75 KW.
This table also shows that winter load reductions are substantially greater variability. This
variability is due, in a large part, to the coincidence of appliance and system season peaks.
Most of the winter peaking utilities in Table 4 experience winter peaks of steep short duration
during the morning hours. These seasonal system peaks coincide with the daily winter peaks

of water heating, yielding a significant load reduction.

2.5 AIR CONDITIONING LOAD MANAGEMENT

Air Conditioning Load Characteristics

Residential air conditioning is a major contributor to system peak demands in
summer-peaking utilities, usually peaking within a few hours of the system peak demand. In
utilities with only a small commercial air conditioning load, the residential and system loads
tend to peak at the same time, with the time difference increasing as the commercial air
conditioning load increases. Figure 3 shows system and air conditioning load curves with the
peaks occurring at the same time. Depending on local use patterns and weather
characteristics, residential air conditioning loads may be nearly flat for as long as ten or more
hours a day for several days during the cooling season.

The name plate load is the rating of the air conditioner load as specified by
manufacturer. The actual instantaneous load, however, may be more or less than the name
plate rating. This occurs because of changes in evaporating and conditions from rating
conditions, and because voltage levels on days when the air conditioner is used are
sometimes less than the nominal value because of heavy utility line loadings. The Detroit
Edison Company reports measured full running loads ten percent lower than the manufactures

nameplate data [4]. The typical connected loads of air conditioners are as below:

¢  Minimum connected load : 1.5 KW

15
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e Average connected load : 4.9 KW

e Maximum connected load : 8.4 KW.

These wide ranges of connected loads are due in part to the range of dry- and wet-bulb
temperatures used for design criteria in the utility service area.

Even though the average diversified load of all air conditioners in use at any time on the
design day is less than the average of the connected nameplate loads, it can be reduced
further on other days because air conditioning requirements are less and some air

conditioners may not be used at any particular time.

Air Conditioner Control

Direct control of air conditioners can be accomplished by the duty-cycle limiting strategy.
The duty cycle is the percentage of time that the air conditioner compressor is operating. The
duty cycle is usually calculated using average use over a one-hour period. The duty cycle
varies with house size and type, solar insolation, and several other factors. Criteria for
determining when to apply direct control vary widely. Some utilities use it whenever an
imminent need for it exists, others on regular basis to accustom customers to its presence,
and other utilities only as a last resort when all other control and operating options have been
exhausted. Some utilities use load following control, varying the intensity of control or the
number of customers controlled with the time of day or magnitude of the system load. This
permits maximum control when needed, while avoiding unnecessary control at other times.
Figure 4 shows the load curves for cycling intensities (percent of time off during each half
hour) of 25, 35, and 50 percent respectively. Each curves shows the reductions of the load and
payback enefgy at different cycling intensities. The load change of the air conditioners due
to direct load control, measured as the average coincident load reduction at the time of the

system peak, varies widely, ranging from 0.5 KW to 2.0 KW per household.

17
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Figure 5 shows air conditioner load characteristics as a function of daily maximum
ambient temperature. This curve is important because it shows special effects at both low and

high temperatures. These specific effects can be concluded as: [4]

e Few customers use air conditioners at moderate temperatures and humidity. These are
on during very-hot days, or mid-day on a warm day. These air conditioners have
individual duty cycles much less than 100 percent. The terms very-hot and warm-day are
relative and correspond to different temperatures for different utilities depending on local

weather patterns.

e As the temperature and humidity rise, air conditioning demand increases very linearly
with temperature. This occurs as customers manually turn their units on, or as thermostat
set points are reached. Most air conditioners operate in this temperature range with duty
cycles less than 100 percent, though some undersized units will have a natural diversity

of 100 percent under these conditions.

e  For very hot temperatures, the demand increases slowly with temperature suggesting that
most units have a natural diversity of 100 percent. Only a few units are still operating with
duty cycles of less than 100 percent and can increase their duty cycle as temperatures
and cooling requireme'nt increases. These air conditioner load characteristics have
important consequences for load management technologies, their operation, and their

load characteristics.

2.6 SPACE HEATING LOAD MANAGEMENT

Space Heating Load Characteristics

Electric space heating is used primarily where oil and gas are not readily available, or

their use is not desirable. Space heating loads are shown in Figure 6. Typically, the

19
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residential space heating peak occurs in the early morning. The characteristics of curve in
this figure must be noted when evaluating load management technologies and operating
strategies. There are different types of space heating, and each has a different potential for

control. The major types of electric heating are: [4]

& Electric furnaces are central units using direct heating, and distributing air throughout the

house by ductwork. The same ductwork may be used for air conditioning.

¢ Baseboard units provide direct electric heat separately in various parts of the home.
There may be several different heating elements, each on a different circuit, and

operating independently of each other with their own thermostats.

e Heat pumps are central equipment which is used to provide electric heating much more

efficiently than is possible with direct electric heating.

Approximately twenty percent of the electric utilities in the United States are winter
peaking. Load management for winter-peak utilities has not been the subject of as much
discussion and interest as load management for summer peaking utilities; however, this can
be changed as utilities report an apparent trend for an increase in the percentage of winter

peaking utilities [4].

Space Heating Control

Duty-cycle limiting has been investigated by utilities because they are relatively
inexpensive to implement as compared with thermal energy storage technologies.
Implementation of these strategies requires only the addition of controls to existing heating
systems. These strategies, while successful for other end-use loads, have not proven
satisfactory for space heating users because space heating has a low natural diversity and

because interior temperature drops for extended control periods are excessive.

21
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In the case of air conditioner control, the change in cycling will result in the rise of
internal room temperature. In the heating system, the cycling control will cause a drop of
internal room temperature. This poses a particular problem in terms of customer tolerance
of control since it is reasonable to assume that a customer would rather tolerate the
temperature degradation in summer than in the winter. And it is possible that the overcontrol
of space heating may cause the potential health hazards. Buckeye Power Company has found
out that a 65 to 75 percent cycling strategy is needed to obtain a load reduction [4]. During a
three hour cycling control period, a five-degree drop in the interior temperature was typically
experienced. This result is not acceptable to both the utility and the customers.

In Figure 7, a space heater control of 25, 33, and 50 percent cycling of a house is
shown. Table 5§ also demonstrates the interior temperature change and load reduction of that
house. The control cycling of 50 percent can reduce a 2-KW use of the space heating , but the
interior temperature has dropped down 5 degrees Celsius from the temperature setting (20
degrees Celsius). So this cycling intensity is very severe because the customer may not
tolerate that temperature degradation. in the 33 percent cycling, 0.15 KW can be reduced and
the interior temperature drops by only 0.62-degree from the set point. The customer would
be satisfied by this cycling control but the utility may not be because that load reduction is not
significant and the utility may not receive any benefit at that level of load control. The 25
percent cycling has shown no load reduction, so the utility is not interested in that load control

level.

23



16'0 ] 1 I 1 ¥
[ 9 F] LOAD W/0 CONTROL
F @ & 50 PCT. CYCLING
14.0 FaA— A 33 PCT. CYCLING
e + 25 PCT. CYCLING
12.0 -
z [
o L
—~ 10.0 F
"~ -
Q [
g L
T 8.0 -
z b
o [
© s.0F
= C
X S
40F
[
2.0F
00 8 L | 1 1 ]
0 4 8 12 16 20 24
HOURS

Figure 7.

: Space Heater Control of 25, 33, and S0 Percent Cycling.

24



Table 5. Control Strategies for Space Heating Loads.

Method Reference Max. Load Max. Temp
Peak Reduction Change
(KW) (KW) ©
25% cycling 7.33 -0.00 -0.00
30% cycling 7.33 -0.15 -0.62
50% cycling 7.33 -2.08 -5.00

25



CHAPTER il

LOADSIM MODEL

3.1 GENERAL DESCRIPTION

The major difficulty utilities have in evaluating the viability of load management is in
determining how hour-by-hour loads will be affected due to load control. To address this
issue, System Control, Inc., under Electric Power Research Institute (EPRI) sponsorship,
developed an end-use simulation model called Load Simulation (LOADSIM) [1]. The concept
of the model is to simulate in detail the change in loads to be expected from residential load
management and conservation.

The Load Simulation (LOADSIM) program is an end-use simulation model of the
transient heat transfer and gain of a residential dwelling and/or water heater. LOADSIM has
been originally designed to permit the user to assess the effects of HVAC appliance control
and/or conservation measures on dwelling temperatures and HVAC electric load. LOADSIM
is a modified version of “A Transient Simulation Program” (TRANSYS), a residential heat
load/solar simulation model developed by the University of Wisconsin for the Department of
Energy (DOE) [1].

The LOADSIM computer program can be used to develop load profiles of various
residential classes with and without load management. The computer model can be used to
simulate the load characteristics of a single house, a group of houses of the same type or the
diversified load of an entire residential section of a utility. It has been tested for air
conditioner, central electric heating, water heater, heat pump, and ceramic brick heat storage
[8]. Figure 8 depicts the logical framework for use of LOADSIM.

When LOADSIM simulation results are properly validated against field data, it provides a

powerful mechanism for simulating a large number of load management strategies, and to
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predict the short and long term impacts of ioad management strategies on customer comfort
and utility load shape, aggregated at the distribution system level.

LOADSIM consists of two main subprogram, PROFILE and LDSHPE. PROFILE simulates
appliance load demands for a single house. LDSHPE develops a singie house load shapes into
diversified appliance load profiles, and determines the impact of load management on system

loads. Figure 8 also shows the linkage diagrams between PROFILE and LDSHPE.

3.2 PROFILE

PROFILE is a subprogram of LOADSIM. It provides a computer simuiation of the transient
heat transfer and gain of a residential dwelling. PROFILE is structured as a hierarchy of
computer programs that are called at various stages of a run. The main program of PROFILE
consists of four major subroutines, PROC, CLOCK, EXEC, and PRINT. PROC subroutine will
read in the data needed to run the PROFILE. It also checks whether the data can be accepted
or not. Subroutine CLOCK contains the time clock and resets the timer for PRINT. EXEC is one
of the major subroutines, it calls the component models or types that represent the dwelling,
the weather, and the HVAC devices in a specified sequence. It checks the input/output
connections for convergence. Subroutine PRINT will provide the output from EXEC in the form
of graph and/or data. Figure 9 shows the linkage of modules for dwelling HVAC unit simulation
which is commonly used in PROFILE. Subroutine PROC is called once per simulation. CLOCK
and PRINT are each calied once a timestep; on the other hand, EXEC may be called many
times during a timestep.

Data needed to run the PROFILE consists of 4 inputs [8]
1. Dwelling Characteristics

¢ Geometry

®  Orientation

e  Wall Construction

¢ Roof Construction

¢ Insulation Level
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® Window Areas

End-Use Appliance (e.g. Air Conditioner) Characteristics

e Efficiency as a Function of Wet and Dry-bulb Temperature
e Size

Customer Behavior

¢ Thermostat Setting

o  Shut-off Schedule

Weather/Solar Data

¢ Wet and Dry-bulb Temperature

¢ Wind Speed

e  Solar Radiation

Example of the PROFILE input data - dwelling characteristics, end-use appliance

characteristics, and customer behavior is presented in Appendix A. The description of this

example input data is also in this appendix.

PROFILE provides significant flexibility in handling the various types of appliance control

strategies to be expected. These include : [8]

No Control

Cycling Control

e Varying Control Periods

® Varying Cycling Strategies

Optional Saturday and/or Sunday No Control
Customer Switch-off Times

Adaptive Thermostat

¢ Ramping

e Setback.

Table 6 shows the household appliance load data file that is created by PROFILE. This

file consists of 24 records per day in the study period. The zero-hour record is the initial data

input. The output format of this table is listed below:

[

Column 1 is the hour number ( 0, 1, 2,....24);
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Column 2 is the total appliance load (KW);

Column 3 is the ambient temperature;

e Column 4 is the indoor temperature,

& Column 5 is the water heating load (KW); and

e Column 6 is the space heating or air conditioning load (KW).
3.3 LDSHPE

LDSHPE is a post-processor of PROFILE. It is used to facilitate the diversification

procedure. LDSHPE is a subprogram to create many functions, as follows:

1.

Create hourly diversified appliance loads based on PROFILE simulation results of up to

ten house types.

Give an hourly system load that is modified by appliance control.

Optionally generate tabular daily and monthly data regarding statistics associated with
baseline and modified system loads, baseline and modified appliance loads, ambient

temperature, and household temperature.

Optionally print or plot hourly appliance of system load data.

Optionally produce Edison Electric Institute (EEl) formatted data for system and/or

appliance loads.

The general schematic of how LDSHPE interfaces with PROFILE is shown in Figure 8.

LDSHPE contains four major basic block diagrams, DINPUT, CMPUTE, REPGEN, and EEILOD.

