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ABSTRACT

Demand side management (DSM) interventions ainmftaénce the way electricity is used by
customers through specific actions and programriesesired load shape is achieved by
encouraging electricity users to consume more rabégt at times when excess capacity is
available and less during times of constraintsSouth Africa, load management is a fixed
response between 18:00 and 20:00 and incliaies shifting and load curtailment out of the
Time of Use (TOU) tariff peak period. Demand MarReirticipation (DMP), on the other hand,
iIs a more flexible curtailment initiative and isheduled day ahead only if constraints are

expected.

This study evaluates the effectiveness of load gamant and DMP initiatives and proposes an
optimised approach. Customer responses to the T@t§ and the alignment of system and
tariff peaks were investigated by making use of T@ekering and system sent out data. The
research shows that not all customers respondetd @U tariff signal. System peaks and TOU
tariff peaks are aligned however a number of sygteaks occur out of the tariff peak periods.
The research further shows that load managemenDafid initiatives shift and curtail load
effectively. Load management initiatives with areryy efficient component are very effective

and highlight the importance of energy efficiensyaavhole.

Historical system sent out data was analysed amdesults show that a significant number of
load management initiatives can become more dyndtnicas further evident that curtailment
initiatives contribute more to the system than laddfting initiatives. Load management
initiatives are initiated by TOU tariff peaks andtrsystem peaks. Load management initiatives
could therefore be optimised if system constraanésused as a reference and not TOU periods.
It was also evident that load shifting initiativeés not add much value during the low-demand
seasons. The results of this study could be uliltsemprove DSM initiatives. This study also

serves to influence future DSM strategies which anibrace a sustainable DSM programme.
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CHAPTER 1: INTRODUCTION

1.1 Introduction

The South African economy has experienced a heglimth period since the 1990s. This has
been reflected in the national electricity demanalagh. Industrial consumption has increased
with the rise in commodity prices. A massive el@cation programme was initiated by the

South African government and Eskom through the Iéfitican electrification programme.

The proportion of the population with access tatleity has increased from 33.3% to nearly
70% at the end of 1996 [1], [2]. Since 1996, anitaatthl 450 000 residential houses have been
electrified per annum [2]. The residential sec®rasponsible for approximately 17% of the
electricity consumed in South Africa. This sec®ialso responsible for 35% of the maximum
demand (MD) [2].

“The electrification programme has resulted in gniicant increase in peak demand with
profound implications for the future generation mlanix” [3]. Eskom’s plant availability
increased in the early 1990s, but has decline@déent years [1]. As a result of the growth in

demand, Eskom is faced with a fast diminishingmesenargin across the load profile.

The current installed capacity is insufficient taintain a safe reserve margin to meet future
forecasted peak demand [4]. The power system isatgak close to capacity and this could
result in widespread blackouts. The reserve maigas not necessarily translate into an ability
to meet demand, but represents the additional ablailsupply capacity, able to respond to

unexpected system events.

There are different methodologies to determine réserve margin. The reserve margin is
generally calculated by dividing the capacity witie highest demand in one hour for the year.
In theory, most calculations include firm capacigupply and demand) that contributes to
meeting demand. A resource that is able to meetddrfor all hours in a year can be counted
in full. A resource that can only meet the demasrdsbme hours of the year cannot be counted

in full.

Not all utilities use the same criterion to estsiblthe reserve margin. Each utility’s specific
methodology to establish the reserve margin is dase a matter of study and definition.

Internationally, the safe reserve margin requiredmamges between 15% and 20% [5], [6].



Figure 1-1 shows the growth in generation capacdynpared with peak demand on the
integrated Eskom system and the percentage resekgin from 1950 to 2002. The sustained
growth in new generation capacity between 1974 B9@B is evident. The reserve margin
peaking at 38% in 1993 is also evident [1]. Accogdio Figure 1-1, the reserve margin dropped
to 20% in 2002. Eskom’s current published reservargm is 8% [7]. As new record

consumption figures are recorded, this reserve imavij reduce in the future.
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Figure 1-1: Net maximum capacity, peak demand and reserve margin (1950 to 2002) [ 1]

Growth in electricity demand is a sign of a growiegonomy and is viewed positively
internationally. However, electricity outages arwrsages could affect continued economic
growth and reduced local and foreign direct investinin the South African economy [8]. It is,
therefore, very important to ensure a reliable effidient electricity sector. Eskom is investing
in new generation, transmission and distributiofrastructure to meet the demand for
electricity. Eskom is also implementing methodsbedance supply and demand through a

demand side management (DSM) programme.

Investment decisions in the power sector invohghhisks. New generation capacity is capital
intensive and poor investment decisions could mie power needs are not met. Poor
decisions could also result in unnecessary exagsacdy, which is very costly to the economy

[1]. DSM mechanisms should, therefore, be includddture system planning.

Figure 1-2 was drafted using sent out data. Tiygré indicates the growth in consumption for

each year from 2000 to 2006. The consumption has Berted from the highest consumption



in any hour to the lowest consumption in any haur éach year (from 2000 to 2006). By
analysing this graph, it is clear that both theebl®d and peak load periods have increased
steadily over the past six years. This indicateg tonsumption has increased steadily since
1999 and is continuing to increase. This figure dllsistrates why more expensive generation
must be used for more hours each year to meetdhmmd for electricity. Therefore, as the
purchasing costs of electricity increases, so theufarity of DSM offerings in the electricity

industry also increases.

Consumption per annum (high to low)
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Figure 1-2: Consumption sorted from highest to lowest consumption per annum

Figure 1-3 reflects the time frame for new capadityis outlook includes the expected capacity
expansions that are required until 2024. It alsticites the estimated impact of DSM. Eskom
will have to implement an aggressive DSM plan alevith its other supply side options to
ensure that the future supply meets the demandr'fg§. DSM plan will also have to assist in

ensuring a sufficient reserve margin for systenuscand reliability [10].



Timeframe for new capacity outlook
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Figure 1-3: Time frame for new capacity outlook [ 7]

* Eskom announced in December 2008 that it will moteed with construction of a second nuclear pgisert. New base-load

power stations is expected to be coal fired untihfer notice.

It was estimated that Eskom will run out of peakbagacity by the year 2007 [4]. Eskom needs

to invest billions of rands in new power statioofher infrastructure, energy efficiency and

programmes to reduce energy utilisation at certame periods. Because of the expected

shortage in peaking capacity, the National Energgufator of South Africa (NERSA)

mandated Eskom to implement a programme accordindpe Regulatory Policy on Energy
Efficiency and Demand Side Management (EEDSM Ppl4d}; Table 1-1 indicates the annual

displacement/reduction targets per sector accotditige EEDSM policy.

Table 1-1: Categories of EEDSM and annual targets[4]

Programme category Annual displacements (MW)
Residential energy efficiency 32
Commercial energy efficiency 14

Industrial and mining efficiency 16
Residential load management 49
Industrial and mining load management 41

Annual total 152




The EEDSM Policy also provides guidelines for mati@oncerning funding, the administration
of funds, asset ownership and the development dfl p&ns. The implementation of DSM
programmes by energy services companies (ESCogharrequirement to create an awareness

of DSM with customers are also covered.

The NERSA requirement of 152 MW per annum resultan internal DSM long-term target of
4 225MW over a 20-year period. This is more thandhbtput of a new six-unit (approximately
600MW per unit) power station [11]. Eskom initiabpmmitted itself to the target of 152MW
per annum.

However, in view of the current capacity shortagéskom is aiming to achieve a very
ambitious saving of 3 000MW over the next five w007 to 2012) [11]. A DSM target is
also expected to be set over the medium to long @012 to 2025). The intention is to
alleviate supply constraints and to displace tredrfer the more costly supply side options that

are currently under consideration.

Figure 1-4 reflects a typical winter weekday loadfiee and the expected load profile in 2012
with and without DSM interventions. With the currgmowth in demand, DSM initiatives can
effectively defer new capacity.

Eskom  target:  ambitious
target of 3000 MW through
accelerated DSM (2007- 2012)

Average daily load profile
in 2012 without any DSM

MW intervention

Average daily load profile
in 2012 with DSM

Projected demand intervention

2012

Average daily load
profile in 2007

Existing demand
2007

1 Hours 24

Figure 1-4: Expected winter weekday demand profile 2007 to 2012 [9]



1.2 Background on Eskom DSM initiatives

Due to the adverse economic impact of outages, riskses various types of reserves to
manage daily supply shortages in order to avoid-Eieedding as far as possible. The Eskom

DSM programme contributes to these reserves. E§KX8M incorporates the following:

e energy efficiency;

e strategic energy conservation;

« de-marketing to alternative energy sources andlggige options;
¢ load management; and

e |oad curtailment through DMP.

Different funding and incentive mechanisms apply ttee abovementioned DSM initiatives.
Eskom funds load management and energy efficiemogrammes through a fund that was
established by the Department of Minerals and Bné@ME) and NERSA. Projects are

evaluated technically and financially accordingtiberia.

The contribution of energy efficiency and the rethrcof the overall demand profile is crucial.
The load profile can only be reduced by implemangffective energy efficient initiatives. Due
to the fact that energy efficient initiatives camt ve dispatched on request as is the case with
load management and DMP initiatives, this dissieratill mainly focus on load management
and DMP initiatives. Curtailment initiatives withn anergy efficient component will also be

investigated and discussed.

1.3 Load management

Load management is a programme that consists dfdbiting and load curtailment initiatives.
Load is shifted/curtailed out of peak times as ro&di by the TOU (Megaflex, Miniflex and
Ruraflex) tariff. ESCos are private companies tiep to achieve DSM goals. ESCos approach

possible clients and carry out energy audits taldish if a load management project is feasible.

If a project is feasible and the customer supptirésinitiative, the ESCo submits a project
proposal to Eskom. Eskom evaluates each projedraiog to the criterion set by NERSA.
International experience has shown that it is irafpee to have strong private sector

participation in the form of ESCos for the effeetidelivery of DSM programmes [2].

After evaluation, viable projects are implementatce an independent measurement and



verification (M&V) entity has confirmed the basdainAfter an ESCo has implemented the
project, the independent M&V entity verifies thebshift/curtailment. The customer must then
maintain the load shift/curtailment for a periodfaie years. The independent M&V reports
provide an impartial, credible and transparent @ssc The M&V reports further quantify and
assess the impact and sustainability of load manege projects and the results of the DSM

initiatives are reported to NERSA [2].

The contracted savings is mostly an annual aveaiagenot a fixed daily or monthly quantity.
However, this can vary according to what was ithtiproposed by the ESCo and accepted by

Eskom and the customer.

The incentive for customers to take part in loadchaggment projects is financial. This incentive
is achieved through a retail tariff signal. The &sktime of use (TOU) tariff reflects the
variation in energy rates for different times otlealay, as well as the high-demand and low-
demand seasons. The TOU tariff sends signals toroess on the changes in costs associated

with the long run marginal cost (LRMC) of electtyci

TOU tariffs are intended to establish a high eleityr price when the demand is high (high
demand is generally associated with high generaiists). A further intention is to establish a
low electricity price when the demand is low. Figur-5 highlights the times of the day that
have high-demand characteristics, as defined byEgi®m TOU tariffs. This figure further

represents the applicable tariffs for the time ay.d

Daily peaks that occur in the morning and afternoorthe aggregated utility load are referred
to as system peaks. The Eskom TOU tariff strucassumes that system peaks co-incise with
the tariff peak. The Eskom tariff peak times arésMeen 07:00 and 10:00 in the mornings and
between 18:00 and 20:00 in the evening during wagkd

Figure 1-6 represents a typical winter load profileh high-demand characteristics. Peak prices
in the high-demand season are approximately thrdedalf times higher [12] than peak prices
in the low-demand season (Table 1-2). Future Itéftfaurtailment initiatives rely on effective

tariff structures.
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Figure 1-5: The Eskom TOU tariff structure (different rates for specific times of each day) [ 12]

Table 1-2: EskomTOU megaflex tariffs (1 July 2008 to 31 March 2009) [12]

High-demand season (June to August) Low-demand season (September to May)
84.60 c/kWh 24.01c/kWh
22.37 c/kWh 14.90 c/kWh
12.16 c/kWh 10.56 c/kWh
Extremely high cost of supply . ‘
Load shifting Load shifting
Annual -— -
Demand
Growth

Typical Eskom
weekday load
profile (winter)

—

18h00 — 20h00
TOU peak period

Figure 1-6: Typical winter load profile with high-demand characteristics at specific times



1.4 Demand market participation (DMP)

Due to the need for several types of reserves gakéor the reliable operation of a power
system, Eskom developed a load curtailment ingatn 2003 referred to as demand market
participation (DMP). “DMP is a short-term pricingitiative that offers participating customers
the opportunity to receive monetary compensationdad reductions during times of supply or
network constraints.” [13] DMP is effective duriegnstraints but it is possible that DMP can

not be sustained in the long run due to its codtvaitiingness of customers to respond.

DMP was initially developed for large power usensl @an aggregator (combination of smaller
customers) was introduced later. The minimum eletvgl for participation in the aggregator is
500kW to a maximum of 15MW [13]. In times of comghts, Eskom can request these
customers to curtail load. DMP provides reserves would normally have been provided by
generators. DMP addresses supply and network edmtstr It provides additional reserves and
increases efficiencies in the electricity supphdustry (ESI) by allowing customers to

participate in the reserve market.

DMP customers are never asked to reduce load whkonkhas sufficient capacity to meet the
demand. DMP is, therefore, a useful mechanism pplgueserves and to free up capacity for
the energy market. Figure 1-7 illustrates an achosdl curtailment event between 18:00 and

20:00 on a specific day.

Load Reduction

=
s}

|

Hour

‘—LOADiMW MW DURING THE EVENT Start Time —#—Stop Time —%— Baseline ‘

Figure 1-7: Example of DMP load curtailment



The financial benefits of DMP to the customer dmouagh capacity and energy payments. A
customer’s cost to respond to DMP may include aulthd labour costs, paying overtime and
added material and process costs [14]. An additibeaefit of DMP is the reduced possibility

of unexpected interruptions in supply.

Customers participating in the reserve market wecestandby payments only. Standby
payments range from R8/MW to R10/MW per hour [1Slipplemental participants receive
energy, as well as a standby payment. Energy pagmean be as high as R800/MWh,
depending on competition between participants [T@ple 1-3 indicates the applicable DMP

products that are currently available.