DINPUT reads in all the input values. CMPUTE generates the new system and diversified load

shapes. REPGEN generates reports and tables of all daily and/or monthly outputs. EEILOD

writes out the various load shapes in EEl format.
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Table 6.

.0000
1.0000
2.0000
3.0000
4.0000
5.0000
6.0000
7.0000
8.0000
9.0000

10.0000
11.0000
12.0000
13.0000
14.0000
15.0000
16.0000
17.0000
18.0000
19.0000
20.0000
21.0000
22.0000
23.0000
24.0000

.000E +00
2.624E +00
4.523E +00
5.649E +00
6.463E +00
7.050E +00
7.488E +00
8.174E+00
8.552E +00
8.667E+00
8.605E +00
8.260E + 00
7.691E+00
7.289E+00
6.839E +00
6.433E +00
6.178E +00
6.158E +00
6.281E+00
6.768E +00
7.229E +00
7.676E +00
8.045E +00
8.234E +00
8.090E + 00

Example of PROFILE Output.

-1.712E+00
-2.412E+00
-3.349E +00
-3.715E+00
-3.995E +00
-4.389E+00
-4.440E +00
-4.685E +00
-4.475E+00
-3.469E +00
-2.727E+00
-1.781E+00
-1.180E +00
-1.385E-01
6.125E-01
1.426E +00
1.652E +00
8.215E-01
-1.129E +00
-2.116E+00
-3.181E+00
-3.820E+00
-3.890E + 00
-4.012E+00
-4.030E +00

2.000E + 01
2.000E +01
1.999E +01
2.003E +01
2.003E +01
2.002E +01
2.002E +01
1.999E +01
1.995E + 01
1.993E +01
2.004E + 01
2.006E +01
2.001E +01
2.001E+01
2.001E +01
2.001E+01
2.000E + 01
1.997E +01
1.995E +01
1.898E +01
1.999E +01
2.000E +01
2.001E+01
2.001E +01
1.999E +01

.00CE + 00
1.599E-01
3.839E-01
5.098E-01
5.738E-01
6.136E-01
6.311E-01
1.063E +00
1.301E +00
1.333E+00
1.271E+00
1.238E+00
1.173E+00
1.106E +00
1.058E+00
1.014E +00
9.983E-01
9.781E-01
1.054E +00
1.161E+00
1.217E+00
1.231E+00
1.231E+00
1.196E +00
1.051E+00

.000E + 00
2.464E+00
4.133E+00
5.151E+00
5.904E +00
6.442E +00
6.857E +00
7.111E+00
7.250E +00
7.334E+00
7.334E+00
7.022E +00
6.518E +00
6.183E +00
5.781E+00
5.418E +00
5.180E +00
5.180E +00
5.227E+00
5.606E +00
6.013E+00
6.445E +00
6.814E+00
7.039E +00
7.039E +00
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The following inputs are needed for LDSHPE :

System load data;

Number of house types (up to ten types) and number of houses in each type to be studied;
PROFILE simulation uncontrolled load (appliance on all day) files for each house type;
PROFILE simulation uncontrolled load (appliance on part day) files for each house type;
PROFILE simulation controlled load (appliance on all day) files for each house type;
PROFILE simulation controlled load (appliance on part day) files for each house type;
Busbar loss factor of each month;

Arrival and departure time of occupants for each type;

Fraction of occupants operating appliances all day; and

Fraction of occupants leaving and arriving home early and late.

LDSHPE can generate output tables, monthly and daily tables. Table 7, monthly table,

summarizes monthly load and temperature information on a per month basis. The table gives

the control strategy assumptions including:

=N
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©

Maximum daily ambient temperature;

Load factor of baseline system load;

Load factor of modified system load;

Payback ratio;

Baseline system load peak;

Hour of baseline system load peak;

Modified system load peak;

Hour of modified system load peak;

Peak load difference (baseline load minus modified load); and

Maximum house temperature change during the day (maximum controlled temperature

minus maximum uncontrolled temperature).

The daily table, Table 8, of LDSHPE can give information including:

Per customer diversified uncontrolled appliance load;
Per customer diversified controlled appliance load;

Total diversified uncontrolled appliance load;
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Table 7. Example of Monthly Table.

Year : 1986 Month : 1

Max Former New Former New

Day AmbTmp Ld Ftr Ld Ftr Payback Peak Hour Peak
{C) (%) (%) Ratio (MW)  F-Peak (MW)

7 1.65 86.77 87.49 0.37 8608.0 8.00 8533.9

Mnth  1.65 86.77 87.49 0.37 8608.0 8.00 8533.9

Hour
N-Peak

8.00

8.00

(MW)

-85.1

-85.1

Max in
Change Delta T

34
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Table 8. Example of Daily Table (Partly).

DATE : 1- 7-1987

HOUR :

HOUSE TYPE : 1

AP.LOAD NO CONT.(KW)
AP.LOAD CONTROL (KW)
AP.LOAD NO CONT.(MW)
AP.LOAD CONTROL (MW)
AMB. TEMP (C)
UNCONT. ROOM TEMP(C)
CONTROL ROOM TEMP(C)
HOUSE TYPE : 2

AP.LOAD NO CONT.(KW)
AP.LOAD CONTROL (KW)
AP.LOAD NO CONT.(MW)
AP.LOAD CONTROL (MW)
AMB. TEMP (C)
UNCONT. ROOM TEMP(C)
CONTROL ROOM TEMP(C)
HOUSE TYPE : 3

AP.LOAD NO CONT.(KW)
AP.LOAD CONTROL (KW)
AP.LOAD NO CONT.(MW)
AP.LOAD CONTROL (MW)
AMB. TEMP (C)
UNCONT. ROOM TEMP(C)
CONTROL ROOM TEMP(C)
HOUSE TYPE : 4

AP.LOAD NO CONT.(KW)
AP.LOAD CONTROL (KW)
AP.LOAD NO CONT.(MW)
AP.LOAD CONTROL (MW)
AMB. TEMP (C)
UNCONT. ROOM TEMP(C)
CONTROL ROOM TEMP(C)

TOT. DIVERSIFIED AP.
LOAD-NO CONTROL (MW)
TOT. DIVERSIFIED AP.
LOAD CONTROLLED (MW)

SYSTEM LOAD WITHOUT

CONTROL (MW)
SYSTEM LOAD WITH
CONTROL (MW)

2.46

2.46
61.60
61.60
-2.41
20.00
20.00

2.45

2.45
61.17
61.17
-2.41
20.00
20.00

2.44

2.44
61.03
61.03
-2.41
20.00
20.00

2.44

2.44
61.03
61.03
-2.41
20.00
20.00

244.82

244.82

6188.0
6188.0

4.14
4.14
103.47
103.47
-3.35
19.99
19.99

3.95

3.85
98.88
98.88
-3.35
19.99
19.99

3.89

3.89
87.25
97.25
-3.35
19.99
19.99

3.88

3.88
96.95
96.95
-3.35
19.99
19.99

396.55

396.55

6087.0
6087.0

5.15
5.15
128.77
128.77
-3.71
20.03
20.03

4.53
453
113.35
113.35
-3.71
20.01
20.01

428
4.28
106.97
106.97
-3.71
20.00
20.00

4.19
4.19
104.85
104.85
-3.71
20.00
20.00

453.95

453.95

6095.0

6095.0

5.59
5.59
147.60
147.60
-3.99
20.03
20.03

5.01
5.01
125.20
125.20
-3.99
20.01
20.01

4.67
467
116.82
116.82
-3.99
20.01
20.01

4.48
4.48
112.03
112.03
-3.99
20.00
20.00

501.65

501.65

6165.0

6165.0

6.44
6.44
161.05
161.05
-4.39
20.02
20.02

5.36
5.36
133.93
133.93
-4.39
20.01
20.01

5.03
5.03
125.75
125.75
-4.39
20.01
20.01

4.75
4.75
118.65
118.65
-4.39
20.00
20.00

539.38

539.38

6319.0
6319.0

6.86
6.86
171.43
171.43
-4.44
20.02
20.02

5.64
5.64
141.07
141.07
-4.44
20.01
20.01

5.37
5.37
134.15
134.15
-4.44
20.01
20.01

5.00
5.00
124.93
124.93
-4.44
20.01
20.01

571.58

571.58

6883.0
6883.0

7.1
5.48
177.77
137.07
-4.68
18.99
18.93

5.81
5.32
145.30
133.00
-4.68
19.99
18.67

5.62
5.29
140.43
133.00
-4.68
20.01
19.80

5.15
5.15
128.80
128.80
-4.68
19.99
19.99

582.30

531.20

8008.0
7940.8

7.25
5.25
181.25
131.25
-4.47
19.85
17.68

5.81
5.25
145.30
131.25
-4.47
19.97
19.26

5.78
5.25
144.57
131.25
-4.47
20.00
19.46

5.15
5.15
128.80
128.80
-4.47

19.98
19.98

589.92
522.50

8608.0

85229
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Total diversified controlled appliance load;
Ambient temperature;
House temperature with uncontrolled appliance;

House temperature with controlled appliance;

©® N o 9 b

Baseline system load; and

9. Modified system load.

Many of the diversification factors such as thermostat set level, house size, house
insulation, appliance size and efficiency, and weather variations are accounted for in
LOADSIM by using PROFILE to simulate appliance loads for different house types, each with
their own distinctive characteristics, and then using LDSHPE to aggregate the individual load
profiles for each house type, as shown in Figure 10. LDSHPE uses information on the number
of customers in each house type, and the system load data to derive the system load impact
of a load management or conservation strategy, as depicted on the bottom graph of Figure

10.

3.4 GENERAL STEPS OF LOADSIM PROCESS

The following steps are necessary for implementing LOADSIM, also see figure 8.

1. Obtain load research data to be used. These should include survey data (e.g., appliance
saturation, appliance size, house size, occupancy schedules, house construction type,

etc.) for model inputs.

2. Categorize the surveyed homes into groups based on KW-hr usage, appliance size and/or

relative cooling capacities.

3. Select homes within each category with appliance loads that are representative of that

category.
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Figure 10. : Schematic of LOADSIM Method to Derive System Loads With and Without Load
management [Source : Reference 1].

37



Set up PROFILE for each representative home using available survey data to help provide

inputs. Use PROFILE to obtain the hourly load profile of each representative home.

Set up LDSHPE using survey data indicating the numbers of homes represented by each
modeled house type and occupancy schedules. Use LDSHPE to derive the modeled

diversified appliance loads.

The output of LDSHPE will provide the load shape and impact of load control strategy at

a certain set of conditions.

PROFILE input data has to be adjusted if modelled data and meter readings differ widely,

then redo steps 4 to 6 again.
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CHAPTER IV

METHODOLOGY AND CASES OF STUDY

4.1 GENERAL

The details of a residential load control study is presented in this chapter. As mentioned
in the previous chapter, the LOADSIM program can be a powerful tool to study the direct load
control when the specified conditions such as weather data, solar data, and details of
residential house type are available. This study has applied the LOADSIM program to control
the appliances of the chosen houses and study how the customers in those houses would be
subjected to the effects of the load control under various control strategies. The temperature
degradation is generally the inconvenient impact on the customer. The utility usually
concerns how much the appliance loads can be deducted under different load control levels

while still meeting the satisfaction of the customers.

4.2 LOAD CONTROL STRATEGY

The LOADSIM program can be used to obtain the estimated load profile and the impact
on interior temperature under various load control strategies. This research, however, is only

concerned with the cycling and the shedding control.

Cycling Control

Cycling strategy defines the percentage of time that an end-use load is permitted to
operate during a specified time interval. The utility generally uses clock time as the activation

variable of this control strategy. Under the LOADSIM program, it can determine how much
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time the controlled end-use appliance will be allowed to operate during the particular
controlled period. The duty cycling strategy is usually used to control the thermal end-use
loads - water heater, air conditioner, and space heater. For example, assume that an air
conditioner with a connected load of 4 KW is sized such that it is operating at 100 percent
capacity during the entire period in which the utility wishes to exercise control. If the utility
cuts its natural on-cycle (60-minute per hour) by 25 percent to 45-minute per hour then its
integrated demand over that hour will essentially be reduced from 4 KW to 3 KW use or a

resultant of 1 KW reduction in demand.

Shedding Control

Shedding strategy defines the period of time that the end-use load will be interrupted.
Therefore, the end-use load may not be operated at that specified time. The shedding strategy
is usually used on the water heater load control. The water heater is an emergency deferrable
load because it can be initiated to help offset the effects of generation loss whenever no
additional capacity is immediately available. For example, assume that the utility has 100,000
water heaters that can be shed, and each unit typically consumes 0.9 KW. The utility can
obtain 90-MW load reduction when it interrupts those water heaters at the same time.
However, the utility should be careful about the payback energy at the hour after control

because water heater has a high potential payback.

4.3 WEATHER AND SYSTEM LOAD DATA

The weather data of this research is the Richmond typical week data in 1986. This weather
data is from the Typical Meteological Year Region 2 (TMYR2). System load data is also the
typical week data in 1986 of Virginia Electric Power Company. All of these typical week data
are classified into 3 categories- high load day data, average load day data, and low load day

data:
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1. High-load day data is the daily data that has the highest system load of the week.
2. Average-load day data is the daily data that has the average system load of the week.

3. Low-load day data is the daily data that has the low system load of the week.

4.4 SETS OF CONDITION

This thesis involves the study of customer response and how the appliances use the
electricity due to the direct load control. So the house types, weather data, and load control
strategies must be set at various levels in order to obtain different impacts. The conditions

that are studied in this research are listed below:

1. Four house types have been selected for study. These houses have the same figures
except they have different wall insulations and roof insulations. These studied houses,
selected from the American Society of Heating, Refrigerating & Air Conditioning

Engineers (ASHRAE) Handbook [1}], are

e House Type 38 has frame wall with 1-inch insulation and 3-inch roof insulation,
* House Type 36 has frame wall with 3-inch insulation and 6-inch roof insulation,
e House Type 25 has frame wall with 4-inch brick veneer and 9-inch roof insulation, and

® House Type 99 has frame wall with 6-inch insulation and 12-inch roof insulation.

2. Load control strategies

®  Cycling off the air conditioner at various control intensity- 25, 33, and 50 percent (7.5-,

10-, and 15-minute off during a 30-minute period),
® Cycling off the space heater at the same intensity as air conditioner, and
® Shedding the water heater for 4 hours.

3. Weather and solar data for Richmond, Virginia.

®  Weather and solar data for a high-load day,

e Weather and solar data for an average-load day, and
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e Weather and solar data for a low-load day.

4. 1986 Virginia Electric Power Company (VEPCO) system load data.

e System load data for a high-load day,
e System load data for an average-load day, and

e System load data for a low-load day.

5. Annual average hourly water-use pattern of EPRI-3934 [7].

4.5 PROCEDURE

After these major conditions have been satisfied, the case studies are carried out for only
the utility control, and both the utility and customer control. Whenever the utility controls the
residential load, it always controls at the peak period. However, the customer control can be
any period during a day. This parameter has been set such that the selected houses use air
conditionings for 6 months (from May to October), and use space heatings for 6 months (from
November to April). The system load usually has two peaks in the wintertime. One is in the
morning because it is the time the customers wake up and turn on their appliances. Another
peak is in the late afternoon when they come back from work and turn on some appliances.
In the summertime, the system peak always occurs in the afternoon since the air conditioners
consume more energy as the ambient temperature raises.

This study has been conducted under the Richmond weather data. Therefore, the peak
load in summer usually occurs between 16:00 and 18:00 PM. And the winter peak load is
between 8:00 and 9:00 AM. However, these peak hours are not exact in some months. For
example, in .April. October, and November the peak loads are between 19:00 and 20:00. The
control periods to shave the peak load in these particular months must be different from the

normal peak-load period. The following cases have been studied, also see Table 10.
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Case 1

This case studies the first house type under utility control. The control strategies have
been selected as mentioned before. The selected house is the representative of 100,000
houses. The cycling time of the utility has been set up in 2 categories. The space heating is
controlled from 6:00 to 12:00 (6 hours of control). The air conditioning is controlled from 14:00
to 20:00 (6 hours of control). The controlled time of water heater is also set in 2 categories.
It is from 7:00 to 11:00 in the winter and from 15:00 to 19:00 in the summer. But the water heater
controlled period for April, October, and November is from 17:00 thru 21:00 PM. The results
of this case show how the various load controls of the utility have the impact on the first house

type. It also demonstrates the estimated load reduction the utility may obtain.

Case 2

This case studies the same impact as in Case 1, but the house type is changed to the
second type which has better insulations than the first house. The analysis of this case is
almost similar to Case 1 since it is conducted under the same load control strategy as Case
1. However, better insulations of this house type give better results in term of temperature

change.

Case 3

The procedure is the same as Case 1 except using house type 25 for the study.

Case 4

This case repeats Case 1 and use house type 99 which has the best insulations among

all selected houses.
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Table 9. The Different Control Strategy of Case Study.

AIR CONDITIONER

SPACE HEATER

WATER HEATER

Utility Customer Utility Customer Utility Customer

Control Control Control Control Control Control
CASE 1 YES NO YES NO YES NO
CASE 2 YES NO YES NO YES NO
CASE 3 YES NO YES NO YES NO
CASE 4 YES NO YES NO YES NO
CASE 5 YES NO YES NO YES NO
CASE 6 YES YES YES YES NO NO
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Case §

This case is the hybrid study of all houses. The procedure of this case is the combination
of load control of all 4 house types. Each house type in this case represents 25,000 houses to
make a total of 100,000. The load control strategy is the same as Case 1. The results of this
case show the average load consumption for electricity of appliances of those houses. It also
shows the estimated load reduction that is obtained from the different load controlied

strategies.

Case 6

This case has the same procedure as Case 5 but it also includes the customer control.
This case presumes that 20 percent of customers turn off their appliances when they leave
home for work. The off-time of these appliances- air conditioner and space heater, is from 8:00
to 15.00. The objective of this case is to study the average electrical consumption of all 4
selected houses. The average load demand for this case is less than Case 5 because some

appliances are off during customer controlled period.
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CHAPTER V

RESULTS AND DISCUSSIONS

In this chapter, the results of case studies enumerated in chapter IV are discussed. This
chapter shows only the figure§ and tables of the high-load day data that are important or have
significant impacts on the conclusions which will be discussed in the next chapter. Tabular
results under the average-load day data and the low-load day data are presented in Appendix

B and Appendix C, respectively.

5.1 CASE 1

The worst house type considered in this study is house type 38 because it has only 1-inch
wall insulation and 3-inch roof insulation. This house type demands the most electricity for
heating and cooling system to maintain the temperature setting. Therefore, the utility gets
more load reduction than any other house type. However, the room temperature change after
control of this house will be more than any house type since its insulation is not good to keep
the temperature close to the temperature setting. Figure 11 and Table 10 show the room
temperature change for both cooling and heating. The temperature change due to 50 percent
cycling of space heating in January causes a drop of 5 degrees Celsius below the temperature
setting (20 degrees Celsius). The 50 percent cycling of air conditioning in July causes an
increase of 4.78 degrees Celsius from the temperature setting (21 degrees Celsius).

Load reductions after control are presented in Figure 12 and Table 11. This figure and
table have two controlled categories - air conditioning or space heating alone, and air
conditioning or space heating with water heating. When control air conditioning or space
heating alone, the utility can obtain more than 200 megawatt (2-kilowatt per unit) from the first

house type in January, June, and July when the controlled level of those heating and cooling
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systems are 50 percent. However, the resuiting of temperature degradations during these
months would severely impact on the customer’s convenience, as seen from Figure 11 and
Table 10. The utility cannot obtain any load reduction when controlling the space heater in
March, April, and November, although, the controlled cycling is 50 percent, as shown in Figure
12. However, there is always some load reduction with air conditioning control of this house
type. The utility will obviously get more load reduction when the cycling intensity is higher.
Higher utility controls causes the customer in this house to feel discomfort as the temperature
change is significant.

The combined control of air conditioner or space heater with water heater shows
more load reduction, as seen in Figure 12 and Table 11. However, there is no load reduction
in May because the controlled peak (new peak) is higher than the uncontrolled peak. The load
reduction is much higher in July when the 50 percent cycling of air conditioner is implemented
while interrupting the water heater.

Figure 13 shows the electrical demand for air conditioner in July of the first house type.
The air conditioning demand of this house type has reached its saturation level at 14:00 PM,
which is very early. This figure shows that the utility can get load reduction of 1, 1.3, and 2
kilowatt when the percent cycling is 25, 33, and 50 percent, respectively. The control of air
conditioning in this house type does not show significant payback energy.

Load consumption of air conditioner with water heater is presented in Figure 14. The
uncontrolled peak is about 5 kilowatt. This figure shows that the combined control of air
conditioner and water heater yields more load reduction.

Figure 15 demonstrates the space heating consumption of the first house type with and
without load control. The control levels are 25, 33, and 50 percent cycling. The uncontrolled
load curve has its peak at about 7.33 kilowatt at 9:00 AM. From this figure, the 25 percent
cycling shows no load reduction. The 50 percent cycling shows about 2-kilowatt load reduction.
However, thé restrike demand is very high. The new peak reaches 9.18 kilowatts at the hour
after control (13:00 PM). Therefore, the utility must be aware to this new peak. If the utility

has its uncontrolled peak at 13:00 PM, the controlled peak will be much more because the
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payback peak is significant. The 33 percent cycling shows normal payback load curve
because the new peak is not higher than the uncontrolled peak.

The load of space heating and water heating is shown Figure 16. The water heating
control and the 50 percent cycling of space heating has its peak about 10.80 kilowatt at 13:00
PM, which is very high payback.

The proper controlled level of air conditioning for this house is 33 percent since the
temperature change is not high. The combination of air conditioning and water heating control
will yield more load reduction. The controlled cycling of 33 percent of space heating gives a
0.62-degree drop from the temperature setting, but the 15.8-megawatt load reduction (0.158
kilowatt per unit) may not be a good load reduction. The control of both water heater and

space heater may be a good strategy to obtain the necessary load reduction.
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Table 10. Temperature Change After Control of Case 1 (High Load)

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8608.00 - 0.00 - -0.62 - -5.00
2 8099.00 - -0.01 - -0.01 - -1.17
3 7059.00 - 0.00 - 0.00 - 0.00
4 6376.00 - -0.01 - -0.01 - -0.01
5 6580.00 0.00 - 0.00 - 0.95 -
6 8275.00 1.68 - 2.39 - 4.14 -
7 8947.00 2.00 - 2.83 - 478 -
8 8137.00 0.00 - 0.20 - 1.15 -
9 7497.00 0.20 - 0.77 - 212 -
10 6932.00 0.00 - 0.00 - 0.09 -
11 7251.00 - -0.01 - -0.01 - -0.01
12 8133.00 - 0.00 - -0.01 - -1.55
Note : Temperature setting for space heating  : 20 degrees Celsius

: Temperature setting for air conditioning

: 21 degrees Celsius
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Table 11.

Load Reduction After Control of Case 1 (High Load)

Air Conditioner or Space Heater without Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month

(MW) A/C S/H A/C S/H A/C S/H
1 8608.00 - 0.30 - -15.30 - -209.10
2 8099.00 - 0.30 - 0.30 - -59.80
3 7059.00 - 0.10 - 0.10 - 0.10
4 6376.00 - 0.00 - 0.00 - 0.10
5 6580.00 0.00 - 0.00 - -10.80 -
6 8275.00 |-106.00 - -142.30 - -214.90 -
7 9947.00 |-107.30 - -144.70 - -219.50 -
8 8137.00 0.20 - -11.20 - -84.70 -
9 7497.00 -5.80 - -23.80 - -84.00 -
10 6932.00 0.00 - 0.00 - 0.10 -
11 7251.00 - 0.00 - 0.00 - 0.00
12 8133.00 - 0.00 - 0.00 - -85.30

Air Conditioner or Space Heater with Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8608.00 - -126.00 - -141.50 - -207.40
2 8093.00 - -125.80 - -125.80 - -186.00
3 7059.00 - -126.10 - -126.10 - -126.10
4 6376.00 - -131.00 - -131.00 - -131.00
5 6580.00 6.70 - 6.70 - 48.70 -
6 8275.00 |-206.50 - -242.80 - -247.00 -
7 9947.00 |-208.40 - -245.80 - -320.60 -
8 8137.00 | -57.00 - -58.40 - -111.10 -
9 7497.00 -5.80 - -23.90 - -84.00 -
10 6932.00 [-117.70 - -117.70 - -117.70 -
11 7251.00 - -127.70 - -127.70 - -127.70
12 8133.00 - -128.10 - -128.10 - -211.40
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5.2 CASE 2

House type 36 is better than house type 38 because it has 3-inch wall insulation and 6-inch
roof insulation. The result of this analysis is similar to the first house type, type 38. The
temperature degradation in the cooling and heating systems after control is less than the
house type 38, as compared Figures 11 and 17 or Tables 10 and 12.

In Figure 17 and Table 12, the controlled level of 50 percent of air conditioner causes an
increase of 4.44-degree Celsius which is uncomfortable to the customer in the house.

The load reduction analysis of this house type is shown in Figure 18 and Table 13. The
utility can obtain the load reduction of space heater only in January and February under the
cycling intensity of 50 percent. The air conditioning control provides no load reduction in
October although the cycling level is 50 percent. The cycling strategy of air conditioning in
May does not provide a good load reduction because the utility can obtain only 10.60
megawatt reduction (0.106 kilowatt per house). The combined control of air conditioning, or
space heating with water heating certainly provides more load reduction. However, the
payback energy may be significant. For example, there is no load reduction obtained in May
when the utility controls both air conditioner and the water heater in the same period. The
payback of this month causes the controlled load curve having the higher peak than the
uncontrolled peak, see Table 13 and Figure 18.