Table 1-3: Applicable DMP categories[16]

Category DMP specification
Instantaneous reserves Respond within 10 seconds
(Respond on low frequency) Maintain response for up to 10 minutes

Two events per day or more on a voluntary basis

10-minute reserves Respond within 10 minutes fralh c
Maintain response for up to two hours
Maximum of three events per day

90% adherence up to 600 hours per annum

Supplemental reserves Respond within 10 minutésddours
Maintain response for up to two hours
Maximum of one event per day

90% adherence up to 200 hours per annum

Emergency DMP Respond within 10 to 60 minutes
Maintain response for up to two hours
Maximum of one event per day

90% adherence up to 40 hours

1.5 Power conservation programme

The Department of Public Enterprises (DPE) and Eskaoblished a document on 13 March
2008 that indicates that South Africa is enteritsgsiecond power rationing phase [17]. This
document calls on commercial, residential and ofimealler customers to save 10% of their
consumption and to reduce demand. This media eeledgcated that a reduction of 3 000MW

is necessary to perform the required maintenance.
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If the required load reduction cannot be achievedould result in forced outages (load-
shedding). Further developments regarding poweonialgy through the power conservation
programme (PCP) have been mentioned. These devettpnmust still be finalised and
legislation might be required to enforce this. dfiklation is required, enforcing the PCP
programme will be delayed even further. More ceflective tariffs might resolve this issue

more easily, but will have to be investigated.

1.6 Background to the research problem

In international electricity markets, electricityriges are market related and prices vary
according to supply and demand [6], [14]. The friahincentive for customers to participate in

DSM initiatives, therefore, varies hourly. Utilisegenerally achieve their desired load shape
objective due to very high prices during times ohstraints and low prices when excess

capacity is available. In international markets DBMIso referred to as demand response (DR).

Eskom has initiatives to promote a desired loadpshabjective and this includes load
shifting/curtailment). The two initiatives that Wide discussed in this dissertation are known as
load management and DMP. Load management con$igiad shifting and load curtailment.
With load shifting, load is shifted out of the TQ@gak period to standard and off-peak periods.
With load curtailment, load is curtailed out of tH®©U peak period. The main difference
between load shifting and curtailment is that lcadtailed will not be required in any other
period and is completely removed from the systemxti€pation in load management is

motivated by a financial incentive due to the T@ldft structure.

Load management is, therefore, not based on acaialork requirements or constraints. It is
possible that load management initiatives mighftdbad to periods when constraints are
experienced. It is further possible that the sygpemks and the TOU tariff peaks are no longer

aligned. This could result in a incorrect TOU tasifnal.

DMP initiatives are initiated by capacity or netkaronstraints. Costs are more related to the
real-time pricing of electricity, but still do nogflect real costs. Limited participation in DMP
further makes it difficult to achieve competitidBustomers receive payment only when they are

required to curtail load and payment varies accgytl the response.
It is assumed that a substantial number of megaweatt have to be shifted or curtailed in

future to manage peaks (system or network constjaitt is, therefore, critical to investigate

the current impact of load management and DMPaines. The alignment of tariff and system
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peaks is critical to the success of DSM initiatia@sl needs to be investigated.

Customer responses to the TOU tariff signal wilitier indicate if the tariff signals are
sufficient to achieve a desired load shape objectly is also critical to establish if DSM
initiatives can become more dynamic. Dynamic loathagement may increase the number of
DMP participants that can be dispatched when thexresystem or network constraints. This will
enable load management and DMP to be more in litte proven international practices. This
research, therefore, intends to propose an inegjranhd synchronised approach to DSM

initiatives.

It is critical for Eskom to have sufficient resesvéo address possible supply or network
constraints. The experience in the Western Cape @sult of Koeberg’'s Unit 1 failure, the
shortages of reserve capacity in January and Demefd07 and again in 2008 proved that

Eskom requires additional reserve capacity [18].

1.7 Hypothesis

Load management and DMP can make a significantibotibn to the electricity supply system

if these initiatives are managed optimally.

DSM initiatives can be more effective if currenttietives are optimised and load management
evolve into a more dynamic approach where systemstcaints dictate a response rather than
the TOU tariff structure

1.8 Ouitline of dissertation

The purpose of this dissertation is to:

* investigate the current impact and effectivenessloaid management and DMP
initiatives;

« investigate the alignment of tariff and system peakd the responses to the TOU tariff
signal; and

e establish the ability of load management initiagive become more dynamic.
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Chapter 1 provides an introduction and background to théigm.

Chapter 2 provides a review of the literature.

Chapter 3 investigates customer responses to the TOU tdtiffurther investigates the
effectiveness of the TOU signal, if system pealdtanff peaks are aligned and if system peaks
are still aligned. The results of the analysisiadécated at the end of each section.

Chapter 4 investigates load management initiatives. The adpes and disadvantages of load
management are determined, and the success déhiftidg and the actual performance against
the proposed performance are evaluated. The radultee analysis are indicated at the end of
each section.

Chapter 5 investigates the advantages and disadvantageef &hd determines if DMP can
curtail load successfully. The results of the asialare indicated at the end of each section.
Chapter 6 investigates the need for load management and DMRe future. The growth in
demand is predicted by making use of historicah deitd an assumed growth in historical data.
The possibility of a more dynamic DSM programmals investigated, as well as the role new
tariffs can play in DSM. The results of the anadyaie indicated at the end of each section. All
applicable research questions and the resultdsraliscussed in this chapter.

Chapter 7 concludes this research and highlights possihtindu research topics concerning
DSM.
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CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

This chapter aims to review demand side managertieBM) practices with a view to
improving or streamlining current Eskom DSM praeic Research was performed on

international DSM practices in regulated and uni&gd environments.

The literature review identified various advantaged disadvantages experienced by utilities.

This chapter further highlights the requirementd benefits of new generation DSM.

2.2 Background on demand side management

DSM principles were initially introduced in the ¢a1800s and featured choice among fuels and
clear pricing signals [19]. DSM further evolved digethe oil crisis in the 1970s. Electrical
utilities were forced to find alternative ways oéeting the demand for electricity. Alternative
ways were required when constraints were experierme when electricity prices were

extremely high.

DSM is defined as “...the planning, implementataonrd monitoring of those utility activities
designed to influence customer use of electrigityvays that will produce desired changes in
the utility’s load shape, i.e. changes in the tjpagtern and magnitude of a utility’s load. Utility
programmes falling under the umbrella of DSM ineludad management, new uses, strategic

conservation, electrification, customer generasind adjustments in market share” [21].

DSM influences the way electricity is used by cuoses through specific actions and
programmes. DSM is orchestrated by a utility tauesor defer the requirement for new supply

side assets [20PSM embraces the following critical components tilfty planning:

* “DSM must influence customer use. Any programmended to influence the customer’s
use of electricity is considered DSM” [20];

«  “DSM must achieve selected objectives. To congtitut'desired load shape change’, the
programme must further the achievement of seleotgdctives, which must result in a
reduction of average rates, improvements in custosagisfaction and achievement of
reliability targets” [20]; and

* “DSM must be evaluated against non-DSM alternatifé® concept requires that selected
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DSM programmes further the objectives to at leastgeeat an extent as non-DSM
alternatives such as generating units, power pseshand supply side storage devices. It is
at this stage that DSM becomes part of Integraesb&rce Planning” (IRP) [20].

Figure 2-1 describes the initial DSM planning modeleloped by the Electric Power Research
Institute (EPRI). This model identified six diseelbad shape objectives and technologies
compatible with each load shape and end use olgedthe end product was the framework for
very specific DSM programmes capable of achievingtiity's load shape objective. The

product of this process is still the basis for gxg DSM programmes [19].
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Figure 2-1: DSM planning models[ 19]

15




The six discrete load shape objectives identifiedhe EPRI [19] in Figure 2-1 are described as

follows:

Peak clipping/curtailment is a reduction of system demand during peak-laaubgds to
decrease the size of the peak. This can be achiyvatstalling demand controllers, timers
or utilising a building management system (BMS)kstatch off certain processes at peak
times.

Valley filling is achieved by sending out signals for custonmerdhsume electricity in off-
peak periods. A typical example is the Eskom tinfieuge (TOU) tariff structure that
encourages customers to consume more energy peak-periods.

Load shifting has a primary focus, which is to reduce a custm@mand during peak-
load periods. Load is moved from peak-load perimdeff-peak periods. This is achieved
by a specific tariff signal, or it could includegeils such as interruptible tariffs, real-time
pricing, TOU rates, direct load control and othead management programmes. Load
shifted is consumed in another time period. Loaftisg is also required by the National
Energy Regulator of South Africa (NERSA) as destilin the Energy Efficiency and
Demand Side Management (EEDSM) Policy [4].

Strategic conservationis achieved by a utility sending signals to custmsnto reduce
consumption and thereby reducing total system ddmain example of strategic
conservation is energy efficiency (EE). The priméogus of EE is to reduce the use of
energy both during peak and off-peak periods, difyiavithout affecting the quality of the
services provided. With energy efficiency, moreabed equipment is installed to produce
the same or improved end-use services (for exantiglgjng, heating, cooling, efficient
motors, variable speed drives and solar hot watstems), while consuming less energy

than was consumed with the use of the originalpygant.

EE has numerous benefits. One of these is thaetlvionmental impacts associated with

electricity generation are reduced. This also letmd$uel savings. Table 2-indicates the

emissions and resources associated with each k\Meafricity generated using coal as a

resource. In South Africa, 89% of the total eledtyi generated is generated with coal as fuel

source [9]. Another benefit of EE is that in moases it is less expensive, cleaner and faster to

implement than supply side options [2].
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Table 2-1: Sandard value per kW of electricity generated [ 9]

Fuel source Electricity generated
co 0.96 kg/kW

Coal 0.5 kg/kw

NOx 3.87 kg/kwW
Particulate 0.28 gr/kWh

SO 8.79 gr/kw

H°O 1.26 liter/kW

The implementation of EE technologies result ir@uction in a utility’s sales. Because of this,
EE generally happens without utility interventiamdas rather guided by government policy or

environmental benefits.

e Strategic load growthis achieved if the utility increases its saledriyoducing incentives
for customers to increase demand. Eskom achidwedntthe 1970s and 1980s by offering
very attractive long-term pricing agreements whehad excess base-load capacity. By
doing this, Eskom was able to spread fixed capaciys over a larger sales base.

* Flexible load shapeis related to the reliability of the system. Ui#s can request certain
customers to reduce reliability in exchange foremoves [20]. This generally includes

interruptible or curtailable load customers.

The Institute of Electrical and Electronics Engirse€IEEE) Demand Side Management
Techniques Working Group did a significant amouintvork to tabulate and categorise all the
load management alternatives in order to achiead &hape objectives. Six load management
alternatives were identified. These are end-usdraipnutility equipment control, energy

storage, dispersed generation, customer DSM prom®and performance improvement [21].
2.3 DSM and integrated resource planning

Integrated resource planning (IRP) is a planningcess for electricity utilities. The process
evaluates many different options for meeting futeiectricity demands and selects an optimal
mix of resources that minimises the cost of eleityrisupply, while meeting reliability needs

and other objectives [22].

Normally, IRP programmes include many supply sideasares, ranging from utility-owned

power plants, independent power plants, power @meed cogeneration, renewable energy
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sources and DSM programmes. International studiesnd that cost-effective DSM
programmes can reduce electricity use and peak mtkima approximately 20 to 40% [22]. By
financing IRP and DSM efforts through electricigriffs, costs to the average customer are

reduced and a higher level of system reliability aacurity are achieved [22].

Depending on the time of day and the consumptidiepe of a customer, load changes may be
integrated into the utility’s scheduling and disiiatiecisions on a day-ahead basis. If managed
optimally, changes in the load could offset addisib capacity, which lowers the average
variable electricity costs. The long-term impact @EM hinges on reducing system peak
demand [6].

Figure 2-2 indicates the impact of DSM initiativésat reduce peak demand and directly
postpone the need for utilities to invest in popwkmts, power lines and other capacity-driven
infrastructure. This produces substantial avoidest savings. DSM programmes designed to
reduce capacity needs are valued according to #grginal cost of capacity. Marginal capacity

is assumed to be a peaking generator specificdtlgdto run a few hours a month to meet the
system demand [6].

Utility System Operations

Customer load change
Day ahead
scheduling
Real time dispatch
Event cost Average energy
down costs down
N -
Retail customers
bill saving
demand lower investment J

—| |

System peak Capacity
costs down 1

Figure 2-2: Impacts of DSV programmes (vertically integrated utilities) [ 6]
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2.4 DSM in regulated and unregulated environments

Utilities have operated DSM programmes in regulated unregulated environments for many
years[23]. In restructured (unregulated) electricity kets, load shifting and curtailment is

known as demand response (DR). The characteristigeneration has the effect that when
demand approaches the installed capacity, eachmeart of demand imposes increasingly more
costs than the previous increment [6]. “In otherdgo the marginal cost of electricity becomes

more sensitive to changes in demand when demaaickedy high.” [6]

In the South African electricity supply industrySE, demand is very high in relation to supply
capacity. This has been reflected in the high pyjmemergy purchases during the 2007 financial

year.

The main differences between DSM programmes inlaggg and unregulated environments are
indicated in Table 2-2. It is evident that custosniarunregulated electricity markets have more
choices than customers in regulated market or oadigi integrated utilities. The available

choices influence a customer’s decision to pawigpn any particular event. DSM in regulated

and unregulated markets is further described itise2.4.1 and 2.4.2.

Table 2-2: DSM programmes in regulated and unregulated markets [ 19]

Unregulated electricity markets Vertically integrated utilities/

regulated electricity markets

Electricity prices more elastic Electricity pricdeslastic

Customers respond to spot prices Customers respmridng run margina
pricing

Multiple load shape objectives Options usually geed to address limited

load shape objectives

Participation based on economic decisions Participaoften limited to customers
with specific end-use characteristics |or

ability to provide minimum load reduction

Market value charged for service Fixed incentivesuld over- or under

reflect market value of load

Market value paid to customers Fixed incentivesuldoover- or under

D
(o

compensate customers for load contribut
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The US Department of Energy identified direct, afal and other benefits that are realised by
most or all DSM participants [6]. These benefits imdicated in Table 2-3. Most of the benefits

are applicable to regulated and unregulated esliti

Short-term market benefits include savings in \@eaupply costs through energy efficiency.
In regulated utilities, short-term benefits areited to avoided variable supply costs [6]. Long-
term market benefits include the reduction of sysfeeak demand, and the reduction of the
need for additional generation capacity or othérastructure. It further enables the utility to

better manage constraints. Avoided capacity investnis, therefore, a significant source of
savings. However, to reduce capacity costs, DSMnarames must be able to shift/curtail load
at high-demand times throughout the year [6]. Réitsg benefits include a reduction in the

probability and the extent of forced outages. Rty benefits can be valued at the reduced

risk of an outage [6].

Table 2-3: Benefits of DSM [ 6]

Type of benefit | Recipient(s) Benefit Description/source

Direct benefits Customers | Financial benefits » Bill savings
undertaking * Incentive payments (incentive-
demand based demand response)
response Reliability benefits * Reduced exposure to forced outages
actions « Opportunity to assist in reducing

risk of system outages

Collateral Some or alll Market | Short-term |« Cost-effectively reduced margingl
benefits customers | impacts costs/prices during events
* Cascading impacts on short-term

capacity requirements and load

serving entity (LSE) contract price

(72}

Long-term |+ Avoided (or deferred) capacity costs
* Avoided (or deferred) transmission
and distribution infrastructurg
upgrades
* Reduced need for  market
interventions (for example, prige
caps) through restrained market

power
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Type of benefit

Recipient(s)

Benefit

Description/source

Reliability benefits

Reduced likelihood

conseguences of forced outages

an

» Diversified resources available o
maintain system reliability
Other benefits Some or allMore robust retaile Market-based options provide
customers markets opportunities for innovation in
independent competitive retail markets
system Improved choice e Customers and load serving entities
operators/ can choose desired degree |of
regional hedging
transmission « Options for customers to manage
organisation their electricity costs, even where
load serving retail competition is prohibited
entity Market performancés Elastic demand reduces capacity for
benefits market power
» Prospective demand response deters
market power
Possible * Reduced emissions in systems with

environmental benefits

high-polluting peaking plants

Energy

security

independencs

Local resources in states or regic

reduce dependence on outs

supply

ns
de

2.4.1 DSM in regulated electricity markets/vertically integrated utilities

Vertically integrated utilities are responsible fmneration, transmission, distribution and retalil

services and are indicated in Figure 2-3. Theddiedi make capacity investment decisions

based on their IRP. The investment plan is approvgdan independent regulator. The

regulatory framework provides utilities special entives to adopt DSM resources. These

incentives are offered as valid alternatives tqpiupide resources in a way that does not lead to

reduced profits, and ensure an optimal mix of regsiat minimum costs.

Retail rates are based on cost to supply powemratpg and maintenance costs, the average

cost of supplying electricity and the profit margi@apacity investments are usually fully

recovered over a period of time along with a predeined return on investment [@roper
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implementation of DSM initiatives can result in rsigcant savings to customers in the long

term. Eskom is a vertically integrated utility ampkerate in a regulated environment.

Figure 2-3 illustrates the short-term impacts fertically integrated utilities. “The supply curve
typically reflects the utility’s supply costs, incling its own generation plants and incremental
wholesale power purchases. If demand is forecastdx Q, then the demand reduction that
moves consumption tQor results in an avoided utility supply costs” [6].€élavoided supply
costs will beAC (C — R).

A
Electricity
Supply :
Cost Supply
C
Cor
demand
reduciion
——— D[R benefit:
avoided variable
supply costs
. -
Q, Q  Quantity of
) Electricity

Figure 2-3: Impacts of load management for vertically integrated utilities or regulated markets

[6]

In this environment, DSM is most useful to impraasset usage, to create flexibility on the
system for reliability and security of supply, tefér capacity investment or assist in times when
capacity shortages are experienced. The valuesahitiative will determine how customers are

compensated for their participation.

2.4.2 DSM in unregulated electricity markets

“Economic theory asserts that the most efficierg aka resource occurs when consumption

decisions are based on prices that reflect the imargost of supply.” [6] In competitive
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markets, investment decisions are largely lefh® market [24]. DSM initiatives are triggered
by economic considerations, as well as system tondi[25]. Generators offer bids according
to their marginal costs and utilities bid their exfed load forecast. The outcome of this is a
demand curve with the market clearing price eqouahé price of the last generator dispatched

to meet the demand.

Figure 2-4 represents the impact of DSM in wholesaarkets. A demand reduction fr@pnto

Qpr represents the avoided variable costs, as wellradwtion in the price of all the energy
purchased in the markaiP (P — PpRr) [6]. The extent of the saving from the price reduction
depends on the quantity of energy purchased irsplo¢ market. Bilateral contract prices also

decrease over time if real-time prices and day-éipei@es decrease over time [6].

A
Spot
Market Size of price-reduction beneft Demand |
. dzpends on amount of enangy Su
li”“'..E .Cf tracded In spat markets rather tran PRIy
Electricity commited In tarwand contracts Demand.,
i
- DR benefit
.+ Price reduction
« o spot market
 buyers
Pebp———————————— ===
i demand
b reducsian
enargy raded i forward consracts snot markeks
—— DR benefit:
avoided variable
supply costs
. >
Qe @  Quantity of
Electricity

Figure 2-4: Impacts of load management for deregulated markets/utilities[ 6]

As in the regulated market environment, load sigfiturtailment is also useful in the
unregulated environment to improve asset usagegréate flexibility on the system for
reliability and security of supply, to defer capggdnvestment or assist in times when capacity
shortages are experienced. The customer will rediie spot price of electricity as payment if

the customer responds.
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2.5 Effect of load shift on aggregate demand

The role of DSM is to modify the load shape in dkaifarge enough to reduce cost or to ensure
a higher available reserve margin during a spetifie. Small adjustments in end-use appliance
usage enabled by simple control schemes can hreenandous potential effect on the system.
During the summer of 2000, peak load in Califorwas approximately 51 000MW and the
residential air conditioning load contribution wagsproximately 14% [26]. llic, Black and Watz
calculated that a reduction of 83% in air conditignload lead to an overall demand reduction

of 12% during the system peak [26].

Figure 2-5 shows the effect of reductions betwemrad 35% in air conditioning load on the
daily demand curve. A 35% reduction in the air dtoding load lowered the system peak by
almost 6% and did not create a new system peak T26$ example proves that load reduction

or load shifting can smooth out the peaks durintpgetimes of the day [26].

Load shift on aggregate demand
42000
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Figure 2-5: Effect of load shift on aggregate demand (air conditioning) [ 26]

2.6 Declining investment and participation in conentional DSM offerings

International restructuring initiatives, growing gnasis on customer choice and the emergence
of wholesale electricity markets increased the nieedDSM initiatives. However, an EPRI
report published in 2003 identified that what shkiodlave been a growing initiative —
investments in DSM initiatives — has been declinibg]. Figure 2-6 highlights the declining
investment in DSM from 1993 to 1999.
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EPRI identified the following reasons for the deeli

* Customers prefer alternatives that provide fleitipiind economic choice. Customers also
demonstrate a declining acceptance to optionsfixitl reductions that limit their ability to
control their own operations. [19]

« High-utility focus on reliability-based DSM ignorazsistomer needs for alternative cost
management options. [19]

* Load shifting and curtailment have accumulated legguwy and operating concerns that

substantially limit their perceived reliability aegonomic value [19].

DSM Investments in USA (1990-1999)
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Figure 2-6: DSM investmentsin the USA 1990 to 1999 [ 19]

The US Department of Energy further indicated itestudies suggest that participation rates
may have been adversely affected by the fact thstbmers incurred significant upfront costs
without the assurance of a guaranteed benefitmstafgpayments [27]. Utilities and regulators

are, therefore, reluctant to invest in problemptmgramme offerings or DSM options that were

once considered popular offerings.

“Commitments to fixed demand reductions that ateroft odds with business needs or other
service concerns, the lack of customer control iaadequate incentives all contributes to the
decline” [19]. DSM options are, therefore, challedgto provide better technological
capabilities, incentive structures and operatirangl New generation DSM provides flexibility
that addresses multiple load shape objectivesyalibgreat number of customers to participate,
allows customers to receive a variety of incentigad permits customers to participate in a

variety of programmes.
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New generation DSM offerings are acceptable tocensts and utilities achieve their load
management objectives if the right signals andritices are applied. DSM is also considered
to be a critical component in maintaining a rekaélectricity network.

EPRI established that the ability to address mieltipad shapes can provide energy companies
with the flexibility to simultaneously address iefuent reliability-driven emergency
operations, as well as well as day-to-day risk pnde management strategies. EPRI further
identified that DSM options must incorporate foaste design features [19]. These options are

as follows:

« Multiple load shape objectives:All energy markets (regulated or unregulated) eepee
periodic episodes of volatility. DSM can mitigatkist at a fraction of the costs of
conventional generators. Flexibility also allows ¢astomer choice [19].

* Pricing and incentives: Pricing should reflect system conditions or opatatonditions.
Pricing based on this method allows each customailor actions in order to balance the
cost of service with the balance of service [19].

« Advanced metering: Metering technologies need to support customeioogtand are a
necessary component of DSM projects. This will ats@ble utilities to compensate
customers fairly for their response [19].

» Condition for electric service: DSM options should be available to all customerd this

must become a way of life [19].

2.7 Conclusion

The value of lost load (VOLL) is a measure of whastomers are willing to pay in order to
avoid outages. This value differs between custortesses and groups, but is mostly greater
than the retail price of electricity. Electricitpsts to a country’s economy are based on supply
costs and shortage costs. DSM technological pregresld offer alternatives to substantially

reduce shortage costs [28].

DSM programmes are effective in reducing peak deindinenables utilities to achieve a
specific load shape objective and has been usedtigkly during emergencies to reduce load in
a short space of time. DSM investment declinedhenlate 1990s. This decline was mainly due
to limited customer choice and fixed incentivesymed with fixed reductions and uncertainty
with the return on investment. It was also noteat tustomer responses should be guided by

network constraints and not by fixed contracts.

The review of this literature highlights that demdaaductions is effective in electricity markets.
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In the absence of a competitive electricity marks&M initiatives in South Africa might face
challenges not experienced in international mark&tsclining customer participation may also

indicate the level of sustainability for DSM intiiles.
This study will evaluate Eskom DSM with the intational best practices identified in this

chapter. This study will further investigate DSMagtices in Eskom and establish if load

management initiatives can become more dynamiogare active customer participation.
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CHAPTER 3: TOU TARIFF SIGNAL AND DEMAND

3.1 Introduction

Time of use (TOU) tariffs are an approximation eflrtime prices [29] and reflect average
costs of generation, transmission and distributasell as a retail component. Prices are fixed
in advance and usually differentiate between sesasamd specific times of each day.
International data shows that most TOU participamse less electricity during high and

standard tariff periods and more electricity duraffgpeak periods.

The purpose of this chapter is to investigate tiiewing:

e The response of customers to the TOU tariff

¢ Whether system peaks and TOU peak periods areedlign

The results of the analysis in this chapter wilndastrate whether the TOU tariff represents the
correct signal to shift load effectively out of sy®-peak periods. This chapter will further

highlight possible shortcomings of the current Ta@uiff.

3.2 Response to TOU tariffs

TOU tariffs are fixed for a year in advance and r@oé based on real-time prices. The price to
generate electricity changes as demand and supglyges. Internationally, the objective of
TOU tariffs is to reduce demand at certain timeshef day in order to achieve a desired load
shape. The significant disadvantages of TOU taaffs that prices do not reflect real-time

events [30].

The intention of the Eskom TOU tariff is to sendanl pricing signals to customers. This pricing
signal reflects the long run marginal cost (LRM@)etectricity. In turn, significant load shape
objectives can be realised when customers takentaty@ of these rate options [31]. It is

important for Eskom to know what the response s $pecific tariff signal.

Knowing the correct customer response to tariffialg will assist in the development of further
pricing strategies. It will also assist in the depenent of DSM objectives [19] and in the
effective planning and development of integratesbuece planning (IRP). The TOU tariff was

developed by Eskom and underwent significant cheunge002, especially as far as the price
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differentiation between the high and low-demandsera was concerned [32].

Eskom’s Resources and Strategy Department initiate@search project in 2003 with the
intention to quantify and model various customspomses to the TOU tariff. During this study,
data from 2001 was used as a baseline [32]. Thy sias based on data for 2003 and the
results proved that the TOU tariff signal led teyatem-peak demand reduction of between 400
and 500MW (between 18:00 and 19:00 on winter wegkd82].

The initial observation done in 2003 was subjednhfluences such as the strength of the South
African rand, labour actions, commodity prices el ability of customers to respond to the
TOU tariff. To obtain more certainty on the impadtthe tariff signal, further research was
undertaken in 2005 [32]. The intention of this eesl was to factor in aspects such as exchange
rates, labour actions and commodity prices andotoelate this information with the various
customer responses. Sample design techniques sedaa model the response and hourly load

data was filtered to remove significant changethéndata [32].

The software that was developed during the stug@yyas used to filter various customer data.
The customer data analysed in this section is egigk to all customers on the TOU tariff and
does not apply to load management customers orflyrnhation for the customers was grouped
into 24 categories [32] and the data is represeatedrding to the average weekday load for

each customer group. The customer groupings wede i@ of the following customers:

* Casting of metals, which includes conventional iaml steel, ferrochrome, ferromanganese
and ferrosilicon [32]

« Manufacture, which includes basic chemicals, matehicles, other textiles and plastic
products [32]

e Mining, which includes coal and lignite, diamongds]d, uranium, iron ore and non-ferrous
metals [32]

e Petroleum refineries/synthesis [32]

e Silicon metals [32]

« Stainless steel [32]

e Titanium [32]

e Zinc [32]

For the purpose of this analysis, each of the aiemioned customer groupings (casting of

metals, petroleum refineries, mining of diamondsing of coal and lignite, etc) were regarded
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as individual customer groups to ensure confidétytia

Customers were classified according to 24 diffegnoups. Customer Group 1 had the most
fluctuations in seasonal consumption patterns, evt@lustomer Group 24 had the least

fluctuations in seasonal consumption patterns.

Responses for all the customer groups were filtesethe various years, from 2003 to 2006, as
well as seasons. Figure 3-1 shows the percentaguditions per season for the various
customer groups. Consumption patterns for Custddmeup 1 fluctuated with 25.8% between

the high and low-demand season, while consumptiorCfistomer Group 24 fluctuated with

2.1%. The average fluctuation per season was 919 .fluctuation per season illustrates the
following characteristics:

e Some customer groups are more sensitive to hideetrieity prices than others.

* Some customers seem able to vary their activitiesrder to respond to the TOU tariff
signal.
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Figure 3-1: Fluctuation per season for various customer groups on the TOU tariff [ 32]

Average weekday profiles for three of these custogneups were selected for analysis. The
three groups represent a good balance in fluctudtgiween the high and low-demand season.
The groups that were selected are group 1 with%25fictuation, group 7 with 11.6%

fluctuation and group 19 with a 5.5% fluctuationtvibeen seasons. The average weekday
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profiles for the three customer groups are showfgure 3-2, 3-3 and 3-4.