The typical demand of air conditioning in July of this house is illustrated in Figure 18.
The air conditioner of this house has reached the saturation point at 16:00 PM. This is better
than house type 38 (the first type) that reaches its saturation at 14:.00 PM. Figure 19 also
depicts the payback energy of the air conditioning control. The 50 percent cycling has the
most payback. However, the new peak is not higher than the uncontrolled peak. Figure 20
shows the load of air conditioner and water heater in July. It is clearly seen that the payback
peak at 21:00 PM is higher than the uncontrolled peak.

Figure 21 shows the space heating control of the second house in January. The 25 and

33 percent cycling controls show no load reduction. The 50 percent controlied level provides
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about 0.8-kilowatt reduction at the peak hour (3:00 AM). The payback peak at 13:00 PM is not
higher than the uncontrolied peak. So the utility certainly can obtain some load reduction at
this cycling strategy because the temperature change is only is 1.39-degree below the
temperature setting (20 degrees Celsius), see Figure 17 and Table 12.

When the utility combines the control of space heating with water heating, it is definitely
obtained more reduction. The 50 percent cycling of space heater and shedding water heater

combine a 2-kilowatt reduction at the peak hour (3:00 AM), see Figure 22.
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Table 12. Temperature Change After Control of Case 2 (High Load)

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8608.00 - 0.00 - -0.62 - -1.39
2 8099.00 - -0.02 - -0.02 - -0.02
3 7059.00 - -0.01 - -0.01 - -0.01
4 6376 00 - -0.01 - -0.01 - -0.01
5 6580.00 0.00 - 0.00 - 0.13 -
6 8275.00 0.59 - 1.21 - 2.79 -
7 9947.00 1.85 - 2.62 - 4.44 -
8 8137.00 0.00 - 0.00 - 0.62 -
9 7497.00 0.01 - 0.02 - 1.15 -
10 6932.00 0.00 - 0.00 - 0.00 -
11 7251.00 - 0.00 - 0.00 - 0.00
12 8133.00 - -0.01 - -0.01 - -0.01
Note : Temperature setting for space heating : 20 degrees Celsius

: Temperature setting for air conditioning

: 21 degrees Celsius
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Table 13.

Load Reduction After Control of Case 2 (High Load)

Air Conditioner or Space Heater without Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8608.00 - 0.00 - 0.00 - -61.80
2 8039.00 - -14.20 - -14.20 - -14.20
3 7059.00 /- 0.00 - 0.00 - 0.00
4 6376.00 - 0.00 - 0.00 - 0.00
5 6580.00 0.00 - 0.00 - -10.860 -
6 8275.00 | -40.20 - -76.50 - -149.00 -
7 8947.00 [|-112.90 - -150.30 - -225.10 -
8 8137.00 -0.20 - -0.20 - -38.00 -
9 7497.00 0.20 - -0.20 - -45.80 -
10 6932.00 0.00 - 0.00 - 0.00 -
11 7251.00 - 0.00 - 0.00 - 0.00
12 8133.00 - 0.10 - 0.10 - 0.10

Air Conditioner or Space Heater with Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8608.00 - -126.20 - -126.30 - -188.10
2 8099.00 - -140.40 - -140.40 - -140.40
3 7053.00 - -126.30 - -126.30 - -126.30
4 6376.00 - -130.60 - -130.60 - -130.60
5 6580.00 6.70 - 6.70 - 18.50 -
6 8275.00 {-140.10 - -176.40 - -247.00 -
7 9947.00 {-216.20 - -253.50 - -328.30 -
8 8137.00 | -56.10 - -56.10 - -83.40 -
9 7497.00 -4.90 - -4.90 - -45.70 -
10 6932.00 {-117.60 - -117.60 - -117.60 -
11 7251.00 - -127.70 - -127.70 - -127.70
12 8133.00 - -128.20 - -128.20 - -128.20
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5.3 CASE 3

The house type 25 has 4-inch wall insulation and 9-inch roof insulation. The utility may
obtain load reduction from the space heating control of this house type only when the cycling
strategy is 50 percent. The reduction is 58.6 megawatt (0.586 kilowatt per house), see Figure
24 and Table 15. This cycling control causes a drop of 1.22 degrees in the house, as shown in
Figure 23 and Table 14.

The 50 percent cycling of air conditioning is the only strategy that provides a load
reduction of 221 megawatt (2.21 kilowatt per house) in this house type. However, this cycling
may cause the inconvenience to the customer since the room temperature raises 4.47 degrees
above the temperature setting in July.

Figure 25 shows the air conditioning consumption for electricity in July. The air
conditioner reaches its saturation point at 16:00 PM. This is the same as the second house,
Case 2. Its payback energy peak is not higher than the uncontrolied peak. The cycling level
of 33 percent is a good strategy of this house type because the temperature change in July is
only 2.65 degrees above the temperature setting.

The air conditioning and water heating load of this house type in July is depicted in
Figure 26. It is surely showing more reduction than controlling air conditioning alone.
However, the payback peak at 21:.00 PM may be higher than the uncontrolled peak. This
payback peak causes no reduction in May, see Figure 24 and Table 15.

Figure 27 shows load demand for electricity of space heating in January of the third
house. It shows no load reduction at 25 and 33 percent cycling controls. The utility may get
load reduction at 50 percent cycling, but, the payback peak is almost the same as the
uncontrolled peak. When utility prefers to conduct load control under 50 percent cycling, it
must be cautious of the payback peak at 13:00 PM. Figure 28 shows the load demand of space
heating and water heating in January. The payback peak at 13:00 PM is now higher than the

uncontrolled peak.
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Table 14. Temperature Change After Control of Case 3 (High Load)

Peak 25% cycling 33% cycling 50% cycling
Month

(MW) A/C S/H A/C S/H A/C S/H
1 8608.00 - -0.03 - -0.03 - -1.22
2 8099.00 - -0.01 - -0.01 - -0.01
3 7059.00 - 0.00 - 0.00 - 0.00
4 6376.00 - -0.01 - -0.01 - -0.01
5 6580.00 0.00 - 0.00 - 0.09 -
6 8275.00 0.50 - 1.15 - 2.79 -
7 9947.00 1.90 - 2.65 - 4.47 -
8 8137.00 0.00 - 0.00 - 0.50 -
9 74397.00 0.01 - 0.01 - 0.97 -
10 6932.00 0.00 - 0.00 - 0.09 -
11 7251.00 - 0.00 - 0.00 - 0.00
12 8133.00 - 0.00 - 0.00 - 0.00

Note - Temperature setting for space heating : 20 degrees Celsius

: Temperature setting for air conditioning

: 21 degrees Celsius
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Table 15.

Load Reduction After Control of Case 3 (High Load)

Air Conditioner or Space Heater without Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8608.00 - 0.40 - 0.40 - -58.60
2 8039.00 - 0.00 - 0.00 - 0.00
3 7059.00 - 0.10 - 0.10 - 0.10
4 6376.00 - 0.00 - 0.00 - 0.00
5 6580.00 0.00 - 0.00 - -0.40 -
6 8275.00 | -27.60 - -68.00 - -140.60 -
7 9947.00 [-108.80 - -146.20 - -221.00 -
8 8137.00 0.20 - 0.20 - -28.30 -
¢] 7497.00 0.20 - 0.20 - -34.10 -
10 6932.00 0.00 - 0.00 - 0.00 -
11 7251.00 - 0.00 - 0.00 - 0.00
12 8133.00 - 0.20 - 0.20 - 0.20

Air Conditioner or Space Heater with Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month

{(MW) A/C S/H A/C S/H A/C S/H
1 8608.00 - -125.60 - -125.60 - -184.80
2 8099.00 - -126.20 - -126.20 - -126.20
3 7059.00 - -126.10 - -126.10 - -126.10
4 6376.00 - -131.00 - -131.00 - -131.00
5 6580.00 6.70 - 6.70 - 14.80 -
6 8275.00 |-127.60 - -168.00 - -240.60 -
7 9947.00 |-212.20 - -249.60 - -324.40 -
8 8137.00 | -56.90 - -56.90 - -74.50 -
9 7497.00 -5.00 - -5.00 - -34.10 -
10 6932.00 [-117.70 - -117.70 - -117.70 -
11 7251.00 - -127.70 - -127.70 - -127.70
12 8133.00 - -128.00 - -128.00 - -128.00
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Figure 25. : A/C Load in July with and without Load Control of Case 3 (High Load).
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5.4 CASE 4

The best house type considered in this study, house type 99, has 6-inch wall insulation
and 12-inch roof insulation. This house type demands the least electricity for its appliances,
so its load reduction is the least. The room temperature in the heating system is aimost
constant because this house type has very good insulations, as seen in Figure 29 and table
16. The utility cannot get any load reduction from the space heating, although the control level
of heating system is 50 percent cycling, as shown in Figure 30 and Table 17. The 33 percent
cycling of air conditioning is a perfect strategy for this house because the maximum
temperature increase is only 2.3 degrees in July. The 50 percent cycling causes inconvenience
to the customer as the temperature change is significant (4.14 degrees Celsius), as seen from
Figure 29.

Figure 31 illustrates the July air conditioning load. This air conditioning has its
saturation level at 18:00 PM. The payback does not create the new peak that is higher than
the uncontrolied peak. When the utility controls both air conditioning and water heating at the
same period, it can provide more load reduction. However, the controlled peak at 21:00 PM is
definitely higher than the uncontrolled peak, see Figure 32.

Figure 33 shows no load reduction at 25, 33, and 50 percent cycling of space heating.
Whenever space heating control cannot provide load reduction, the water heating control may
be a good strategy for this case. Figure 34 shows the electrical demand of space heating and

water heating. The payback energy of the water heater does not create the higher peak than

the uncontrolled peak.
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Table 16. Temperature Change After Control of Case 4 (High Load)

Peak 25% cycling 33% cycling 50% cycling
Month

(MW) A/C S/H A/C S/H A/C S/H
1 8608.00 - -0.01 - -0.01 - -0.05
2 8099.00 - -0.02 - -0.02 - -0.02
3 7059.00 - -0.01 - -0.01 - -0.01
4 6376.00 - -0.01 - -0.01 - -0.01
5 6580.00 0.01 - 0.01 - 0.01 -
6 8275.00 0.09 - 0.63 - 2.09 -
7 9947.00 1.57 - 2.30 - 4.05 -
8 8137.00 0.01 - 0.01 - 0.17 -
9 7497.00 0.00 - 0.00 - 0.63 -
10 6932.00 0.00 - 0.00 - 0.09 -
11 7251.00 - -0.01 - -0.01 - -0.01
12 8133.00 - -0.01 - -0.01 - -0.01

Note : Temperature setting for space heating : 20 degrees Celsius

: Temperature setting for air conditioning

: 21 degrees Celsius
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Figure 30. : Load Reduction After Control of Case 4 (High Load).
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Table 17.

Load Reduction After Control of Case 4 (High Load)

Air Conditioner or Space Heater without Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8608.00 - 0.00 - 0.00 - 0.00
2 8093.00 - -13.90 - -13.90 - -13.90
3 7059 00 - 0.00 - 0.00 - 0.00
4 6376.00 - 0.00 - 0.00 - 0.00
5 6580.00 0.00 - 0.00 - 0.00 -
6 8275.00 -4.60 - -41.70 - -114.30 -
7 9947.00 | -80.80 - -118.20 - -193.00 -
8 8137.00 0.00 - 0.00 - -11.50 -
9 7497.00 0.20 - 0.20 - -23.60 -
10 6932.00 0.00 - 0.00 - 0.00 -
11 7251.00 - 0.00 - 0.00 - 0.00
12 8133.00 - 0.10 - 0.10 - 0.10

Air Conditioner or Space Heater with Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8608.00 - -126.20 - -126.20 - -126.20
2 8099.00 - -140.00 - -140.00 - -140.90
3 7059.00 - -126.20 - -126.20 - -126.20
4 6376.00 - -130.60 - -130.60 - -130.60
5 6580.00 6.70 - 6.70 - 6.70 -
6 8275.00 |-104.60 - -141.70 - -214.30 -
7 9947.00 [-180.80 - -218.20 - -293.00 -
8 8137.00 | -56.10 - -56.10 - -62.50 -
] 7497.00 -5.00 - -5.00 - -23.60 -
10 6932.00 |{-117.70 - -117.70 - -117.70 -
11 7251.00 - -127.70 - -127.70 - -127.70
12 8133.00 - -128.20 - -128.20 - -128.20
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Figure 32. : A/C with W/H Load in July with and without Load Control of Case 4 (High Load).
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5.5 CASES

In this case, the combination of 4 house types has been studied, each house type
represents 25,000 houses. Figure 35 and Table 18 show the load reduction of this case under
the load control level- 25, 33, and 50 percent cycling. The 50 percent cycling of space heating
yields a 85.1-megawatt reduction (0.851 kilowatt per house) in January. There are no load
reductions obtained in March, April, and November at any cycling level of space heating.

The 50 percent cycling of air conditioning in July provides more than 200 megawatt
reduction. There is no load reduction at any cycling level of air conditioning in October.

When the combination control of air conditioning, or space heating with water heating
has been conducted, it is certainly shown more reduction than controlling air conditioning, or
space heating alone, see Figure 35.

Figure 36 shows the average consumption of air conditioning of 4 house types under
the same load control levels- 25, 33, and 50 percent. The average load curve has its saturation
peak at 16:00 PM. This is the same time as the second and the third houses. The controlied
peak at 21:00 PM is not higher than the uncontrolled peak.

Figure 37 demonstrates the average demand of air conditioning and water heating of
all 4 houses in July. The average load reduction can be almost 3 kilowatt per house when
controlling water heating and cycling air conditioning at 50 percent. The payback peak at
21:00 PM of this controlled strategy has a significant impact because it is higher than the
uncontrolled peak. There is no load reduction in May because of this payback peak.

Figure 38 shows the average load consumption of space heating. The payback peak of
50 percent cycling at 13:00 PM is the same as the uncontrolled peak (3:00 AM).

When the utility controls both space heating and water heating at the same period, the
payback peak at 13:00 PM must be cautious because it is higher than the uncontrolled peak,

as shown in Figure 39.
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Figure 35, : Load Reduction After Control of Case 5 (High Load).
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Table 18.

Load Reduction After Control of Case 5 (High Load)

Air Conditioner or Space Heater without Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month
{(MW) A/C S/H A/C S/H A/C S/H
1 8608.00 - 0.20 - -3.70 - -85.10
2 8099.00 - -6.90 - -6.90 - -22.00
3 7059.00 - 0.10 - 0.10 - 0.10
4 6376.00 - 0.00 - 0.00 - 0.00
5 6580.00 0.00 - 0.00 - -13.70 -
6 8275.00 | -44.60 - -82.10 - -154.70 -
7 9947.00 |-105.40 - -142.80 - -217.60 -
8 8137.00 0.10 - -2.80 - -40.60 -
9 7487.00 -2.10 - -9.70 - -47.20 -
10 6932.00 0.00 - 0.00 - 0.00 -
11 7251.00 - 0.00 - 0.00 - 0.00
12 8133.00 - 0.10 - 0.10 - -22.70

Air Conditioner or Space Heater with Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8608.00 - -126.00 - -129.90 - -198.70
2 8099.00 - -133.10 - -133.10 - -148.10
3 7059.00 - -126.10 - -126.10 - -126.10
4 6376.00 - -130.90 - -130.90 - -130.90
5 6580.00 6.70 - 6.70 - 22.10 -
6 8275.00 [-144.70 - -182.20 - -247.00 -
7 9947.00 (-204.90 - -242.30 - -317.10 -
8 8137.00 | -56.50 - -56.90 - -85.80 -
9 7497.00 -5.20 - -9.70 - -47.20 -
10 6932.00 ([-117.70 - -117.70 - -117.70 -
11 7251.00 - -127.70 - -127.70 - -127.70
12 8133.00 - -128.10 - -128.10 - -148.90
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5.6 CASE 6

This case is similar to Case 5 except it includes the customer control. Figure 40 shows
the average electrical demand of the 50 percent cycling of air conditioning for both cases. The
payback energy of customer control at 16:00 PM is not shown because it is still in the utility
controlled period.

Figure 41 shows the average demand of space heating at 50 percent cycling. The load
curve of Case 6 has 2 payback peaks. The first peak is due to the utility payback (13:00 PM).
The second one is the customer payback peak (16:00 PM). This peak is generally higher than
the utility peak because it is controlled for a longer duration. However, none of these peaks

is higher than the the uncontrolled peak.

5.7 DISCUSSIONS

The discussion of this section is based on the results of all cases in the previous sections.
Case 1, 2, 3, and 4 are the study of different house insulations under various load control
schemes. The house type 38, the worst house insulation among all studied houses, demands
the most electricity for its appliances - air conditioner and space heating, to maintain the
temperature setting. This house type can certainly provide more load reduction than any other
houses, see Table 11, 13, 15, and 17. It is reasonable to assume that the utility does not want
to have the controlled peak that is higher than the uncontroiled peak. Therefore, the utility
must be cautious about the cycling intensity of the load control of this house type because the
payback and the temperature change are generally high at the hours after control.

The house type 99 of Case 4 provides the least load reduction. This does not mean that
the utility does not prefer to have this house type. As the temperature rises in the summer,
the air conditioner of this house type is the last one among all houses that reaches the
saturation level. And the high cycling control of the appliances of this house type causes the

least temperature degradation, see Table 10, 12, 14, and 16.
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In the 25, 33, or 50 percent cycling control of space heating, there is no load reduction
obtained from any house in March, April, and November. This is because the load
consumptions of the appliances of these houses is very low. If the utility prefers to obtain the
load reduction in these months, then the cycling control must be higher than 50 percent.
However, that analysis is beyond the scope of this research. This is similar to the cycling
control of air conditioner in May and October. The load reduction that the utility gets in these
months is generally low. The higher intensity may give better load reduction. However, the
control of water heater in these months may be a good strategic control for the utility. Because
the interruption of water heater for a few hours may provide enough load reduction if the utility
needs, see Table 11, 13, 15, and 17. But the combination control of water heater and space
heater, or water heater and air conditioner would cause significant payback. Instead of
obtaining the load reduction, the controlled load curve in May has higher peak load than the
uncontrolled load curve because the payback demand of the combined controls is very high,
see Table 11, 13, 15, and 17.

Case 5 and Case 6 are the study of hybrid control of all houses. Case 5 is the utility
control while Case 6 is both customer and utility control. The house type of Case 1 may yield
the most load reduction while the house type of Case 4 provides the least. But the total of load
reduction that the utility obtains in Case 5 is the average from all houses. Of course, the higher
control cycling may provide more load reduction but the temperature degradation is also
getting worse too. Case 6 is the reasonable case to study the load reduction of the utility and
customer control. The combination control of utility and customer definitely reduces the
electrical consumption of the appliances more than the utility control alone. However, the
controlled load curve now has 2 payback peaks. One is after the customer control, the other
is after the utility control, see Figures 40 and 41. After observing the results of Case 6, none

of the customer or utility controlled peak is higher than the uncontrolied peak.
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5.8 LOADSIM RUNNING TIME

This research uses the IBM-AT and the Zenith-XT to execute the LOADSIM program. Both
of these computers have math-coprocessor (INTEL 80287 and 8087) to speed up the execution
time. The program will run slower if the personal computer does not have a
math-coprocessor chip installed on the system. Table 19 shows the batch file runtime of
PROFILE and LDSHPE on both IBM-AT and Zenith-XT. Suppose the research would like to
study the utility and customer control of the air conditioner in July, then the LDSHPE needs

four PROFILE simulation files. They are:

1.  PROFILE simulation uncontrolled load file (appliance on all day);
2. PROFILE simulation uncontrolied load file (appliance on part day);
3. PROFILE simulation controlled load file (appliance on all day); and

4. PROFILE simulation controlled load file (appliance on part day).

it takes 16 minutes on the IBM-AT or 1 hour and 16 minutes on the Zenith-XT to
complete the PROFILE simulation load files. However, when it is implemented under the utility
control, the LDSHPE needs only the first and the third PROFILE simulation load files.
Therefore, to complete the PROFILE simulation load files of the utility control case needs only
half of the required time of the utility and customer control case.

Table 9 shows that the IBM-AT saves much more time than the Zenith-XT. The PROFILE
runtime on the IBM-AT is about 5 times faster than on the Zenith-XT. The LDSHPE runtime on

the IBM-AT also takes less time than on the Zenith-XT.
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Table 19. LOADSIM Running Time.

Program IBM-AT Zenith-XT
Name
PROFILE to run
A/C 4 min. 19 min.
PROFILE to run
A/C with W/H 4 min. 19 min.
PROFILE to run
S/H 4 min. 19 min.
PROFILE to run
S/H with W/H 4 min. 19 min.
LDSHPE to run
1 house type 17 sec. 28 sec.
(Case 1, 2, 3, and 4)
LDSHPE to run
4 house types 31 sec. 45 sec.
(Case 5)
LDSHPE to run
4 house types 37 sec. 74 sec.

(Case 6)
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

6.1 GENERAL

This research is a study of residential end-use appliance performance under various load
control schemes and weather conditions. The study assumes that the houses have the same
dwelling characteristics, except house insulations and appliance use patterns vary. The
conclusions presented in this chapter are based on the results that are described and
analyzed in Chapter V, and all assumptions made in the introductory chapter.

The results of the average-load day and the low-load day data are presented in
Appendix B and Appendix C, respectively. The analysis of these results is similar to the
high-load day, but the magnitude of the load reduction and the temperature change are less

than the high-load day when they are performed under the same load control intensities.

6.2 CONCLUSIONS AND RECOMMENDATIONS

In this research, four house types have been selected to study under various load control
schemes. The different cycling control of air conditioning and space heating or the interrupting
of water heater would cause problems in terms of customer tolerance of temperature
degradation. The control of the cooling system in the summer may cause an unacceptable rise
of the interior temperature. On the other hand, the control of heating system in the winter
tends to drop the temperature below the comfortable setting. And the water may be a little
too cold when the water heater has been under control. It is reasonable to expect that the
utility should make load control at the level of the satisfaction of customer and the customer

should obtain some benefit because of the discomfort due to the control. It may be in the form
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of free payback energy or some reduction in the monthly bill. When the utility chooses to
initiate load control, it must be concerned that the space heating may not provide enough load
reduction at a cycling intensity lower than 50 percent. However, the control of 50 percent of
space heating, in some cases, may cause a severe drop in the interior temperature. The effect
of air conditioning control is mostly similar to the space heating control, except the interior
temperature raises.

Customers may react in different ways to changes in their lifestyles due to the load
control. Some may modify their schedules of activity. Some may purchase alternative
appliances negating the (utility) benefit of load control, or make physical modifications to their
residences. Some may do nothing. These customer reactions are important to the total impact.
The utility should consider these reactions in the load management program. However, the
utility should encourage customers to consider the effect of house insulation on the appliance
use. The well insulated house can provide the long term benefit to the customer in terms of
reduced energy consumption. The purchase of alternate appliance is not a desirable solution
to either the customer or the utility because customer’s electricity uses increase and system
peak load of the utility may rise beyond the acceptable peak.

In terms of the degree of load management, the utility would try to obtain the most
load reduction while still meeting the particular constraint of load control such as customer
comfort and payback energy. Since the first constraint has been discussed above, the second
constraint should be defined. After the utility controls the appliance load, it should be aware
of the payback demand. Because, in some cases, the energy payback is higher than the
uncontrolled load.

Utility should consider that the space heating and air conditioning controls are not
always deferrable load reductions. Their load demands generally depend on the ambient
temperature. On a mild winter day, the heating system may be automatically cycled off. On the
other hand, the air conditioning control of a warm day in the summer may not provide enough

load reduction as the utility needs. The utility should not make any cycling control for house
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appliances in March, April, and October because the end-use appliances consume very low
energy. And load reduction control may not yield economic benefit to the utility.

Water heating control is a primary emergency deferrable load reduction for several
electric utilities. Whenever the utility cannot get load reduction from other end-use
appliances, the water heating control is always available. Its demand can be interrupted for
a few hours and the payback is not always significant. Of course, longer control duration of
water heaters may cause a severe payback to the utility and an uncomfortable impact on the
customer.

The combined control of air conditioner and water heater, or space heater and water
heater can provide a significant load reduction to the utility. However, the study of payback
energy in the hour after control must be considered. If this payback energy is not recognized,
the controiled system peak may be much more.

The utility should dispatch residential load control whenever it is available. The load
control can reduce system peak load and improve system load factor of the utility. The result
of load reduction always defers the high cost generation capacity or saves the high cost fuel.
The utility should be careful about the control during the average-load day and low-load day
because these days may not give enough load reduction to obtain the desired benefit, but it

may, nevertheless cause customer discomfort.
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* FOR FURTHER UNDERSTANDING THIS INPUT DATA, SEE THE LOADSIM MANUAL
* REFERENCE # 1.
=

* THIS IS THE EXAMPLE INPUT DATA TO RUN THE PROFILE. THIS INPUT DATA
* IS FOR THE HEATING SYSTEM IN THE MODELLED HOUSE.