Figure 3-2 shows an average weekday profile fort@nsr Group 1 during 2005 and 2006 for
both the high and low-demand season on the TOUF.t&s$ indicated in Figure 3-1, this
Customer Group had a 25.8% fluctuation betweenossashis fluctuation is also visible in
Figure 3-2.

Figure 3-2 further shows the customer’'s abilityréspond to TOU peak periods. The only
period without sufficient incentive for Customerd@p 1 to respond is during the TOU evening
peak period (low-demand season). By analysing résdponse, it is clear that this customer
group has the ability to shift load and that theghth possibly benefit financially by shifting
load according to the TOU tariff signal.

It is possible that due to production processest@uer Group 1 is able to respond to the TOU
morning peak irrespective of the season. It is ewidhat the pricing signals for the high-
demand season have an impact on this customer’grdeqision to respond. Customer Group 1
is responding to the TOU tariff signal in the hiddéamand season. It is likely that this customer
would have responded during the evening TOU pealogé¢low-demand season) if the tariff

signal was sufficient during this season.
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Figure 3-2: Average weekday profile for Customer Group 1 during 2005 and 2006 (high- and

low-demand season) on the TOU tariff [ 32]

Figure 3-3 shows an average weekday profile fort@uner Group 7 during 2003, 2004, 2005
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and 2006 (high-demand season) on the TOU tariff.afothe years between 2003 and 2006,
this customer group has been responding to the W@thing peak period. During 2003 and
2004, this customer group also responded to the B@&hing peak period. There was no
substantial reduction in the demand patterns du2o@s and 2006 during the TOU evening

peak period. This customer group’s demand has iatseased annually and shows a steady
growth from 2003 to 2006.
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Figure 3-3: Average weekday profile for Customer Group 7 during 2003, 2004, 2005 and 2006
(high-demand season) on the TOU tariff [ 32]

Figure 3-4 shows an average weekday profile fort@uosr Group 19 during 2004, 2005 and
2006 (high- and low-demand season) on the TOUftdrtie highest average consumption
occurred in 2005 during the low-demand seasonenhi second highest average consumption
occurred in 2006 during the high-demand seasois. dtear that this customer group did not
respond to the TOU tariff signal. The customer gisdoad is gradually increasing and the
incentive to reduce consumption during TOU pealesdmt seem to be sufficient to encourage
this customer group to reduce demand during TOW pedods.
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Figure 3-4 Average weekday profile for Customer Group 19 during 2004, 2005 and 2006 (high-
and low-demand season) on the TOU tariff [ 32]

3.2.1 Results

By analysing the results of the various responséisd TOU tariff signal, it is quite obvious that
certain customer groups respond to TOU tariff dgnavhile others do not respond at all.
Customers may not necessarily respond to econamaientives alone [31]. Environmental,
political and other factors might also play a rd#®wever, in most cases economic incentives

play the biggest role in a customer’s decisiorepond to a TOU tariff signal [31].

The results in this section prove that customeugsaespond more to the TOU tariff during the
high-demand season compared than in the low-derseasbn. A higher tariff during the low-
demand season could encourage customers to resipmimd) this season. Higher tariffs will

have economic implications but the correct taiifinals should not lead to the creation of new
constraints.

3.3 System peaks

A specific amount of operating reserves are requaeany given time period. The operating
reserves secure capacity that will be availablettierreliable and secure balancing of supply

and demand following a contingency loss.
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The reserves that might be required varies, butldes of a unit at Koeberg, three units at
conventional coal-fired power stations, and the cCahBassa feed will result in a loss of
920MW, 1 800MW and 1 800MW respectively [33]. Opera reserves are therefore required
to be not less than 1 800 MW [33]. The South Ami€arid Code are used as a guideline in this
section and defines five categories of operatirgpmees: instantaneous reserves, regulating

reserves, supplemental reserves, emergency resargésn-minute reserves.

Operating reserves of less than 1 800MW do notyirtipht an outage is eminent. This simply
indicates that the required reserves necessanpiuost the system in case of a contingency loss
are not adequate. When the operating reservegssdHan the required 1 800 MW [33], this

might be a sign of system constraints.

Day-ahead forecasts can be attributed to factas dhn be measured, such as behaviour or
people, weather variables and economic trends T20%. is a fairly accurate estimation and data
for the available operating reserves, which includay-ahead estimations, as well as actual
system data, was collected and analysed. The permésented by the data ranges over a 20-
month period between January 2006 and Septembétr @00 represents the high- and low-
demand seasons. Where the reserves were less 8@h MW in any hour, as prescribed as a
minimum by the grid code [33], this was added tal@ssh in which hour of the day constraints

were more likely to occur.

Figure 3-5 was derived from actual data that was$ set and indicates the percentage of times
that the operating reserves were less than thermamiprescribed reserves [33]. The results are
grouped according to the TOU tariff periods andpgbaods in figure 3-5 are represented in red,
yellow and green for the high, standard and low alearperiods respectively, as defined in
Chapter 1. The results show that 39.71% of the ta@ings occurred during the TOU peak
period, 47.79% occurred during the standard TOlUbdeaind 12.5% occurred during the TOU
off-peak period.
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Figure 3-5: Reserve constraints during the TOU tariff period

Figure 3-6 represents the day-ahead estimates,elisas the actual data sent out. The
constraints are represented as a percentage forhear of the day and the TOU periods in
figure3-6 are represented in red, yellow and gfeerthe high, standard and off-peak periods
respectively, as defined in Chapter 1. By analydtigure 3-6, it is clear that the TOU peak

period is still the time when most constraintsexperienced on the network.

However, the standard TOU period after the moriiJ peak period and the hours before
and after the evening TOU peak period also reptesenstraints. This can be attributed to
growth in electricity consumption and, to a lessetent, to the possible creation of new peaks
due to load shifting. It is also noticeable howwaeately the day-ahead estimations were done in

comparison to the actual reserve constraints.
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Figure 3-6: Hours of the day with reserve constraints indicated as a percentage per hour

3.3.1 Results

The analysis in this section highlights the faeittbonstraints are experienced during the TOU
tariff periods. Further constraints are also exgered during standard TOU periods. The results
show that more constraints occur during standard) Tg@riods (47.79%) than during peak
periods (39.71%). To shift load out of the TOU ffgperiod could lead to further constraints in
the periods after the TOU tariff periods.

3.4 Alignment of peaks

The development of a TOU tariff is generally a hagel detailed process. One of the factors
that influenced the development of the Eskom TQifftia the demand profile, which indicates

the times of day when the highest consumption ac@g well as its duration. To establish if the
system peaks remained aligned and to establigle iTOU peaks and the system peaks are still

aligned, actual sent out data between 1990 and w@87nalysed.

Weekly sent out profiles for the various years wasmpared and are presented in this section.
The weekly profiles for the different years remainelatively constant. The analysis was
repeated for a number of weeks during a year aedréisponses still remained relatively
constant. For the purpose of representing the sisaby the data in this section and the sections
that will follow, Week 4&5 and Week 27&28 was sdbt for analysis. The basis for this

selection:
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* The profiles remained relatively constant excepstasonal differences.

Week 4&5 is during the low-demand TOU tariff seasond week 27&28 is during the

high-demand TOU tariff season. Both weeks fall irperiod when industry operates

normally.

«  Week 27&28 represents a very cold time of the yeduien excess electricity is generally

consumed.

Figure 3-7 represents data sent out for Week 4&®nduhe low-demand season (weekdays
only) between 1990 and 2007. Only seven of the élafs/are presented for practical reasons.
The results for the 17 years remain relatively tamtsand these seven years represent a good

balance. Figure 3-7 clearly shows that, excepiafsteady increase in demand over the years,

consumption patterns have not changed much overa$iel 7 years.

The evening peak is generally higher than the ofghe day. Slightly higher consumption
occurs during the morning and evening TOU peakogerif compared to the rest of the day,
and consumption declines substantially between @10 the evenings and 06:00 in the

mornings. The vertical lines show morning and ewgnpeaks are still aligned (blue lines-

highlight morning peaks and red lines highlightrdag peaks).
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Figure 3-7: Sent out load profile for Week 4&5 (Low-demand season)

Figure 3-8 represents data sent out for Week 2728nidr the high-demand season (weekdays
only) between 1990 and 2007. Once again, only sef/éme 17 years are presented. Figure 3-8

shows that consumption patterns did not change mexatept for the increase in the overall
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demand over the years. The evening peaks are dgneigher than the morning peak. The

morning and evening peaks are clearly visible amtsemption reduces substantially between
21:00 in the evening and 06:00 in the mornings. Yémrdical lines show morning and evening

peaks are still aligned (blue lines-highlight moignipeaks and red lines highlight evening
peaks).
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Figure 3-8: Sent out load profile for Week 27& 28 (High-demand season)

3.4.1 Results

Except for the growth in demand, the demand pattEnthe various hours in the day remained
very similar over a 17-year period (high- and logehnd season). The summer profiles are still
relative flat. Distinct peaks occur during morniagd evening peak periods during the high

demand season (winter).

3.5 Alignment of system peaks with TOU tariff peak

Sent out data was analysed again to establishrtwetly in demand and to illustrate the data
sent out in relation to the TOU peak periods. FegBi9 shows the demand profile on a Friday
during Week 4 and Week 27 from 2005 to 2007. Th&/@ak period is also indicated. During
the low- and high-demand season (Week 4 and Wegki® demand peaks almost at the end

of the TOU morning peak period or just after it.

The system peaks in the high-demand season ocdyrireghe evening TOU tariff period. It is
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also clear that demand generally increases sukaharitom around 17:00 during this season

and remains high until the demand gradually drops1f20:00 to 20:40.

Figure 3-9 is based on actual sent out data angsstitat the system peaks in the low-demand
season occur late in the evening TOU tariff peribde demand increases from around 18:00
and starts to decline from around 20:45. Figure sh&ws that the TOU periods in both the
morning and evening peaks are not long enough ratidm to represent the demand on the
system during this time. It is also clear that emngtion peaks earlier in the high-demand

season than in the low-demand season during thergvpeak period.

Figure 3-9 further shows during the low-demand eeasf 2005 the demand in the TOU
morning peak period was 27 770MW. The demand in72€8 the same day and season was
equal or more than 27 770MW from 07h00-22h00. Duthe high demand season of 2005 the
demand in the TOU evening peak period was 32 799M\We the demand in 2007 during the
same season was equal or more than this demand0@ol®0-22h00. Both days during the

high- and low demand season shows significant asg®in demand from 2005 to 2007.
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Figure 3-9: Load profile for one day during the high- and low-demand season (2005 to 2007)

3.5.1 Results

Although the consumption patterns remained congiget the past 17 years as shown in the
previous section, the demand has increased suiaditanthis increase in peak demand must be

supplied with the same generating capacity as @vipus years (excluding recently installed
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peaking stations and DSM interventions). The comdion in standard periods is, therefore,

equal to the consumption in TOU peak periods wheniOU tariff was initially introduced.

3.6 Conclusion

In some hours, it is more costly and more techlyicahallenging for a utility to meet the
demand than in others hours. However, customers thesr decisions to shift load on pre-
determined prices for specific hours of the daystGuners respond to or are able to respond to
TOU tariffs. The individual responses are influahty a number of factors. Two of the major

influences in a customer’s decision to responassibly financial and technical.

The analysis in this chapter proves that a numifecustomers ignore the TOU signal
completely, while others may only respond if praitrt patterns allow. The impression is that
the financial incentive associated with the TOUiftas generally not adequate enough to
encourage a substantial load shift out of the TQ@adkpperiod. Although there has been a
substantial increase in demand over the past feansyeonsumption patterns have not changed
much during this time. Due to the growth in demandre energy must be generated during all

tariff periods when compared to historical data.

This analysis highlights one of the shortcomingsoofy run marginal cost (LRMC). The TOU
tariff might have been an effective signal whewdts designed and implemented initially, but
its effectiveness has declined during the lastyeers. Due to the growth in demand, the peak
demand periods of the past are now experiencedgistandard TOU tariff periods. In 2006,
28.71% of the electricity sent out by Eskom washhigthan the highest recorded reading in
2000 (from figure 1-2). With the delay in capacéypansion, the TOU peak periods could
possibly be expanded to motivate customers to @hahgir consumption behaviour and

consume more electricity during the TOU off-peakiquis.

A huge contributor to the peaks is the residemismtomer, as explained in Chapter 1. It is a
challenge to filter TOU pricing to residential custers. TOU metering is expensive and more
complex to administer than conventional meterirgpt®logies. Another challenge is that most
utilities have non-optimal price signals to encgaraesidential customers to respond to TOU
tariffs. Promulgating new TOU tariff structures fogsidential customers is also a lengthy

process and will, therefore, not lead to an imntedsalution.

Tariff signals must become stronger to ensure ¢hatomers maintain DSM initiatives even

after the five-year contractual obligation towarBskom lapses. If tariff signals do not
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encourage customers to respond to the tariff, a8MD projects will deliver a MW

shift/curtailment only for the contract period. if possible that the investment could be
worthless after the five-year contract period. Twifl reduce the effectiveness of the DSM
process as the technologies installed to shifddulbad are generally expected to last the

lifetime of the equipment it controls. This perisdyenerally between ten and twenty years.
The analysis highlights the fact that system peaid tariff peaks are not exactly in line with

each other due to the increase in demand overastefgw years. In the next chapter, three load

management initiatives will be investigated.
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CHAPTER 4: ESKOM’S LOAD MANAGEMENT PROGRAMME

4.1 Introduction

Internationally, declining participation in demaside management (DSM) programmes can be
attributed to the fact that customers incur sigaffit upfront costs without the assurance of a
benefit stream of payments [27]. Eskom implemerSd programme where all upfront costs

are funded as directed by the EEDSM policy [4]. tGoers receive technologies that enable

them to shift or curtail load at no cost.

In return, customers are expected to shift or dudgad out of the time of use (TOU) evening
peak period (18:00 to 20:00) [4]. Customers’ furthenefit financially when energy is shifted

or completely removed from peak periods.

Load management initiatives are contracted forréogeof five years during the evening TOU
peak period. In some cases, customers are alsocakihéft/curtail load out of the morning TOU
peak period (07:00 to 10:00), and although the imgrimOU period is not contracted, the

financial incentive could encourage customers ift/shrtail load during this period.

The purpose of this chapter is to:

« quantify the load shift potential of selected Imadnagement initiatives;
» determine the advantages and disadvantages ofestlead management initiatives;
« determine the success rate of various load managde@hnologies; and

« highlight any shortcomings of load management.