* COMPONENT CONTROL CARDS FOR THE EXAMPLE HOME
=

SIMULATION 0.0 24.0 0.25
* SET OUTPUT WIDTH TO 72 COLUMNS FOR TERMINAL OUTPUT
*

WIDTH 72
x

* 10 ITERATIONS ALLOWS PER TIMESTEP. 10 "TOO MANY ITERATIONS” ERRORS
* PER SIMULATION ALLOWED. AFTER 9 ITERATIONS, START TO TRACE THE UNIT.
*

LIMITS 10 109
*

* USE RELATIVE TOLERANCES OF 3 PERCENT FOR ALGEBRAIC AND DIFFERENTIAL
* EQUATIONS.
L4

TOLERANCES .03 .03

L 3

* PRINT INPUT/OUTPUT LINKAGES
=

MAP

*

* NOLIST CARD IS UDED TO REDUCE THE SIZE OF THE OUTPUT BY TURNING OFF
* THE ECHO PRINT OF INPUTS
*

NOLIST
*

* USE CONSTANT CARDS TO MAKE CHANGES TO PROFILE DECKS EASIER TO KEEP
* TRACK OF. CONSTANT CARDS ALLOW ALGEBRAIC MANIPULATION OF PARAMETERS
* AS SEEN BELOW. BE CAREFUL IN NAMING AS ONLY THE FIRST 3 CHARACTERS
* ARE SIGNIFICANT.
®
CONSTANTS 5 LCON = 0.3048
HEIGHT = LCON * 8.0
LLONG = LCON * al.
LSHORT = LCON * 30.5
TSET = 20.
*
* TWO FORMS OF THE CONSTANTS CARD ARE ALLOWED. THE ABOVE GIVES THE
* NUMBER OF CONSTANTS TO LOOK FOR. PROFILE WILL LOOK ON THE MULTIPLE
* LINES TO FIND THE PROPER NUMBER OF CONSTANTS.
*

CONSTANTS 4 LWEST = LLONG
LEAST = LLONG
LNORTH = LSHORT
LSOUTH = LSHORT

=

* THE ABOVE FORM OF THE CONSTANTS CARD ONLY SCANS 1| CARD IMAGE.
x

CONSTANTS 7 AREA = LWEST * LNORTH
VOL = AREA * HEIGHT
RATE = 1.0

AWEST = LWEST * HEIGHT
AEAST = LEAST * HEIGHT
ANORTH = LNORTH * HEIGHT
ASOUTH = LSOUTH * HEIGHT
CONSTANTS 2 CAPAC = 5000
PERIM = LWEST + LEAST + LNORTH + LSOUTH
CONSTANTS 2 RFBIG = .55 * AREA
RFSM = LSHORT * .5

®

* THE COMPONENT CONTROL CARDS WILL START BELOW
E 3

* THE CARD READER READS IN 8 VALUES PER QUARTER HOUR FROM LOGICAL UNIT
* NUMBER 9, THE DATA READ IN ARE:

* 1. MONTH OF THE YEAR ( NOT USED)

* 2. DAY OF THE MONTH (NOT USED)
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3. HOUR OF THE DAY (NOT USED)

4. SOLAR RADIATION ON HORIZONTAL SURFACE (NOT USED IN THIS SIMULATION)
5. WIND SPEED (READ IN METERS PER SECOND)

6. DRY BULB TEMPERATURE (READ IN DEGREES C)

7. WET BULB TEMPERATURE (READ IN DEGREES C)

8. HUMIDITY RATIO

* THE DATA ARE READ IN THE FORMAT SUPPLIED BELOW THE PARAMETER LIST

*

* % B B B B

UNIT 9 TYPE 9 WEATHER DATA READER

PARAMETERS 7

8.0 025 5.0 1.00 0. 9. 1.0

(2F3.0,F8.3,F10.3,4F8.3)

E 3

* THIS DATA READER WILL READ EIGHT PIECES OF HOURLY DATA FROM LOGICAL
* UNIT 39, THE DATA ARE:

. YEAR (NOT USED)

. MONTH (NOT USED)

. DAY OF MONTH (NOT USED)

. TIME OF DAY (NOT USED)

. HORIZONTAL SURFACE SOLAR RADIATION (READ IN KJ;HR-SQ. METER)
. DRY BULB TEMPERATURE (NOT USED)

. WET BULB TEMPERATURE (NOT USED)

. WIND SPEED

LR K R I R B B
0NV AW —

UNIT 8 TYPE 9 SOLAR DATA READER

PARAMETERS 4

80 1.0 39. 1.

(F5.0,1X,3F4.1,F7.1,1X,F4.1,2X,Fa.1,2X,F4.1)

*

* ESTABLISH A TIME-DEPENDENT HEAT GENERATION SCHEDULE FOR HEAT GAIN TO THE
* ROOM. SCHEDULE IS REPEATED EVERY 24 HOURS IN THIS CASE. THIS IS INPUT TO

* TYPE 19 ROOM MODEL AS INTERNAL GAINS.

*x

UNIT 14 TYPE 14 INTERNAL HEAT GENERATUON
PARAMETERS 30

0. 600.6. 600. 6. 800. 7.1200. 8.1000.1S. 1000. 16. 1200.
17.1500. 18. 1800. 19. 1200. 20. 1000. 21. 800. 22. 700. 23. 700.
24. 600.

x

* ESTABLISH A TIME-DEPENDENT HUMIDITY GENERATION SCHEDULE FOR THE INTERNAL
* GAINS. THIS IS INPUT TO THE TYPE 19 ROOM MODEL.

=

UNIT 4 TYPE 14 INTERNAL HUMIDITY GENERATION

PARAMETERS 20

0. 0.05 6. 0.05 6. 0.08 8. .1 15. .1 16. .15 18. .2

19..15 23..1 24..05

=

* THIS RADITION PROCESSOR TAKES DATA READ BY UNIT 8 (ON AN HOURLY BASIS)
* AND INTERPOLATES TO A QUARTER-HOUR BASIS USING THE METHOD DEVELOPED
* BY ERBS.

*

UNIT 16 TYPE 16 RADIATION PROCESSOR
PARAMETERS 6

3.0 1.0 172, 30. 4871. 0.0

-

* ALL SURFACES HAVE AZIMUTH ANGLES AT CARDINAL COMPASS POINT.
=

INPUTS 16

8,5 8,19 8,20 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
0,0 0,0 0,0

0. 0. 0. 0. 22. -90.22. 90. 90. 90. 90.-90. 90.
0. 9 180

*

* THIS UNIT CALCULATES THE HEAT TRANSFER THROUGH ALL 4 WALLS OF THE

* HOUSE (MODE 2). THE WALL AREAS ARE DETERMINED BY THE CONSTANTS CARDS.
* SOLAR ABSORPTANCE IS 0.5. INFRARED EMITTANCE IS 0.8. THE B AND D

* COEFFICIENTS ARE FOUND IN PART 1| OF THE USERS MANUAL ON PAGE 45-53.

* DOUBLE GLAZED WINDOWS WITH TRANSMITTANCE OF 0.65 ARE USED. 50% OF

* WALL ARE UNSHEDED ON ALL FOUR SIDES.

=

UNIT 17 TYPE 17 WALL TYPE 36
PARAMETERS 26
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20 0.5 0.8 40 3.0

ASOUTH AEAST ANORTH AWEST 0.80
1.0 0.12 0.12 0.12 0.12

0.5 0.5 0.5 0.5 0.00509

0.02644 0.00838 0.00010 -0.059602 0.08757
-0.00002

INPUTS 7

9,6 16,17 16,15 16,19 16,13
9,5 194

20. 0. 0. 0. 0.

0. TSET

x

* THIS IS THE ROOF INSULATION MODEL.
®

UNIT 18 TYPE 18 ROOF W/6" INSULATION
PARAMETERS 13

-1. 2. 0.7 09 RFSM

RFBIG RFSM RFBIG AREA 400
0. 22. 22.

INPUTS 8

9.6 16,6 16,17 16,11 16,19

9,500 194

20.0.0.0.0.

0.0. TSET

*

* THIS IS ROOM MODEL
*

UNIT 19 TYPE 19 ROOM IN HEATING MODE
PARAMETERS 22

2. VOL RATE AREA 1.0
CAPAC 4000. -1.5 0. PERIM
20.0.0.0.0.

TSET 0. 0. 0.01 4100.

0. 1600.

INPUTS 14

0,0 0,0 20,16 20,7 19,15
96984,1 151173

14,1 0,0 20,17 0,0

0.0.0.0. TSET

20.0.01 0.0.0.

0.0.0.0.

*

UNIT 49 TYPE 15 SLAB MODEL
PARAMETERS 10

004 -1 21633-1 PERIM 11 4
INPUTS 2

96 194

20 TSET

*

* INFILTRATION MODEL. THIS MODEL IS THE SAME AS THAT USED IN TYPE 19.
*IT IS AN AIR CHANGE PER HOUR MODEL WHERE THE INFILTRATION RATE
* IS AN INPUT. IT IS NEEDED TO OBTAIN THE INFILTRATION COMPONENT OF
*

LOAD FOR THE ENERGY BALANCE.
*

UNIT 50 TYPE 15 INFILTRATION MODEL
PARAMETERS 13

004 -1 1218 1 -1 RATE1 -1 VOL 1 4
INPUTS 2

9,6 194

20 TSET

*

* SPACE HEATER MODEL.
=

UNIT 20 TYPE 20 SPACE HEATER
PARAMETERS 21

1.0.0.0. 100.

-100. 4.4.4.20.

20. 20. 100. 0. 0.

100. 1 100. 1. 0.12

20.

INPUTS 9

0,00,09,62,32,1
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2298194199
0.0.20 -100. 1.
1.0.01 TSET 1913.
*

UNIT 1STYPE 15 ADD CONDUCTION LOSS
PARAMETERS 4

0.0.3. 4.

INPUTS 2

17,2 18,1

0. 0.

*

* THERMOSTAT CONTROLLER
x

UNIT 2 TYPE 2 CONTROLLER OF SPACE HEATER
PARAMETERS 17

3.0.036. 12.

30.7.51.0.0.

0.120. 1. 0. TSET

0. 0.

INPUTS 6

194242,11971969,6

TSET TSET 0. CAPAC 5000. 15.

*

UNIT 21 TYPE 15 CONVERT SPACE HEATER USE TO KW
PARAMETERS 5§

0 -1 3600 2 4

INPUTS 1

20,3

0.

*

* WATER HEATER MODEL.
L4

UNIT 39 TYPE 39 WATER HEATER
PARAMETER 13

0.1951 1.3333 7. 11. 2.

16200. 1 2 60. 16200. 4 4 60.

INPUTS 10

0,00,00,00,00,0

19,4 39,8 39,9 39,10 39,11

1.0 13.41 13.41 12. 60.

TSET 63. 63. 63. 63.

*

UNIT 40 TYPE 15 CONVERT WATER HEATER USE TO KW

PARAMETERS §

0 -1 3600 2 4

INPUTS 1

394

0.

x

* INTEGRATE THE ELECTRIC OUTPUT FROM THE SPACE HEATER OR WATER HEATER
* TO GET HOURLY INTEGRATED LOAD. THE INTEGRATOR IS RESET EACH HOUR.

*

UNIT 24 TYPE 24 INTEGRATOR OF SPACE HEATER USE

PARAMETERS 1

1.0

INPUTS 1

21,1

0.

=

UNIT 41 TYPE 24 INTEGRATOR OF WATER HEATER USE

PARAMETERS 1

1.0

INPUTS 1

40,1

0.

*

* THIS UNIT WRITES OUT THE AVERAGE TOTAL APPLIANCE LOAD (TLOAD), AMBIENT
* TEMPERATURE (AMTMP), HOURLY ROOM TEMPERATURE (RMTMP), WATER HEATER
* LOAD (EWATR), AND HEATER LOAD (EHEAT).

*

UNIT 25 TYPE 25 PRINTER
PARAMETERS 4
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1.0 0. 168. 10.

INPUTS 5

7,1 9,6 19,4 41,1 24,1

TLOAD AMTMP RMTMP EWATR EHEAT
®

UNIT 6 TYPE 15 ENERGY CALCULATION
PARAMETERS 3

003

INPUTS 2

21,1 40,1

0. 0.

=

UNIT 7 TYPE 24 ENERGY INTEGRATOR
PARAMETERS 1

1.0

INPUTS 1

6,1

0.
*

UNIT 26 TYPE 26 PLOTTER
PARAMETERS 4

1. 0. 168. -l

INPUTS 4

24,1 194 96 41,1

TLOAD RMTMP AMTMP EHEAT
*

* ADD SOME OF THE HEAT FLOW INPUTS TO TYPE 19 FOR ENERGY BALANCE.
®

UNIT 48 TYPE 15 ADDER
PARAMETERS 6
000334

INPUTS 3

14,1 50,1 49,1

0. 0. 0.