4.2 Load management case studies

In order to illustrate the effect of load managetmprojects and to prove that various
technologies can shift/curtail load effectively,read examples of load shifting and one
curtailment initiative are presented. The threedlahifting technologies are hot-water load
control as implemented in the residential sect@tewpumping and hoist-winder initiatives as
implemented in the mining sector. The curtailmenitidtive is compressed air management as

implemented in the mining sector.
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The examples presented in this section indicatéote shifted/curtailed out of the TOU peaks
as required by the NERSA policy. The load shiffongjects are mostly energy neutral, and load
shifted out of TOU peak periods will be consumedrdyother TOU periods.

Curtailment initiatives are not energy neutral. Toad removed will not be consumed during
other times and is, therefore, completely removethfthe power system. This chapter will not
investigate the technical detail of the technolsgieut will rather focus on how and if the

technology can be used to optimise load management.

4.3 Residential hot water load control

Residential customers contribute approximately 1d®%éhe total electricity consumption in

South Africa [2]. The residential sector is alsspansible for 35% of the maximum demand
[2]. A residential hot water cylinder (HWC) — alseferred to as a geyser — contributes
substantially to this demand. The opportunity extst switch a HWC off during peak periods
without any discomfort to the customer. This is mhaidue to the design of the HWC and its

ability to store hot water.

Hot water load control is the only load managemeitiaitive currently implemented by Eskom
in the residential sector. With RCR technology fbescasted load shift is determined by
making use of the after diversity maximum deman®N) [34]. HWCs can be controlled

with RCRs or global system for mobile communicasi¢®SM) technology. The potential MW
shift will, however, remain the same, as only teehhology switching the HWC changes. In

this section, a project making use of RCRs to abtive HWC was analysed.

The number of HWCs in South Africa that was coméalwith radio/audio ripple control
receivers (RCRs) at the turn of the century waisnaséd to be six hundred thousand [35]. The
controllable load of the 600 000 HWCs was estimatetie 360MW [35] at the time, which

indicates that a huge opportunity for load shiftinigiatives with RCR technology still exists.

To implement an RCR initiative, energy meteringnoaunication networks, central processing
equipment and ripple or audio radio control recesi\age installed. The RCR is switched on and
off when it receives a pre-programmed signal frbmn¢ontrol equipment. The RCRs are wired
into the HWC circuits at a residential dwelling. R€allow current to flow to the HWC when it
is switched on and, therefore, this presents thmpnity to perform load shifting. Data was

collected at the substation level and the dataused to perform capacity and notch tests.
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Capacity tests are performed to determine the nuwbEWCs that are controlled with RCRs
from a specific point on an electrical network. [Dgra capacity test, all controllable HWCs are
switched off for a few hours from late evening &g morning. Due to the heat losses and the
hot water consumed while the HWC is switched dffH¥/Cs should switch on when the RCR
receives the pre-programmed signal to switch omr fOtal comeback load is measured and is
divided by the average geyser size to indicateatheunt of RCRs that are operational. The

average geyser size generally ranges between 2k\VIAN [36].

Notch tests are performed by switching the coralddd HWCs off for five minutes and then on
for 30 minutes over a period of a week. The resglpoints in the measured data are calculated
by taking an average of five minutes before and fivinutes after the event during the TOU
evening peak. The resulting points will indicate thaximum shiftable load that the system can
achieve [37]. Research has shown that the loadctratbe shed per HWC in the morning is
approximately 0.91kW to 0.84kW during autumn andtesi respectively [35] and 0.62kW to

0.66kW during autumn and winter respectively [35].

With other DSM load management initiatives, bagdiare developed before implementation.
With residential hot water load control the noteid &apacity test will determine the baseline
which are done after commissioning of the systelre Mumber of operational receivers, the
after diversity maximum demand (ADMD) and the laddfted out of the evening TOU peak
period were derived from the notch and capacity &sl the results are presented in this

section.

Figure 4-1 indicates the results of the capacigy teat was performed on 9 July 2006. The
average consumption while the HWCs were switchéavas 11 496kW. When the RCRs were
switched back on (allowing current to flow througtme consumption peaked at 25 873kW. The
capacity of the HWCs that can be controlled wite RCRs from this municipal substation is
therefore estimated at 14 377kW. By using the ayegeyser size of 2.67kW (calculated by
Forlee) [35] as a guideline, it is estimated th&88 RCRs were operational when this capacity

test was performed on 9 July 2006.
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Capacity test (2006/07/09)
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Figure 4-1 Cold pick-up indicating installed capacity of controlled HWCs

Data of a notch test performed on 8 September 20Qffesented in Figure 4-2. This test
indicates a load shift potential of 2 419kW, 3 248k2 857kW, 4 239kW and 5 114kW
respectively during the TOU evening peak periodsTéad shift potential averages at 3575kW
or 3.575MW between 18:00 and 20:00.

Notch test (2006/09/08)
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Figure 4-2: Notch test (8 September 2006)

Figure 4-2 further shows that the load shift patdntaries every half an hour during the TOU
evening peak as shown in Figure 4.2. This varyoagl Ishift potential can mainly be attributed
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to the consumption patterns of hot water from HWCsesidential areas. With hot water load
control, the hot water consumption pattern diffeesveen summer, autumn and winter months.
The consumption patterns results in a different ADMetween seasons [37]. During the winter
months, the consumption of hot water is much highan that during summer months [37],
[39]. It is therefore assumed that the controlldbied will differ between seasons. Table 4-1

below shows the average seasonal ADMD calculatdedoglaram.

Table 4 -1: Average seasonal ADMD [37]

Season Morning Peak ADMD (watts) | Evening Peak ADMD (watts)
Winter 1037.0 836.5
Autumn 762.9 705.3
Summer 552.4 429.4
Average 784.1 657.1

Potentially the highest load shift potential existsen the ADMD is at its highest and supports
the assumption made that the controllable loaddifilér between seasons. However, most cold
water complaints are experienced during the wintenths. Over controlling during winter
months could lead to illegal disconnections or ammnity not buying into these types of

technologies.

Delport highlighted the fact that winter months Wonecessarily translate in a bigger
controllable load [39]. He further indicated thdthaugh hot water load increases in winter
months, this increase don’t necessarily allow fimigger controllable load [39]. Thus a higher

ADMD don’t necessarily translate into a higher Iaddft as assumed earlier in this section.

With residential load management initiatives, tleene back load is managed in a controlled
manner by the various distributors. This is donauoh a way as to not exceed their notified
maximum demand. If the MD is not managed optiméllg possible that new peaks may be
created in times outside TOU peak periods. Thismean high demand charges to distributors

and Eskom will have to make access capacity availdlring these times.

4.3.1 Results

Residential hot water load control is effectiveshifting load. The highest load shift potential
exists during the TOU tariff peak periods due tsidential hot water consumption patterns.

Although this technology is effective in shiftingad, the load shifted may create new system

peaks if not managed optimally.
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One major disadvantage of the RCR technology isab@amunication is unidirectional only. It
is, therefore, impossible to know if a specific R@Raulty or if the circuit has been bypassed
unless a physical audit is done. Research doneabgld?am in 2008 indicate that of the audits
done only 82% of the investments made in RCR tdogms derived benefits for the Eskom
network [37]. The same load shift will, however, pessible with GSM or smart meter
technology. These technologies allow for two-waynomnication. Two-way communication
allows for better control of residential hot watead control but these technologies come at

higher capital and operational cost.

The research done by Forlee [35] shows that thsestili huge opportunities for implementing
residential hot water load control. It will be egtto control a higher number of HWCs than to
over control the existing HWCs. Over controllingld®VCs will lead to cold water complaints

which could further lead to illegal disconnections.

4.4 Water pumping load control

A number of load shifting opportunities exist inngping projects. These projects range from
agricultural, mining and industrial projects to easupplying utilities. In all these projects, the
load shift potential is directly related to the idesand flexibility of operations. A number of

factors contribute to the feasibility and sustailigbof pumping projects, including the

following:

. Minimum and maximum dam/reservoir capacity.

. Quantity of water pumped per day/month/season.

. Equipment constraints (size of pipes, pumps, etegtotors, valves, etc.).
. Safety constraints (minimum requirement by custoamet law).

. Maintenance constraints.

. Allowable on/off periods.

. Water usage/consumption.

In this specific case, an analysis of data was dana mining environment. In a mining
environment, water is used to cool down the unaengd working environment. In some cases,
it is used during production activities and watellects naturally underground. All this water

must be pumped out of the mine to prevent flooding.

Mining houses are under tremendous pressure taipeodt maximum capacity and, therefore,
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load management technologies should not interfétte tweir production output. In order to do
this, control and monitoring equipment are insthbe delivery points. The information is sent
back to a programmable logic controller (PLC) tsume that the load management activities

remain within the pre-programmed constraints.

Before implementing load management technologies,aften impossible to switch the pumps
on and off during the Eskom TOU tariff peak peridtiis is mainly due to mechanical stresses
and the cost of labour and operational expensasatfual load shifting is an option, the load
shift possibility is hormally much less than areiligent optimised pumping system. Before this
specific load shift technology was implemented, evatas pumped at any time and no load
shift was possible. Pump systems comprise of asefipumps. Each pump station has pumps,

valves, settlers, pipes and reservoirs.

In this water pumping example, there are four nases at the surface and four underground at
different levels. As soon as a reservoir below axagfexceeds the pre-determined volume of
water, the pumps will switch, on irrespective of time of day. If the water is not pumped out
of the mine, the mine or other mines in the areafld, which can cause a mine to be closed
down in some extreme cases. The pumps might switdiuring the TOU tariff peak. This will

lead to huge electrical accounts, which would rethe case if the pumps were controlled by

optimised control equipment.

By optimising the system and installing the congqlipment, the water can be pumped out of
the reservoir in off-peak and standard TOU tardfipds. The correct dam levels can also be
monitored on a supervisory control and data acpms(SCADA) system. It will be possible to
override the control equipment in cases of emengdanat under normal circumstances, this will
be controlled by the control equipment to ensureaximum load shift out of the tariff peak

period.

The installation of DSM equipment allows for betteonitoring and control of the operations. If
this system is maintained, the mine will be ableptuticipate for the contracted five-year
period. After the contract period, the mine shaalkb be able to shift load for the life span of

the equipment if the tariff signal is sufficient.

Measured metering data was analysed to determenexhct impact of this pumping initiative.
The baseline data, as agreed to between the ESi€af ¢mine), Eskom DSM and the
independent M&V entity, was compared to the actuattering data measured after

implementation. The TOU peak tariff periods are atslicated.
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Figure 4-3 represents the baseline (before) ared aftplementation load profile. During the
morning and evening TOU tariff period, 5.685MW &@1d588MW was respectively shifted out
of the tariff peak periods. More energy was, thanef consumed in the off-peak and standard
TOU tariff periods. There was an increase in den@rel062MW and 10.456MW respectively
between 12:00 and 17:00 and between 20:00 and 22:@fe day of the analysis.
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Figure 4-3: Load shifting (mining pumping initiative)

4.4.1 Results

Pumping initiatives in mining environments can shifid effectively. Due to storage capacity
at this mine, load shifting can be achieved at tamg of the day. The reason this initiative is
shifting load during the TOU tariff peak is due d¢ontractual obligations and the monetary
savings to customers. Due to the load shift, thmade in the periods after the TOU peak

periods is higher than the baseline.

4.5 Winders load control

Winding systems at mines are either used for th&etion of ore (rock winders) or to transport
workers and equipment (man winders) between thewsshafts. The combined consumption
of winders contributes substantially to a mine'aktelectricity consumption. It is difficult to

implement load management initiatives on man wisdire to the human factor and mining
operations. Man winders do not consume large arsafrelectrical energy and, therefore, load

management technologies on man winders have nat ineglemented through the Energy
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Efficiency and Demand Side Management (EEDSM) Rorahte.

Rock winders, on the other hand, consume substamtiaunts of electrical energy, and are not
affected by the human factor. Load shifting is fasswith the installation of basic control

equipment. Before this load management initiatias wnplemented, ore was extracted with the
winders 24 hours a day, seven days a week. As asdhe skip is fully loaded, the winders

automatically hoist the skip to the surface wheie émptied.

A control system comprising SCADA and PLCs are dlistl and the control system is
programmed to prevent rock winders from operatingukaneously in the TOU peak periods.
Ore extraction will, therefore, continue during thOU peak periods, but will be limited to
ensure that the production processes are not effe€he control system of the rock winders is

set up to ensure that the safety and productiamnegents of the mine are not affected.

Measured metering data was analysed to determimexact impact of this winders initiative.
The baseline data, as agreed to between the ESi€af ¢mine), Eskom DSM and the
independent M&V entity, was compared to the actuatering data measured after
implementation. The TOU peak tariff periods ar@aiglicated. Although the installed capacity
of the winders is much higher, the contracted lgfaét on this initiative is only 3MW.

The reason for only contracting 3MW is to allow somock winders to continue operating
during the evening peak period. This ensures thatniine produces at maximum capacity,
while saving through the TOU tariff, and that thenenxcomplies with its contractual obligations

in the DSM agreement between the mine and Eskom.

Figure 4-4 represents the baseline (before) arat aftplementation load profile. During the
morning and evening TOU tariff period, 1.055MW a&hdiSMW was respectively shifted out of
the tariff peak periods. More energy was, therefaansumed in the off-peak and standard
TOU tariff periods. There was an increase in denaint.425MW and 1.438MW respectively
between 12:00 and 14:00 and between 22:00-24:@0e0day of the analysis.
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Figure 4-4: Load shifting (mining winder initiative)

45.1 Results

Winder initiatives in mining environments can shdad effectively. Due to flexibility around
production processes at this mine, load shiftingloa achieved at any time during the day. The
reason this initiative is shifting load during th@U tariff peak is due to contractual obligations
and the monetary savings to the customers. Dueettoad shift, the demand in the periods after

the TOU peak periods is higher than the baseline.

4.6 Compressed air management

Compressed air systems at mines are used forndrilbperation of pneumatic equipment,
agitation, cooling etc. Compressed air rings nolyr@dnsist of a number of users such as mine
shafts and metallurgical plants. The ring is usualipplied from a number of compressors
situated along the ring. Mining companies are tealoicto implement compressed air initiatives

due to the possible interference with production.

By installing dynamic compressed air simulation,nitmring and control system technologies,
load can be curtailed from the system during TOWEkpperiods as defined by the EEDSM
policy [4]. These dynamic simulation, monitoringdanontrol systems take into account all
relevant safety, health, operational and other tcaimés. This ensures that optimal air pressure

and flow is available at all locations in the netkvduring the TOU peak periods.
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Figure 4-5 represents the baseline (before) andfteeimplementation load profile of a typical
day for a compressed air initiative. Measured niegedlata was analysed to determine the exact
impact of this compressed air management initiafilee baseline data, as agreed to between
the ESCo, client (mine), Eskom DSM and the indepaehd1&V entity, was compared to the
actual metering data measured after implementailitve. TOU peak tariff periods are also
indicated. This compressed air initiative lead total curtailment of 4.403MW and 7.724MW
respectively out of the TOU morning and evening<paeriod.