*

* CALCULATE THE INTERNAL ENERGY CHANGE OF THE HOUSE.
=

UNIT 45 TYPE 15 INTERNAL ENERGY CHANGE OF HOUSE
PARAMETERS 6

00401 4

INPUTS 3

19,14 0,0 0,0

TSET TSET CAPAC

=

* SIMULATION SUMMARY.
*

UNIT 28 TYPE 28 ENERGY BALANCE AND SIM. SUM.
PARAMETERS 15

24 0 168 -1 1 0 40 4040404
INPUTS §

45,1 17,3 15,1 20,16 48,1

LABELS 5

DELTAU QSHG QCOND QHT QS+1+1
*

UNIT 46 TYPE 28 CONTINUE THE SUMMARY
PARAMETERS 10

240168-1040404

INPUTS 3

49,1 50,1 14,1

LABELS 3

QSLAB QINFIL QINT

®

END
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RESULTS OF AVERAGE-LOAD DAY DATA
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Table 20. Temperature Change After Control of Case 1 (Average Load)

Peak 25% cycling 33% cycling 50% cycling
Month

(MW) A/C S/H A/C S/H A/C S/H
1 8225.00 - 0.00 - -0.03 - -3.93
2 7916.00 - -0.01 - -0.01 - -0.14
3 6714.00 - -0.01 - -0.01 - -0.01
4 6293.00 - 0.00 - 0.00 - 0.00
5 6304.00 0.01 - 0.40 - 1.88 -
6 7936.00 1.75 - 2.50 - 4.28 -
7 8827.00 1.85 - 2.62 - 4.42 -
8 7852.00 0.00 - 0.00 - 0.89 -
9 7055.00 0.01 - 0.01 - 0.71 -
10 6455.00 0.00 - 0.00 - 0.00 -
1 7074.00 - 0.00 - 0.00 - 0.00
12 7581.00 - 0.00 - 0.00 - -0.03

Note : Temperature setting for space heating  : 20 degrees Celsius

: Temperature setting for air conditioning

: 21 degrees Celsius
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Table 21.

Load Reduction After Control of Case 1 (Average Load)

Air Conditioner or Space Heater without Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8225.00 - 0.00 - 0.00 - -167.97
2 7916.00 - 0.00 - 0.00 - -2.42
3 6714.00 - 0.00 - 0.00 - 0.00
4 6299.00 - 0.00 - 0.00 - 0.00
5 6304.00 -0.10 - -11.20 - -3.65 -
6 7936.00 |-108.60 - -144.80 - -217.25 -
7 8827.00 {-107.90 - -145.00 - -219.23 -
8 7852.00 0.20 - 0.20 - -52.80 -
g 7055.00 0.00 - 0.00 - -21.67 -
10 £455.00 0.00 - 0.00 - 0.00 -
11 7074.00 - 0.00 - 0.00 - 0.00
12 7581.00 - 0.00 - 0.00 - -9.46

Air Conditioner or Space Heater with Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month

(MW) A/C S/H A/C S/H A/C S/H
1 8225.00 - -126.20 - -126.20 - -258.70
2 7916.00 - -127.70 - -127.70 - -130.10
3 6714.00 - -126.20 - -126.20 - -126.20
4 6299.00 - -133.30 - -133.30 - -133.30
5 6304.00 -7.20 - 16.80 - 54.60 -
6 7936.00 [-211.00 - -247.20 - -319.70 -
7 8827.00 |-208.20 - -245.30 - -302.00 -
8 7852.00 | -69.00 - -63.00 - -102.10 -
9 7055.00 -1.90 - -1.90 - -46.00 -
10 6455.00 | -90.00 - -90.00 - -90.00 -
11 7074.00 - -127.70 - -127.70 - -127.70
12 7581.00 - -73.70 - -73.70 - -73.70
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Table 22. Temperature Change After Control of Case 2 (Average Load)

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8225.00 - 0.00 - 0.00 - -0.72
2 7916.00 - 0.00 - 0.00 - 0.00
3 6714.00 - 0.00 - 0.00 - 0.00
4 62399.00 - 0.00 - 0.00 - 0.00
5 6304.00 0.00 - 0.00 - 0.82 -
6 7936.00 0.76 - 1.44 - 311 -
7 8827.00 1.03 - 1.75 - 3.44 -
8 7852.00 0.01 - 0.01 - 0.13 -
9 7055.00 0.01 - 0.01 - 0.04 -
10 6455.00 0.00 - 0.00 - 0.00 -
11 7074.00 - -0.01 - -0.01 - -0.01
12 7581.00 - 0.00 - 0.00 - 0.00
Note : Temperature setting for space heating : 20 degrees Celsius

: Temperature setting for air conditioning

: 21 degrees Celsius
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Table 23.

Load Reduction After Control of Case 2 (Average Load)

Air Conditioner or Space Heater without Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8225.00 - 0.00 - 0.00 - -30.00
2 7916.00 - 0.00 - 0.00 - 0.00
3 6714.00 - 0.10 - 0.10 - 0.10
4 6299.00 - 0.00 - 0.00 - 0.00
5 6304.00 0.00 - 0.00 - -28.70 -
6 7936.00 | -47.90 - -86.20 - -158.70 -
7 8827.00 | -60.20 - -97.20 - -171.50 -
8 7852.00 0.10 - 0.10 - -11.70 -
9 7055.00 0.40 - 0.40 - 0.50 -
10 6455.00 0.00 - 0.00 - 0.00 -
1 7074.00 - 0.00 - 0.00 - 0.00
12 7581.00 - 0.00 - 0.00 - 0.10

Air Conditioner or Space Heater with Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month

(MW) A/C S/H A/C S/H A/C S/H
1 8225.00 - -126.20 - -126.20 - -156.30
2 7916.00 - -127.70 - -127.70 - -127.70
3 6714.00 - -126.10 - -126.10 - -126.10
4 6299.00 - -133.10 - -133.10 - -133.10
5 6304.00 -7.30 - -7.30 - 29.90 -
6 7936.00 |-150.30 - -188.60 - -261.10 -
7 8827.00 |[-157.30 - -194.40 - -268.60 -
8 7852.00 | -68.90 - -68.90 - -70.50 -
9 7055.00 -1.90 - -1.90 - -2.80 -
10 6455.00 | -90.00 - -90.00 - -90.00 -
11 7074.00 - -127.70 - -127.70 - -127.70
12 7581.00 - -73.70 - -73.70 - -73.70




Tabie 24. Temperature Change After Control of Case 3 (Average Load)

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8225.00 - -0.01 - -0.01 - -0.53
2 7916.00 - -0.01 - -0.01 - -0.01
3 6714.00 - -0.01 - -0.01 - -0.01
4 6299.00 - 0.00 - 0.00 - 0.00
5 6304.00 0.00 - 0.00 - 0.68 -
6 7936.00 0.65 - 1.35 - 3.01 -
7 8827.00 1.00 - 1.70 - 3.38 -
8 7852.00 0.01 - 0.01 - 0.02 -
9 7055.00 0.00 - 0.00 - 0.00 -
10 6455.00 0.00 - 0.00 - 0.00 -
1 7074.00 - 0.00 - 0.00 - 0.00
12 7581.00 - 0.00 - 0.00 - 0.00
Note : Temperature setting for space heating : 20 degrees Celsius

: Temperature setting for air conditioning

: 21 degrees Celsius
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Table 25.

Load Reduction After Control of Case 3 (Average Load)

Air Conditioner or Space Heater without Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8225.00 - 0.40 - 0.40 - -18.80
2 7916.00 - 0.00 - 0.00 - 0.00
3 6714.00 - 0.10 - 0.10 - 0.10
4 6293.00 - 0.00 - 0.00 - 0.00
5 6304.00 0.00 - 0.00 - -25.80 -
6 7936.00 | -41.40 - -78.60 - -151.10 -
7 8827.00 | -50.40 - -87.50 - -161.70 -
8 7852.00 0.20 - 0.20 - -3.10 -
9 7055.00 0.00 - 0.00 - 0.00 -
10 6455.00 0.00 - 0.00 - 0.00 -
11 7074.00 - 0.00 - 0.00 - 0.00
12 7581.00 - 0.00 - 0.00 - 0.00

Air Conditioner or Space Heater with Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8225.00 - -125.70 - -125.70 - -145.00
2 7916.00 - -127.70 - -127.70 - -127.70
3 6714.00 - -126.20 - -126.20 - -126.20
4 6299.00 - -133.50 - -133.50 - -133.50
5 6304.00 -7.30 - -7.30 - 24.70 -
6 7936.00 |-143.80 - -181.10 - -253.50 -
7 8827.00 |-147.60 - -184.70 - -258.90 -
8 7852.00 | -69.00 - -69.00 - -69.30 -
9 7055.00 -2.00 - -2.00 - -2.00 -
10 6455.00 | -90.00 - -90.00 - -80.00 -
11 7074.00 - -127.70 - -127.70 - -127.70
12 7581.00 - -73.70 - -73.70 - -73.70
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Table 26. Temperature Change After Control of Case 4 (Average Load)

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8225.00 - 0.00 - 0.00 - 0.00
2 7916.00 - 0.00 - 0.00 - 0.00
3 6714.00 - 0.00 - 0.00 - 0.00
4 6299.00 - 0.00 - 0.00 - 0.00
5 6304.00 0.00 - 0.00 - 0.35 -
6 7936.00 0.22 - 0.81 - 2.41 -
7 8827.00 0.38 - 1.06 - 2.69 -
8 7852.00 0.01 - 0.01 - 0.01 -
9 7055.00 0.00 - 0.00 - 0.00 -
10 6455.00 0.00 - 0.00 - 0.00 -
11 7074.00 - 0.00 - 0.00 - 0.00
12 7581.00 - -0.01 - -0.01 - -0.01
Note . Temperature setting for space heating : 20 degrees Celsius

: Temperature setting for air conditioning

: 21 degrees Celsius
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Table 27. Load Reduction After Control of Case 4 (Average Load)

Air Conditioner or Space Heater without Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8225.00 - 0.00 - 0.00 - 0.00
2 7916.00 - 0.00 - 0.00 - 0.00
3 6714.00 - 0.10 - 0.10 - 0.10
4 6299.00 - 0.00 - 0.00 - 0.00
5 6304.00 0.00 - 0.00 - -17.50 -
6 7936.00 | -19.80 - -49.40 - -122.90 -
7 8827.00 | -17.90 - -57.10 - -131.30 -
8 7852.00 0.10 - 0.10 - 0.10 -
9 7055.00 0.00 - 0.00 - 0.00 -
10 6455.00 0.00 - 0.00 - 0.00 -
11 7074.00 - 0.00 - 0.00 - 0.00
12 7581.00 - 0.10 - 0.10 - 0.10

Air Conditioner or Space Heater with Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month

{(MW) A/C S/H A/C S/H A/C S/H
1 8225.00 - -126.20 - -126.20 - -126.20
2 7916.00 - -127.70 - -127.70 - -127.70
3 6714.00 - -126.10 - -126.10 - -126.10
4 62399.00 - -133.10 - -133.10 - -133.10
5 6304.00 -7.30 - -7.30 - 10.10 -
6 7936.00 [-122.20 - -151.80 - -225.30 -
7 8827.00 |-115.10 - -154.20 - -228.50 -
8 7852.00 | -68.90 - -68.90 - -70.50 -
9 7055.00 -2.00 - -2.00 - -2.00 -
10 6455.00 | -90.00 - -90.00 - -90.00 -
11 7074.00 - -127.70 - -127.70 - -127.70
12 7581.00 - -73.70 - -73.70 - -73.70
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Table 28. Load Reduction After Control of Case 5 (Average Lo'ad)

Air Conditioner or Space Heater without Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8225.00 - 0.10 - 0.10 - -54.20
2 7916.00 - 0.00 - 0.00 - -0.60
3 6714.00 - 0.10 - 0.10 - 0.10
4 6299.00 - 0.00 - 0.00 - 0.00
5 6304.00 0.00 - -5.40 - -29.70 -
6 7936.00 | -54.40 - -89.80 - -162.50 -
7 8827.00 | -59.10 - -96.70 - -170.90 -
8 7852.00 0.20 - 0.20 - -16.90 -
9 7055.00 0.10 - 0.10 - 5.60 -
10 6455.00 0.00 - 0.00 - 0.00 -
11 7074.00 - 0.00 - 0.00 - 0.00
12 7581.00 - 0.00 - 0.00 - -2.30

Air Conditioner or Space Heater with Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month

(MW) A/C S/H A/C S/H A/C S/H
1 8225.00 - -126.10 - -126.10 - -180.40
2 7916.00 - -127.70 - -127.70 - -128.30
3 6714.00 - -126.10 - -126.10 - -126.10
4 6299.00 - -133.30 - -133.30 - -133.30
5 6304.00 -7.30 - -7.30 - 29.80 -
6 7936.00 [-156.80 - -192.20 - -264.90 -
7 8827.00 (-157.10 - -194.60 - -268.90 -
8 7852.00 | -68.90 - -68.90 - -77.90 -
9 7055.00 -1.90 - -1.90 - -13.20 -
10 6455.00 | -90.00 - -90.00 - -90.00 -
11 7074.00 - -127.70 - -127.70 - -127.70
12 7581.00 - -73.70 - -73.70 - -73.70
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Table 23. Temperature Change After Control of Case 1 (Low Load)

Peak 25% cycling 33% cycling 50% cycling
Month
{(MW) A/C S/H A/C S/H A/C S/H
1 8184.00 - -0.01 - -0.01 - -0.66
2 7488.00 - -0.01 - -0.01 - -0.01
3 6525.00 - -0.01 - -0.01 - -0.01
4 5928.00 - -0.01 - -0.01 - -0.01
5 5994.00 0.00 - 0.00 - 0.00 -
6 7238.00 0.02 - 0.35 - 1.83 -
7 8759.00 1.37 - 2.05 - 3.73 -
8 7726.00 0.00 - 0.00 - 0.52 -
9 6636.00 0.00 - 0.00 - 0.46 -
10 6392.00 0.00 - 0.00 - 0.00 -
11 7000.00 - -0.01 - -0.01 - -0.01
12 7295.00 - -0.01 - -0.01 - -0.01
Note : Temperature setting for space heating : 20 degrees Celsius

: Temperature setting for air conditioning

: 21 degrees Celsius
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Table 30.

Load Reduction After Control of Case 1 (Low Load)

Air Conditioner or Space Heater without Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month

(MW) A/C S/H A/C S/H A/C S/H
1 8184.00 - 0.00 - 0.00 - -1.43
2 7488.00 - 0.00 - 0.00 - 0.00
3 6525.00 - 0.20 - 0.20 - 0.20
4 5928.00 - 0.00 - 0.00 - 0.00
5 5394.00 0.00 - 0.00 - 0.00 -
6 7238.00 0.00 - 0.00 - -64.37 -
7 8759.00 | -80.10 - -80.10 - -188.98 -
8 7726.00 0.00 - 0.00 - -30.03 -
9 6636.00 -0.10 - -0.10 - 4.95 -
10 6392.00 0.00 - 0.00 - 0.00 -
11 7000.00 - 0.00 - 0.00 - 0.00
12 7295.00 - 0.00 - 0.00 - 0.00

Air Conditioner or Space Heater with Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8184.00 - -127.70 - -127.70 - -129.10
2 7488.00 - -127.70 - -127.70 - -127.70
3 6525.00 - -56.20 - -56.20 - -56.20
4 5928.00 - -125.80 - -125.80 - -125.80
5 5994 .00 47.90 - 47.90 - 47.90 -
6 7238.00 | -97.70 - -97.70 - -162.00 -
7 8759.00 }-180.10 - -216.40 - -284.00 -
8 7726.00 | -97.10 - -97.10 - -108.90 -
9 6636.00 | -82.90 - -82.90 - -109.10 -
10 6392.00 {-118.40 - -118.40 - -118.40 -
11 7000.00 - -127.80 - -127.80 - -127.80
12 7285.00 - -127.70 - -127.70 - -127.70
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Table 31. Temperature Change After Control of Case 2 (Low Load)
Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8184.00 - 0.00 - 0.00 - 0.00
2 7488.00 - -0.01 - -0.01 - -0.01
3 6525.00 - -0.01 - -0.01 - -0.01
4 5928.00 - -0.01 - -0.01 - -0.01
5 5994.00 0.00 - 0.00 - 0.00 -
6 7238.00 0.00 - 0.00 - 0.83 -
7 8759.00 0.28 - 0.91 - 2.43 -
8 7726.00 0.01 - 0.01 - 0.01 -
9 6636.00 0.01 - 0.01 - 0.01 -
10 6392.00 0.00 - 0.00 - 0.00 -
11 7000.00 - 0.00 - 0.00 - 0.00
12 7295.00 - 0.00 - 0.00 - 0.00
Note : Temperature setting for space heating  : 20 degrees Celsius

: Temperature setting for air conditioning

: 21 degrees Celsius
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Table 32. Load Reduction After Control of Case 2 (Low Load)

Air Conditioner or Space Heater without Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month

(MW) A/C S/H A/C S/H A/C S/H
1 8184.00 - 0.00 - 0.00 - 0.00
2 7488.00 - 0.00 - 0.00 - 0.00
3 6525.00 - 0.10 - 0.10 - 0.10
4 5928.00 - 0.00 - 0.00 - 0.00
5 5994.00 0.00 - 0.00 - 0.00 -
6 7238.00 0.00 - 0.00 - -14.60 -
7 8759.00 | -22.20 - -51.30 - -123.90 -
8 7726.00 0.00 - 0.00 - -0.30 -
9 6636.00 0.00 - 0.00 - 0.00 -
10 6392.00 0.00 - 0.00 - 0.00 -
11 7000.00 - 0.00 - 0.00 - 0.00
12 7295.00 - 0.00 - 0.00 - 0.00

Air Conditioner or Space Heater with Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8184.00 - -127.70 - -127.70 - -127.10
2 7488.00 - -127.70 - -127.70 - -127.70
3 6525.00 - -56.10 - -56.10 - -56.10
4 5928.00 - -126.40 - -126.40 - -126.40
‘5 5994.00 47.90 - 47.90 - 47.90 -
6 7238.00 | -97.60 - -97.60 - -112.20 -
7 8759.00 |-122.70 - -151.70 - -224.30 -
8 7726.00 | -97.10 - -97.10 - -97.50 -
9 6636.00 | -82.90 - -82.90 - -82.90 -
10 6392.00 |[-119.10 - -119.10 - -119.10 -
11 7000.00 - -127.70 - -127.70 - -127.70
12 7295.00 - -127.70 - -127.70 - -127.70
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Table 33. Temperature Change After Control of Case 3 (Low Load)

Peak 25% cycling 33% cycling 50% cycling
Month

(MW) A/C S/H A/C S/H A/C S/H
1 8184.00 - 0.00 - 0.00 - 0.00
2 7488.00 - -0.01 - -0.01 - -0.01
3 6525.00 - 0.00 - 0.00 - 0.00
4 5928.00 - 0.00 - 0.00 - 0.00
5 5994.00 0.00 - 0.00 - 0.00 -
6 7238.00 0.00 - 0.00 - 0.72 -
7 8759.00 0.24 - 0.86 - 2.41 -
8 7726.00 0.00 - 0.00 - 0.00 -
9 6636.00 0.01 - 0.01 - 0.01 -
10 6392.00 0.00 - 0.00 - 0.00 -
11 7000.00 - -0.01 - -0.01 - -0.01
12 7285.00 - 0.00 - 0.00 - 0.00

Note : Temperature setting for space heating : 20 degrees Celsius

: Temperature setting for air conditioning

: 21 degrees Celsius
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Table 34. Load Reduction After Control of Case 3 (Low Load)

Air Conditioner or Space Heater without Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month

(MW) A/C S/H A/C S/H A/C S/H
1 8184.00 - 0.00 - 0.00 - 0.00
2 7488.00 - 0.00 - 0.00 - 0.00
3 6525.00 - 0.10 - 0.10 - 0.10
4 5928.00 - 0.00 - 0.00 - 0.00
5 5994.00 0.00 - 0.00 - 0.00 -
6 7238.00 0.00 - 0.00 - -15.70 -
7 8759.00 -6.60 - -43.80 - -116.40 -
8 7726.00 0.00 - 0.00 - 0.00 -
9 6636.00 0.00 - 0.00 - 0.00 -
10 6392.00 0.00 - 0.00 - 0.00 -
11 7000.00 - 0.00 - 0.00 - 0.00
12 7295.00 - 0.00 - 0.00 - 0.00

Air Conditioner or Space Heater with Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8184.00 - -127.70 - -127.70 - -127.70
2 7488.00 - -127.80 - -127.80 - -127.80
3 6525.00 - -56.10 - -56.10 - -56.10
4 5928.00 - -127.00 - -127.70 - -127.00
5 5994.00 47.90 - 47.90 - 47.90 -
6 7238.00 | -97.60 - -37.60 - -113.30 -
7 8759.00 |-106.60 - -143.80 - -216.40 -
8 7726.00 | -97.10 - -97.10 - -97.10 -
9 6636.00 | -83.00 - -83.00 - -83.00 -
10 6392.00 |-119.10 - -119.10 - -119.10 -
11 7000.00 - -127.70 - -127.70 - -127.70
12 7285.00 - -127.80 - -127.80 - -127.80
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Table 35. Temperature Change After Control of Case 4 (Low Load)

Peak 25% cycling 33% cycling 50% cycling
Month

(MW) A/C S/H A/C S/H A/C S/H
1 8184.00 - -0.01 - -0.01 - -0.01
2 7488.00 - 0.00 - 0.00 - 0.00
3 6525.00 - 0.00 - 0.00 - 0.00
4 5928.00 - -0.01 - -0.01 - -0.01
5 5994.00 0.00 - 0.00 - 0.00 -
6 7238.00 0.00 - 0.00 - 0.33 -
7 8759.00 0.00 - 0.33 - 1.78 -
8 7726.00 0.01 - 0.01 - 0.01 -
9 6636.00 0.00 - 0.00 - 0.00 -
10 6392.00 0.00 - 0.00 - 0.00 -
11 7000.00 - -0.01 - -0.01 - -0.01
12 7285.00 - 0.00 - 0.00 - 0.00

Note : Temperature setting for space heating  : 20 degrees Celsius

. Temperature setting for air conditioning

: 21 degrees Celsius
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Table 36. Load Reduction After Control of Case § (Low Load)

Air Conditioner or Space Heater without Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month

(MW) A/C S/H A/C S/H A/C S/H
1 8184.00 - 0.00 - 0.00 - 0.00
2 7488.00 - 0.00 - 0.00 - 0.00
3 6525.00 - 0.00 - 0.00 - 0.00
4 5928.00 - 0.00 - 0.00 - 0.00
5 5994.00 0.00 - 0.00 - 0.00 -
6 7238.00 0.00 - 0.00 - -0.80 -
7 8759.00 0.00 - -20.10 - -91.60 -
8 7726.00 0.00 - 0.00 - 0.00 -
9 6636.00 0.00 - 0.00 - 0.00 -
10 6392.00 0.00 - 0.00 - 0.00 -
11 7000.00 - 0.00 - 0.00 - 0.00
12 7295.00 - 0.00 - 0.00 - 0.00

Air Conditioner or Space Heater with Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month
(MW) A/C S/H A/C S/H A/C S/H
1 8184.00 - -127.80 - -127.80 - -127.80
2 7488.00 - -127.70 - -127.70 - -127.70
3 6525.00 - -56.20 - -56.20 - -56.20
4 5928.00 - -126.70 - -126.70 - -126.70
5 5994.00 47.90 - 47.90 - 47.90 -
6 7238.00 | -97.60 - -97.60 - -98.30 -
7 8759.00 {-100.30 - -120.50 - -192.00 -
8 7726.00 | -97.10 - -97.10 - -97.10 -
9 6636.00 | -83.00 - -83.00 - -83.00 -
10 6392.00 (-119.20 - -119.20 - -119.20 -
11 7000.00 - -127.70 - -127.70 - -127.70
12 7295.00 - -127.70 - -127.70 - -127.70
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Table 37. Load Reduction After Control of Case § (Low Load)

Air Conditioner or Space Heater without Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month

(MW) A/C S/H A/C S/H A/C S/H
1 8184.00 - 0.00 - 0.00 - -0.40
2 7488.00 - 0.00 - 0.00 - 0.00
3 6525.00 - 0.10 - 0.10 - 0.10
4 5928.00 - 0.00 - 0.00 - 0.00
5 5994.00 0.00 - 0.00 - 0.00 -
6 7238.00 0.00 - 0.00 - -23.90 -
7 8759.00 | -27.20 - -57.90 - -130.20 -
8 7726.00 0.00 - 0.00 - -7.60 -
9 6636.00 0.00 - 0.00 - 1.20 -
10 6392.00 0.00 - 0.00 - 0.00 -
11 7000.00 - 0.00 - 0.00 - 0.00
12 7295.00 - 0.00 - 0.00 - 0.00

Air Conditioner or Space Heater with Water Heater

Peak 25% cycling 33% cycling 50% cycling
Month
{(MW) A/C S/H A/C S/H A/C S/H
1 8184.00 - -127.70 - -127.70 - -127.10
2 7488.00 - -127.70 - -127.70 - -127.70
3 6525.00 - -56.20 - -56.10 - -56.10
4 5928.00 - -126.50 - -126.40 - -126.40
5 5994.00 47.90 - 47.90 - 47.90 -
6 7238.00 | -97.60 - -97.60 - -121.50 -
7 8759.00 [-127.40 - -158.10 - -230.40 -
8 7726.00 | -97.10 - -97.10 - -104.70 -
9 6636.00 | -82.90 - -82.90 - -89.50 -
10 6392.00 [-119.00 - -119.00 - -119.00 -
11 7000.00 - -127.70 - -127.70 - -127.70
12 7295.00 - -127.70 - -127.70 - -127.70
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