Although this is a curtailment initiative, a hugeeegy efficient component is realised as a result
of the newly installed technologies. By controllithge angle of the air inlet vanes (guide vanes),
inlet air flow is reduced to the minimum requirech@unt. This ensures that the supply of
compressed air meets the demand and no comprdssedasted. This avoids pressures rising
to high, with possible additional wastage due tmabbff to atmosphere. By making use of this
compressed air technology, energy consumption &49Wh and 2.769MWh were avoided
during December 2008 and January 2009 respectively.
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Figure 4-5: Load curtailment (mining compressed air initiative)

4.6.1 Results

From all the load management initiatives that wievestigated in this section, this technology
is by far the most effective. This is because nmeoback load is experienced. Due to
production processes at the particular mine andleléility of the technology, a huge energy

efficient component is also realised as part ofitliteative. The energy efficient component is
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evident in Figure 4-5 and although this relatesethuced energy sales, it achieves government’s
objectives by reducing the national demand proftlseems as if a national roll-out of these

technologies on all mining sites should be inved&d.

4.7 Performance of load management initiatives

Eskom is obliged to ensure that EEDSM programmesiaplemented as specified by the
EEDSM policy [4]. The performance of all projectsmfled thought the EEDSM Fund must be
measured and verified by an independent body. Bty is known as an M&V entity and is
accountable to provide NERSA, Eskom DSM, the cliamd the ESCo with credible
independent reports. These reports quantify andsasproject performance, the number of
projects and MW shifted/curtailed through load ngraent initiatives or saved through energy

efficiency [4]. The reports also verify if initiatts are being sustained.

Before any Eskom DSM initiative can be implementadhaseline must be determined. To
develop a baseline, the M&V team will conduct meaments for a predetermined time
(dictated by the type of technology). This datal W& used and a baseline will be developed.
The ESCo, M&V team and Eskom DSM must agree to selbe before a project can be

implemented.

A condonable day is a day when an ESCo or a cleminot meet contracted load

shift/curtailment or energy efficient targets daddctors beyond the control of the ESCo or the
client. Condonable days will vary for the differeatistomer groups and performance on
condonable days will not affect the performancarof DSM intervention if Eskom declares the

day a condonable day.

All M&V reports are available to Eskom DSM once tHeave been captured on the server. The
half -hour data is not readily available and eacAMWreport reflects the average load shift
obtained during a specific month. The exact imgddbad management initiatives at any given

time is not available to Eskom DSM.

Performance reports may only be available one maftén they have been developed. No real-
time tracking system currently exists for DSM potge In order to establish the performance of
load management initiatives, all available M&V regofor completed load management
initiatives were reviewed. These results are captun Figure 4-6. The results represent

completed load management initiatives from theldistament of Eskom DSM to March 2008.
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The MW reduction reported on in the M&V reports negents an average monthly load
shift/curtailment during evening peak periods, gsla load shift/curtailment in the morning
was also agreed between the relevant parties. Egpopes of confidentiality, various

technologies were grouped and are representedcasidlegy 1 to Technology 8.

M&V reports were analysed and the average montiayl Ishift/curtailment was recorded per
technology. Figure 4-6 shows the performance dediht load management technologies for
which data was available up to March 2008. Theqguarance of the different initiatives ranges

from 44.69% to 110%, with an average performanc&2éb.

These results show that certain load managemetiativés perform better than others.
Performance of technologies and ESCos were stibrg uncertain topic when DSM started.
Eskom DSM is now in a better position to evaluatejgrt proposals, as the performance of

technologies and ESCos are known.
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Figure 4-6: Performance of load management measures

The actual verified MW shift obtained by Eskom D$Mring 2006/2007 was 103.6MW [38].
This is higher than the 90MW required by the EED$&fulatory policy for residential,

industrial and mining load management [4].

4.6.1 Results

Certain load management initiatives perform bettan others and it is possible to establish
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trends for the various initiatives. It is currentlgt possible to establish the real-time impact of

load management initiatives on the power systemauwaavailability of metering data.

4.8 Conclusion

The analysis of the residential HWC project indécathat a different load shift potential exists
during the morning and evening peak periods. Tntrotbable load of a HWC also changes per
season and the maximum controllable load is irhigh-demand season (winter). If residential
hot water load control is not managed optimallymiy lead to new peaks and cold water

complaints which could further result in illegasdonnections.

The analysis of the underground pumping and winditiatives proved that these types of
technologies can shift load effectively. The twadoshifting technologies investigated in the
mining environment can further shift load duringydrour of the day. The reason for shifting

load out of the TOU evening peak period is becafiske NERSA regulatory policy.

All three load shift initiatives covered in thiscten shows come back load after TOU peak
periods. This come back load have effects on tlseesy and can create new peaks. The come
back load will have to be managed to avoid thetmeaf new peaks. It is extremely difficult to
manage come back load and the only way this candmaged from a suppliers perspective is to
implement heavy penalties to customers that exttesd notified maximum demand. Further if
all customers simply shifts load, new peaks will dieated. A balance is therefore required
between load curtailment, load shifting and eneffigient initiatives to ensure an optimal load

profile.

The analysis of the compressed air initiative pdovkat this technology can curtail load
effectively. No come back load is experienced ahid initiative also proved to have an

effective energy efficient component associatedh it

The data gathering and analysis of M&V reportsataige and time-consuming process. Only
a monthly average load shift is available in thélighed M&V reports. It is imperative that
half-hour data must be made available to Eskom D&Ml load management initiatives. It is
impossible to establish the full impact of load mgement if actual metering data is not readily

available.

With proper analysis and a more flexible regulatpolicy, Eskom clients might be able to

shift/curtail load during other times when consttaiare being experienced and not only during
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TOU peak periods. All DSM initiatives come at atctisthe economy as these initiatives are

funded through levies imposed on all customerdeudtecity.

The advantages specific to DSM initiatives arecisws:

* A number of DSM initiatives can shift/curtail lo&dfectively without affecting production
or consumption patterns.

« Communication and control equipment are installeith veach DSM initiative. These
technologies will allow for a more dynamic appro#chlowed.

* Compressed air curtailment initiatives have a hergergy efficiency component associated

with the technology

The disadvantages specific to load managemenatinitls are as follow:

« The response is fixed and not flexible.

e Customers might shift load when access capacayadable.

e Customers might shift load to times when constsawitl be experienced.

e Customers may be creating new peaks.

» Eskom funds these initiatives and underperformanficee initiatives will reduce the value

of the investment.

Fixed responses declined internationally and moraphasis should be placed on

active/dynamic DSM initiatives.
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CHAPTER 5: MANAGING PEAK DEMAND USING DMP

5.1 Introduction

According to Prof Anton Eberhard, the demand magaaticipation (DMP) programme that
was implemented during the Cape crisis, was prgbidel most successful of all demand side
management (DSM) initiatives [18]. The DMP prograenimtiated in the Western Cape proved
to yield over 100MW by May 2006. A major contributo the success of the DMP programme
during this crisis in 2006 was most likely due be tshort implementation period required for
DMP.

The purpose of this chapter is to:

* determine the advantages and disadvantages of DMP;
« quantify the load curtailment potential during stéel DMP events; and

» establish if DMP is used more often during spedibars or seasons.

The results of the analysis in this chapter wilmdestrate if DMP is effective in reducing

demand during times of constraints and the timaetagfwhen DMP is mostly used.

5.2 Expected DMP responses

For the analysis in this section, the system opggatvent list for 2007 was analysed. This
event list indicates the date, time, duration anangjty of the expected MW reduction for DMP
events for the whole of 2007. The system operatarpiles the event list based on day-ahead
estimates. Customers are only requested to clotall when constraints are anticipated at any
given hour. The event list is based on the quanfitylW customers were requested to curtail.
The event list does not represent what was actualttailed on a specific day. Although the
expected and actual MW curtailments could diffeg tlifference is normally not substantial.

The reasons for this are as follows:

e Customers are compensated for actual performanae BEskom never pays for
underperformance on the DMP programme.
e Continued under-performance by a customer may teathe cancellation of a DMP

contract.
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The actual customer response is calculated afeeespected event and settling of accounts
occurs monthly. All expected responses from théesyperator’'s event list were grouped and

categorised. The following results were derivedrfibe analysis:

* The expected MW curtailment for each hour (avenage month) for both the high- and
low-demand season.
* Average expected response per month.

» Expected responses during the time of use (TOUj pariods.

Figure 5-1 illustrates the expected DMP responsefigur as an average for the year, as well as
an average for the high- and low-demand seasasi .clear that the highest expected response
occurred out of the TOU tariff period (17:00). ltrther shows expected responses for all the
hours between 05:00 and 20h00. The average resparsaot very high, except for 17:00 and
18:00.
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Figure 5-1: DMP event list (2007) indicating expected events per hour

Table 5-1 shows the year, as well as an averagmmes during the high- and low-demand
season. On average, the expected curtailmentsgdilmnpeak and standard TOU periods were

relatively equal with a limited response requiredimyg the off-peak period.
Table 5-1 further shows the expected responsesigluhie high-demand and low-demand

season. The expected responses during the TOW padk period were approximately three

times higher in the low-demand season than inijie-emand season.
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The expected responses during the TOU tariff stahpleriod were approximately twice as high
in the high-demand season than in the low-demaasose These expected responses indicate
constraints during these times and correlate viiehsystem sent out information presented in
Chapter 3. This can be attributed to the relatoxe tariffs during the TOU peak period (low-
demand season) and TOU standard period (high-deseasbn).

Table 5-1: Expected DMP responses (presented accor ding to the TOU tariff)

Average High-demand season Low-demand season
Peak 50.48 % 17.83 % 61.36 %
Standard 49.26% 82.05% 38.33%
Off-peak 0.26 % 0.12 % 0.31%

Figure 5-2 shows the average expected DMP respgeremonth. The expected responses
between October and December 2007 are much higharthose for the rest of the year and
once again fall within the TOU low-demand seasdme higher expected response during this

time might be attributed to routine maintenancehangeneration plant.
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Figure 5-2: Average regquested response (grouped per month)

Figure 5-3 shows the average expected respong@ctmber 2007. The X-axis represents the
hour of the day and the Y-axis represents the geeexpected response per hour. It is
noticeable how the expected curtailment increadesnwsystem peaks are experienced. This

highlights the flexibility of DMP and the possilbjlito curtail load at any hour, based on a day-
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Figure 5-3: Expected average DMP responses for October 2007

5.2.1 Results

A substantial DMP response is expected during tiwedsird TOU period. The DMP responses
emphasises the need for a more effective tariffisdigDue to the flexibility of DMP, actual
system constraints can be managed more effectilvaly with a static programme such as load

management.

5.3. Actual DMP responses during a curtailment evd

In this section, actual DMP responses will be itigased. Metering data was collected of DMP
customers. Due to the higher than average respahwsaxy October (figure 5-2), 13 October

2007 was selected. The data was analysed andrissegped in Figure 5-4. Figure 5-4 shows
the actual response of nine customer groups onci@@r 2007. The y-axis represents the MW

reduction achieved by each customer, while theig4presents the hour of the day.
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Figure 5-4: Actual DMP responses on 13 October 2007

Table 5-2 shows the actual responses on 13 OcRfl§Ef. The total response for the day was
683MW from the customers indicated below. The raesporanged between 08:00 and 21:00
and can be categorised according to the followimg slots: 08:00 to 11:00 — 249MW, 11:00 to
13:00 — 165MW, 18:00 to 20:00 — 269MW and 20:021®0 — 84MW.

Table 5-2: Actual DMP responses on 13 October 2007

Customer Group Expected MW Response | Time of response
1to3 165 08:00 — 13:00
1to3 165 17:00 — 22:00

4 40 18:00 — 20:00
5 30 18:00 - 20:00
6 84 08:00 — 11:00
6 84 18:00 — 21:00
7 10 18:00 - 20:00
8 45 18:00 — 20:00
9 60 18:00 — 20:00

Figure 5-5 illustrates the combined effect of a bamof smaller DMP participants on 4 June
2007. Nine customers participated in this evene dtal MW required from these customers
was 10MW between 17:30 and 19:30. Figure 5-5 iifuss that a number of smaller customers

can make a valuable contribution to DMP and thatiéthnologies are in place to accommodate
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multiple participation in DMP initiatives.
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Figure 5-5: Combination of smaller DMP participants

5.3.1 Results

DMP is effective in curtailing load at any time wh&skom experiences constraints on the
networks. DMP, therefore, has the ability to ast& system operator to ensure adequate

capacity and that reserves are on line for each ¢faihe day.

5.4. Further benefits of DMP

To a certain extent, load management and emergamplemental DMP can be counted among
planned reserves and, as such, become part ofvéralloresources assembled to meet the

system reserve margin [6].

Instantaneous DMP provides benefits distinct fraadl shifting and emergency/supplemental
DMP. Instantaneous DMP provides incremental rdiigbbenefits, of which one is under-

frequency response. The extent of each respordetésmined by the specific need. Eskom’s
DMP customers responding in the instantaneouswesategory are automatically switched off
by a control circuit at 49.65Hz (previously thigegory responded at 49.75Hz). The supply to

the participating customers is then automaticabtared when the frequency reaches 49.85Hz.

Data was collected for a number of under-frequen@nts that occurred during 2006 and 2007.

The data analysed in this section represents a ggaaiple of a typical under-frequency event.
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Figure 5-6 represents the total instantaneous D&édpanse on 10 July 2007 between 17:47:54
and 17:57:20. The response shown is a graphic sepi&ion of the four customers who
responded during this event. Once again, custoa@mesn are withheld and the customers have

been grouped from Customer A to Customer D.

The total combinedesponse during the event was 124.37MW. The cordbived before the
event was 240.75MW and this dropped to a combined bf 116.39MW during the event.
Customer A to D’s individual responses were 5522942, 10.35 and 34.2MWs respectively. It
is clear that as soon as the frequency droppecbahd 17:47:54, the individual customer load
was reduced. At 17:57:22, the frequency stabiliaad, as the frequency increased above
49.85Hz, the individual loads increased again, pixfie Customer C who did not increase load

immediately.
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Figure 5-6: Instantaneous DMP response for 10 July 2007

Customer C consumed 10.5MW before the event antbtiewas only restored a few minutes
later. It is possible that the delay in the incecad the load might be due to a delay in
production processes coming on line again. Tablg@ $#hows the individual customers’

responses and the MW reductions during the event.
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Table 5-3: Customer response (under-frequency event)

Customer Before event During event
Customer A 63.42MW 55.392MW
Customer B 40. 7MW 24.417TMW
Customer C 10.5MW 10.355MW
Customer D 126.13MW 34.203MW
Total 240.75MW 124.367TMW
5.4.1 Results

Instantaneous DMP is effective in assisting wittdemfrequency events. The response is
immediate with no delays. In order for a custonserespond to instantaneous DMP as currently

implemented, the following is required:

« Metering and control equipment must be in placertable an automatic response.

e The quantity of MW a customer can respond by messlbstantial enough to make a
meaningful contribution.

* The customer’s production processes must allonaformmediate shutdown of a certain

part of the plant.

5.5 Conclusion

Emergency/supplemental DMP can be counted amomm@tareserves and, as such, become
part of the overall resources available to meetstrstem reserve margin [6]. This is possible
because the system operator is able to request @i@mers to curtail load on a day-ahead

basis.

DMP is, therefore, flexible and can be dispatché@mrequired and the customer can continue
with their normal processes if no constraints atpegenced. DMP comes at a cost to the

economy as it is very costly to dispatch.

DMP can be used effectively to manage and corradeufrequency events. With DMP, a
substantial number of MWs can be removed from istesn in a very short space of time.
Customers that respond to under-frequency everid teehave control equipment in place that

will enable them to respond if required. The indixdl customer’s production processes must,
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however, allow for an unexpected response. A rdatbnstant consumption pattern allows for
easier settling of accounts as this is used irb#seline determination. However, it is possible
to agree to a fair baseline with almost any custobe advantages specific to DMP are as

follows:

» DMP is flexible and can respond when constraints expected or experienced on the
power system.

e Customers are only paid for their response (exwithtinstantaneous DMP).

» Customers are not expected to curtail load wheassccapacity is available.

e Customers have a better understanding of systerstraimts because they communicate
with the system operator to submit their curtailbigds.

« There is a lesser chance of being switched offngutbad shedding if the customer

participates in the DMP programme.

The disadvantages specific to DMP are as follows:

« DMP has limited participants.

« DMP is an expensive option due to limited partitigaand the lack of competition.

« DMP may not be sustainable on the long run if austs are called on to respond too often
and customer fatigue occurs.

« DMP is costly.
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CHAPTER 6: OPTIMISATION OF DSM PRACTICES

6.1 Introduction

In the previous chapters, load management and demaarket participation (DMP) were
investigated. DMP proved to be flexible and effeetin achieving a desired objective. Load
management initiatives also proved to deliver arddsjuantity of MWs. However, due to load
management consisting of load shifting, as wellcagailment initiatives, the effect on the
network will differ. Load management initiativesrtiver proved not to be as flexible and

effective as the case with DMP. The purpose ofd¢hapter is therefore to establish:

« if load management initiatives can become more ayndable to be dispatched based on
system constraints, as with DMP);

« if DMP and load management will be required in fatiand

» possible tariff options that ensure an optimal aigo encourage customers to shift/curtail

load effectively.

6.2 Load predictions based on historical data

The purpose of this section is to establish theciypthat will be available to meet the demand
in the short term and the associated role load geanant and DMP may play in meeting this
demand. The average load profile for summer (lomated season) and winter (high- demand
season) during 2006 was used as a baseline. Nesvagiem capacity coming on line from 2008
to 2015 [7], [41] was included in the total gen&matcapacity for each year. The published
quantity [7], [41] of new capacity coming on lineasvused. This might change due to delays,

fast-tracked generation investments and changesgacity expansion plans.

A basic toolkit was developed and this was usddtév information. The toolkit factored in the
average load expected for each season from 20P81i® at a growth rate of between 0 and 8%.
The toolkit also included the percentage of gemmratapacity available for the specific season.
The expected growth in electricity consumption veasumed to be 2.5% per annum and,
therefore, this was used in the illustrations bel@®@mmissioning dates of new generation plant
were used and this is, therefore, only a high lestimation of the capacity that will be

available.

During the winter season, the available capacityeserally at its highest. The available
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capacity during the summer season is generally laduging this time, due to the routine
maintenance taking place during the summer se&swrthis reason, an availability of 93% of
total installed capacity was selected in the wiseason and an availability of 84% was selected

during the summer season for the purpose of fhistiation.

The percentage of unavailability includes provisiofor reserves, as well as planned
maintenance. Unplanned maintenance is not faciaréthe capacity represents the maximum
available capacity for the whole day. Some of thils not be available for 24 hours of the day
because of the associated technology (pumped stenad) gas turbines). The line representing
the capacity (yellow) will, therefore, not be péehto the x-axis at all times. However, for this

illustration, the capacity will remain constant ga@ximum) for the whole period.

Figure 6-1 illustrates an average summer profile2f@06 and 2011. The data for 2006 is the
actual average summer profile and the data for 29%n assumption based on a growth of
2.5% per annum from 2006 to 2011. The yellow liggresents 84% of the installed capacity in
2011. Figure 6-1 shows the difference between dae Iprofile and the maximum available
supply is not much (1285MW for Monday during the O@vening period). The maximum
capacity will also not be at this level througheath day and will differ daily. A growth rate of
2.5% per annum is also not high and if the worlégmedonomy regains the growth we seen until
late in 2008, the evening peak will exceed thelalike supply (1583MW at a growth rate of
4%).

Summer profile 2006 and 2011
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Figure 6-1 Average profile (Summer2006 and 2011)
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Figure 6-2 illustrates an average summer profite2@06 and 2014. The data for 2006 is the
actual average summer profile and the data for 281ah assumption based on a growth of
2.5% per annum from 2006 to 2014. The yellow ligyresents 84% of the installed capacity in
2014. Figure 6-2 shows that adequate capacity weillavailable for the supply to meet the
demand after 2014 if the growth rate remains batv@eand 4%. If the growth rate increases to
4.5%, the demand during the evening peak periodoeikequal to the available capacity (taken
at 4.5% growth rate per annum with 84 % capacigilakility for 2014).

Summer profile 2006 and 2014
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Figure 6-2: Average profile (Summer 2006 and 2014)

Figure 6-3 illustrates an average winter profile 206 and 2011. The data for 2006 is the
actual average winter profile and the data for 281dn assumption based on a growth of 2.5%
per annum from 2006 to 2011. The yellow line repnts 93% of the installed capacity in 2011.

Figure 6-3 shows the difference between the derpaofile and the maximum available supply
is not much (1593MW for Wednesday during the TOW@reng peak period). The maximum
capacity will also not be at this level througheath day and will also differ daily. A growth
rate of 2.5% per annum is also not high and onegnathe worldwide economy regains the
growth we seen until late in 2008, the evening psdkexceed the available supply (exceed
supply with 362MW during the TOU evening peak perim the Wednesday at a growth rate of

3.5% per annum).
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Winter profile 2006 and 2011
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Figure 6-3: Average profile (Winter 2006 and 2011)

Figure 6-4 illustrates an average winter profile 206 and 2014. The data for 2006 is the

actual average summer profile and the data for 281ah assumption based on a growth of

2.5% par annum from 2006 to 2014. The yellow liegresents 93% of the installed capacity in

2014. Figure 6-4 shows that adequate capacity weillavailable for the supply to meet the

demand after 2014 if the growth rate remains betvage2.5% per annum and this will remain

the case unless the growth rate increases beybfdper annum.
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6.2.1 Results

Load management and DMP will play an important tolenanage peak demand in the short to
medium term. The growth rate of electricity constiopand the available capacity also affects
the type of technologies required to manage peakadd. The analysis in this chapter indicates
that load management and DMP will play an importesie from now to at least 2013.
However, if the growth rate of electricity consuioptcan be reduced to between 1 and 2% par

annum, the need for load management and DMP ingmtvill decline.

6.3 Load management initiatives and possible effean the power system

In the previous section, it was clear that load ag@ment and DMP initiatives will play an

important role to manage peak demand in the shomedium term. The way these types of
initiatives are implemented plays a vital role ietetmining the success of the initiatives. The
purpose of this section is to analyse load profitesrder to establish a possibility of optimising

load shifting and DMP initiatives.

The average weekly profile for 2006 (summer andtev)n as well as the profile for Week 4

(summer) and Week 27 (winter) were used for thistiation.

The weekly profiles are represented in Figure 68 e daily profiles for the high and low-
demand season are represented in figures 6-6 ahdA8-is the case with the analysis in
Chapter 3, it is once again very evident that tighddemand season (winter) has much higher

peaks than the low-demand season (summer), asatied in Figure 6-5.

DMP can add value when constraints are experieraedo load will be added to the system
during another time period. Curtailment through liteed management programme will also be
able to add value during times of constraints, dué to the regulatory policy [4], the

contribution of curtailment through the load marragat programme is limited to the tariff

peak periods. Load shifting initiatives is, howewdifferent in that the load shifted from one
period will be required in another period. Figuré @nd 6-7 highlights load can be shifted to
after 21h00.

Figure 6-5 illustrates that the potential to shiéid in the winter months is much higher than the
possible load shift during the summer months dubigber peaks in winter than in summer.
The summer profile is very flat compared to a winpeofile. A number of units are also

unavailable during summer months due to the maames season. It can be concluded that load
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shifting in summer months are not as effectiveoasl Ishifting during winter months.

Weekly load profiles
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Figure 6-5: Weekly load profile (high-demand and low-demand season)

The data used in Figure 6-6 is the average loafilgofor Day 1 during the high-demand season
(2006) and the actual load profile for Week 27 (eir2007) on the same day. The system sent
out (average 2006 winter) peaked at 33 628MW withady low of 21 989MW. The system
sent out for Week 27 (day 1) peaked at 36 147MWh wilow of 23 495MW.

The difference between the highest and the lowestathd was, therefore, 11 639MW and
12 652MW respectively, leaving an opportunity farieus load shift initiatives from around
20:45 to 21:00. Different types of load shift iatives will however provide different results
and because come back load can not be controlldgskgm, curtailment initiatives is still a
better option. Figure 6-6 further shows that themimy peak only drops substantially at around
13:00. Therefore, a load shift initiative in wintmonths before 13:00 might not be adding any

value.
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Daily load profile (Winter)
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Figure 6-6 Daily load profile (high-demand season)
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The data used in Figure 6-7 is the average loafilgofor Day 1 during the low-demand season
(2006) and the actual load profile for Week 4 (sten2007) on the same day. The system sent
out (average 2006 summer) peaked at 31 509MW withilgt low of 21 940MW. The system
sent out for Week 4 (day 1) peaked at 30 860MW witbw of 22 451MW.

The difference between the highest and the lowestathd was, therefore, 9 569MW and
8 409MW respectively, leaving a smaller opporturidgy load shifting during summer months
than for the winter months. By analysing Figure @iither, it is clear that the morning peak

remains very constant during the day (06:00 to@?1:0

The flat profile also means that any load shiftedrdy the day (06:00-21:00) may create new
peaks. As load shifting during the summer montikamly add substantial value after 21:00,
the current load shift initiatives are not optinlal fact this might be more of a disadvantage to
the system than a benefit. Once customers haveetimology to shift load, the possibility
exists that the customer will shift this load tanbfit from the monetary savings. The NERSA
policy which was designed to assist with capaaditystraints might therefore even contribute to

the constraints experienced due to the demand@nédlack loads experienced after 20:00.
Even if load shifting initiatives are completelyogped, the initiatives that was already

implemented or currently under implementation stidad managed in a more active way as not

to create new constraints.
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Daily load profile (Summer)
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Figure 6-7 Daily load profile (low-demand season)

6.3.1 Results

Load management and DMP initiatives can be usethdaoage system peaks. Curtailment
through the load management programme and DMP ddwalue at any time when constraints
are experienced. However, only DMP is managed iwag to respond during times of

constraints. Load shifting can also be used to gmmeeak demand, but does not add much

value in its current form.

The way load shifting is implemented creates ehfurproblem in that load is shifted to periods
when access capacity is not necessarily avail@danore load shifting projects come on line
(currently being installed), more constraints migiet experienced during some days in any
specific hour/season. Load shifting have more atdggas during winter months than during the

summer months due to the flat profile during summer

6.4 A dynamic approach to load management

The analysis in the previous chapters highlighted toad management initiatives shift/curtail
load effectively. It was also evident that netwarnstraints occur during the TOU peak
periods. It was also noted that constraints alswegdly occur before and after TOU peak
periods. Load shifting initiatives are only usedidg the tariff peak periods and therefore,

could add to the constraints in the hours afteT®& peak periods.
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The system operator is not able to request thattisgany load management initiatives as is the
case with DMP. Load management might not add véiloeughout any specific year due to

seasonality and the associated consumption patiernsder to have a more dynamic approach
to load management, the question arises whethdrn@magement initiatives and DMP can be
integrated, or rather if load management can beatthed as DMP (more active/dynamic). Due
to the funding mechanisms, DMP and DSM cannot bergnated as a programme. However,
the management of the available MW can be groupdd@MP as long as the repayments and

contractual obligations can be adapted accordingly.

The findings identified by the Electric Power Rasbalnstitute (EPRI) in Chapter 2 [19]
highlighted the DSM experience gained in the USAcsithe 1970s. Static DSM initiatives
slowly deteriorated up to a stage where customeismger wanted to participate in any of the
DSM programmes that were on offer at the time. €f@egrammes mainly became non-viable
due to the fact that the utility did not benefibrfr them and subsequently the customer was not
rewarded for a response. The following problemsi@deatified with load management options

associated with vertically integrated utilities J19

¢ Programmes normally address limited load shapectiogs. With load management, only
the TOU peak periods is currently targeted.

e Participation is often limited to customers with esific end-use characteristics.
Participation in the industrial environment is lied to customers who can curtail/shift in
access of 0.5MW.

It is, therefore, necessary to change the curngptoach and to convert the current static load
management into a more dynamic approach whereroessomay be allowed to respond at any
time as long as the response is determined by yh&ra operator. The time a customer
shifts/curtails load might be a pre-arranged tiraeMeen the customer and the system operator

based on a week or day-ahead schedule.

This will be possible due to the forecasts donethsy system operator. A more dynamic
approach might be further developed to allow custemwith enabling technologies and

processes to respond to network requirements dweslarter time period.

In chapter 4 it was evident that some load manageimdiatives can shift/curtail load at any
time, while with HWCs, the maximum load shift pdiahexists during the TOU peak tariff
period [37]. The MW potential of all DSM load mamagent projects are represented in Table

6-1. The total amount of MW is made up of indivilpeojects as explained in Chapter 1. These
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projects include projects that have already beanpbeted, projects that are currently under

implementation and projects that are currentlyegith the approval process or in procurement.

Table 6-1 shows the possible load shift and cuntit potential available to DSM (projects are
included that have been audited and found to b&ldiea though not yet implemented). These
initiatives, if and when implemented, will geneyalie available during the tariff peak periods,
but by introducing a dynamic approach, some of M& could be available at any hour.

However, only the exact quantity of MW availablertsspond in the tariff peak periods are

known at this stage and responses during otheststwuld be investigated.

Table 6-1 Load shift/curtailment potential

Total load Total load Total
management | shift curtailment/clipping
Not contracted to date297.54MW 233.2MW 64.26MW

(audits and feasibility
completed by ESCos)
Contracted/implementation 210.42MW 169.82 MW 40.6MW
Completed 324.83MW 295.89MW 28.94MW
Total potential 832.80MW 699MW 133.8MW

Of all the projects, 71 were randomly selected andlysed to establish if load management
initiatives can be more dynamic. For this analydid/C initiatives were excluded and attention
was paid to industrial and mining initiatives. TH& projects represents 38% of the total
projects currently at DSM. The 71 projects inclutteail shifting and curtailment initiatives. Of

the 71 projects that was analysed, 70 projectsbegome more dynamic if allowed. A huge

opportunity, therefore exist for dynamic DSM.

The reason why potential projects are not propaseal more dynamic format is due to the
requirements of the NERSA policy. If a more dynaapproach can be adapted, projects can be
simulated individually to determine the ability @&ch project’s flexibility. A project might be
able to shift/curtail load for longer periods oh& (which varies according to seasons).

6.4.1 Results

It is possible to dispatch DSM initiatives at timaker than the TOU peak periods. Research in

this, as well as previous chapters, indicated & tHcflexibility and initiative as far as load
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management is concerned. DSM load management cema value if it is implemented in a
more dynamic way. Customers responding in timegrothan peak tariff periods will have
financial implications and customers will need mitees to shift/curtail load at other time

periods.

6.5 Desired signals through tariffs

The analysis in Chapter 3 highlighted that the T@tiff can send a much stronger signal to
customers. Without proper pricing signals, cust@mbave no incentive to change their
consumption behaviour in response to system canttrar supply shortages [26]. The purpose
of this section is to investigate different taofftions and to recommend a way forward. Tariffs
will be investigated at a high level and their ass®d advantages and disadvantaged will be

listed.

Internationally, a number of rate options exist.nMaitilities have offered real-time pricing and
some have recently added a critical peak rate [29lhe absence of an electricity market, it
might be necessary to have electricity tariffs theg priced above and below efficient price
levels during different time periods. Money ovecaeered could then be used to fund capital
expansion projects, therefore, reducing the reveegeirement for the following regulatory

approval period. Table 6-2 was drawn up using #reegal characteristics of basic tariff options.

Table 6-2; Tariffs and associated characteristics

Time of use (TOU)

Real-time (block rate)

Critical peak rates

Metering

Relative simple

Hourly metering

Hourly metering

Period

Fixed periods

Changes hourly or

consumption increases

aShort

(contracted in advance)

periods of

time

Desired effect

Shift load from high

to low price periods

Shift load during timeg
of constraints: creat

demand elasticity

5 Shift load during times o
econstraints: create dema

elasticity

Disadvantages

Doesn’t reflect

actual costs

Complex metering

Complex metering

Short notice periods

Costs Based on long run Short-term pricing Short-term pricing
marginal costs
Best suited All customers Mostly industrial/large|  Mostly indtist/large

Real-time pricing (also referred to as block rateffs) and critical peak prices will definitely
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send a very strong signal to electricity custom@&treese are also the types of tariffs utilities
introduced internationally in preparation of eletty markets. In electricity markets,

constraints are managed economically, whereby raigtis very expensive during times of

constraints.

Although critical peak rates and real-time pricesild result in a desired load shape for any
utility, there are legal, contractual and finandraplications associated with changes to tariffs.
The development of a new tariff is associated withigorous costing exercise. The time to
implement new tariffs is also associated with cossiining of new communication and
metering technologies. Critical peak rates and-tiesd prices can introduce more elasticity in
the demand [26], [30] for electricity, however, tivme frame left to implement these tariffs is

not sufficient (section 6.2).

The quickest option is to introduce new TOU tariffOU tariffs are already approved by
NERSA and the periods (high, standard and low-delnas well as seasonal differentiation)
can be adjusted with the least delays. As long sl doesn’t over-recover during any
financial year, it should not be a problem. A nearencost reflectivd OU tariff will send clear

signals to all customers of electricity in the gBst time period.

For customers, there is an optimal point of loaift &ieyond which further shifting will not be
viable. The higher the customer’s load factor, lges scope there is for load shifting without
incurring a network charges penalty. Thereforeisitcritical to roll TOU metering out to
residential customers. These customers have a lbagdeshift potential due to their low load
factor and the total effect will contribute subdgialty. To date, only pilot TOU projects have
been implemented in the residential sector, ansktsbould be able to inform how TOU can be
rolled out to residential customers nationally. Nésechnologies are becoming more cost
effective for smaller customers, due to innovatianinformation technologies and power

electronics [43].

6.5.1 Daylight savings and the introduction of time zones

Daylight saving time (DST) is not a new concept avas implemented in Europe during the
First World War and during 1918 in the USA [41].Mamber of articles and publications are
available on this subject and the indication ig th8T is effective. Several suggestions and
recommendations have recently been mentioned iolesrtregarding the introduction of a

daylight-savings system or time zones in South cafriThe Mail and Guardian newspaper

published an article where a potential demand si560MW was suggested by D. Joubert
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from Eskom Generation [42].

Eskom’s Resources and Strategy Department initiategisearch project with the intention to
determine the potential benefits of multiple tinmnes for South Africa [44]. Table 6-3 shows
the annual peak demand could be reduced by betw®2MW and 220MW with the

introduction of two time zones and 258MW with th&@eduction of three time zones [44].

Table 6-3: Annual Benefit of Diversity [44]

Scenario 2007
1 Western Region separated 192 MW
Northern and Eastern Regions separated 222 MW
Three Time Zones 258 MW

Although energy consumption could remain the satrig possible to see a slight improvement
in energy consumption due to more efficient usedaylight. The biggest advantage will
however be applicable to a shift in demand to asrogferiod. The Director General of Public
Enterprises Portia Molefe, pointed out that thees wtill much more to consider "and work
around" before a decision would be made on thednirtion of more time zones in South
Africa [45]. The cost, complexity and subsequemdfitss of implementing time zones will

ultimately dictate if it will be implemented somee in the future.

6.5.2 DSM and the impact on the Economy

All DSM initiatives come at a cost to the econonmg dhe costs of this are generally shifted to
the end user. With the higher expected tariffs dher next couple of year's energy efficient

initiatives will become more viable that what igrauntly the case.

As mentioned in chapter 4 and 5, DSM load managermed DMP comes at a cost to the
economy too. With DSM load management all initiegivare funded by a levy on the electricity
tariff established by NERSA. Load management itiités are paid for in advance and a

response is expected during the contract perie@djgsed to between Eskom and the customers.

DMP customers are paid when customers respondtendesponse is guided by network or
capacity constraints. The costs of DMP are expenBit it must be noted that DMP is more
cost effective than the alternative, which is mgkuse of gas turbines to meet peak demand.

The exact costs of the load shedding during 200@/&dustries and the economy can not be
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accurately quantified but the cost of unserved@néCUE) is estimated to be R 50bn [46].
All the initiatives mentioned will have an effeat ¢he country’s economy and in the long term
it is expected that more efficient measures wittdrae a natural choice. These energy efficient

measures will also help to reduce the overall dehpaafile.

6.6 Research questions — results

Research question Anticipated outcome

How do customers respond to the TOU tarifflost customers respond to TOU tariff signall.

signal and are the tariff signal still effective?

Research outcome

From the research it was found that (Figure 3-3,&83d 3-4) not all customers respond to |the
TOU tariff signal. More customers respond during igh-demand season than during the lpw-
demand season (Figure 5.1), which is an indicati@ the higher price has an effect on a
decision to respond. It was further found (Figurg) 3hat the fluctuation per season was jnot
substantial enough to indicate an overall effecti@J tariff signal. The conclusion that can |be
reached is that some customers are more sengsitikgher electricity prices than others. The

tariff signal seems to be less effective than wiharas initially introduced.

Research question Anticipated outcome

Are system peaks and TOU peak period$ie system peaks and tariff peaks are| no

aligned? longer aligned.

Research outcome

From the research it was found (Figure 3-9) thatesy peaks and tariff peaks are still aligned.

The highest demand generally occurs within the Ti&idf period. The research further shows

(Figure 3-5 and 3-6) that a number of constraimisuo out of the TOU peak periods. This|is
further supported by Figure 5-1 and Table 5-1 whiddicate the expected DMP responses in

periods other than TOU peak periods.

Research question Anticipated outcome

Are system peaks still aligned? System peaks are no longer aligned.

Research outcome

From the research it was found (Figure 3-7 and 8i8) system peaks are still aligned. The
huge increase in consumption over the past fewsyisazausing the peaks to be much higher if

compared with historical data, but the peak perieasain the same. Peaking generation must
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be used to meet the demand in a number of case® whis was historically used purely over
the TOU tariff period.

Research question Anticipated outcome

Can load management shift load successfu1IyZ?SM technologies shift load successfully.

Research outcome

From the research it was found (Figure 4-2, 4-4 4 that load management initiatives gan

shift load effectively.

Research question Anticipated outcome

What are the advantages and disadvantaget@hd shifting/curtailment may occur when po

load management? constraints are experienced, which could Iead
to a loss of income for the utility. Load
shifting can add value but new peaks might be

created.

Research outcome

From the research it was found (Figure 3-6, 6-6 @7)l that peaks generally occur in the TQU
tariff period, but are also very evident in the f®obefore and after the TOU tariff peaks. It was

further found that peaks occur at any time durimg tlay, depending on network conditigns

(Figure 5-1, 5-3 and Table 5-1). During 2007, DM&svdispatched on average 37.73% (annual

average) in hour 17 and 5.04% (annual averagedun b9 (Figure 5-1), which highlights what

role load management might have played duringtiime.

Research question Anticipated outcome

Can DMP curtail load successfully? DMP is able to curtail load successfully.

Research outcome

From the research it was found (Figure 5-4, 5-5 &) that DMP is effective in curtailing

load.

Research question Anticipated outcome

What are the advantages and disadvantage®MP can curtail load at any time.
DMP?

Research outcome

From the research it was found (Figure 5-2, 5-3 &)l that DMP can be dispatched to curtail

load in any hour when system constraints are eggdeot experienced. It was further found

(Figure 5-6) that DMP contributes very effectivaljth frequency control. Limited customer
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participation in DMP is a disadvantage. More pgtats create competition and reduce

customer fatigue.

Research question Anticipated outcome

Will DMP and load management be requiteldoad management and DMP will be required

in future? to manage peak demand periods.

Research outcome

From the research it was found (Figure 6-1 and &) load management and DMP initiatives

will add value in managing constraints in shonrtedium term.

Research question Anticipated outcome

Can load management initiatives become morFée two technologies can be integrated.

dynamic?

Research outcome

From the research it was found (Section 6.4) tbatesload management initiatives can|be

technically integrated into DMP. Policy issues, koer, don't allow this initiative. It was

further found (Figure 5-5) that smaller participamian successfully be grouped togethef to

ensure a valuable response and that technologesinaplace to accommodate multiple

participation in DMP.

Research question Anticipated outcome

Can new tariffs assist with the expecteldeal-time pricing and critical peak rates w

capacity shortages in the short term? assist to achieve a desired load shape

objective.

Research outcome

From the research it was found (Table 6-3 and &e&i5) that to manage the current and future

constraints expected in the short term, the TOUf tara feasible option. However, the tariff
periods and seasonal discrepancies need to bectamtrelhis research also indicated (Figure
4.6) that the most feasible option is encourageenienergy Efficient initiatives or load
management initiatives with a energy efficient comgnt. Energy Efficient technologies wl

reduce the overall demand profile. A more costectiVe tariff will also encourage Energy

Efficiency.
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CHAPTER 7: OVERALL VIEWPOINT

7.1 Conclusions and recommendations

This research show that load management and DMPnede a significant contribution to the

electricity supply system if these initiatives arenaged optimally. The tools available to
achieve a desired load shape objective may betwiedut must be adjusted to ensure the
maximum benefit is realised. In some cases, theegtimcentives are not sufficient to ensure a

desired load shape.

The current time of use (TOU) tariff signal is retfficient. The TOU tariff peaks must be
aligned with system peak periods. The TOU tariffsmiurther be reviewed to ensure that a
desired load shape objective can be achieved. dmoaal definitions in light of changes to the
demand profile (price, peak seasons and peak hwitlén each season) should also be

reviewed.

More participants on TOU tariffs must be introduc&tese tariffs must also be introduced in
the residential sector. A huge opportunity exisisthie residential sector due to current
consumption patterns and the low load factor aasedi with these customers. With new
generation metering technologies, residential TO®Bteming has become a viable option

internationally.

This research further proves that DSM initiativas e more effective if current initiatives are
optimized and load management evolve into a monamyc approach where system constraints

dictate a response rather than the TOU tariff stirec

It is therefore possible to convert a substantigmgity of load management initiatives from the
current static programme to a more dynamic approdtis will further allow for more

participants in DMP without the usual costs asgtediawith DMP (customers expected to
respond due to money invested in EEDSM initiatij#}sand not all paid as the case with
DMP). The system will be managed better and custoesponses will be guided by system
and network constraints. Load management progranumaisle to become more dynamic will

add further value if the TOU tariff can be adjustedeflect actual system constraints.

DMP is effective in achieving a desired load shapgective. More participants in DMP will

bring DMP more in line with international best piees. With more participants, DMP will
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also reflect market prices (prices at which custsnaee willing to reduce load).

Both load management and DMP can be used to cantdilshift load effectively. Both load
management and DMP must be retained to complemanént supply side options. Load
management and DMP further contribute to the sydtecause network constraints do not

affect these demand side technologies as is tleevads supply side options.

7.2 Areas for further research

Further research on the following topics will béeato guide future strategies and initiatives:

« Implementation strategy for dynamic load managemevitereby load management
initiatives can be dispatched at any time of the da

» The relationship between the growth in the econcamg the growth in electricity
consumption.

« Viable energy efficient technologies able to redimeoverall demand profile.

e Cost of various DSM initiatives to the economy.
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