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ABSTRACT

Embedded generation (EG) provides many benefiterims of reduction of system technical

losses and increased load carrying capacity. kigtudy the sustainable EG carrying capacity
permutations in a medium voltage distribution systaiill be determined. Using these results,
the financial investment recovery potential of E@l Wwe studied and the impact on the cost
recovery by the Utility as a result of compensatimg EG at the current system marginal price,

will be analysed.

The study was done to show what capitalisationtmadone on a medium voltage distribution
system, by the owners of EG plant receiving reveinom the Utility, at the system margin
price with the anticipated inflationary increas&be study will also cover the effect on the
revenue stream of the Utility as a result of vadtaganges caused by the EGs to the loads being

supplied.

The electrical system used in the study consisfeal radial system with distributed load and

generation. The distributed loads were modelledgiie average load capacity supplied by the
Utility in medium voltage system. The average voduai sales lost as a result of non-technical
losses was included in the load model so that tleeatl accuracy of the revenue effect by EG
on the Ultility, could be increased. The amountagitalisation that is achievable by the owners
of the EG was tested against various practical p&tion scenarios, including variation of

location, system impedance (different X/R ratigshe of operation and changing load volume

and type.

The extent of successful penetration of EG intodis&ibution system was found to be between
20% and 60% of the load carrying capacity of thetay. The simulated results revealed
“bathtub curve” behaviour for the cost of energysies and this reconciled with the theoretical
analysis of other studies done in this area. Lovetume penetration of EG results in higher
investment potential of up to ten million rand MW with a 5% MARR per year. This is very

low when compared to the levelised cost of the egpe renewable energy technologies that
are currently available in the market. With highenetration of EG on low impedance systems,
the gross contribution of the Utility is negativedffected which would introduce instability in

the SMP yearly increases.
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1. INTRODUCTION

Over the last three decades the effect of high&@ NQ pollution emissions levels as a result
of using fossil fuel generation has come undereasing scrutiny in the world. The extent of
which is apparent by the penalties and funding ttmmg applied by investing agencies to this
type of generation [1]. The trends for internatiohinding and lending intuitions indicate
favouritism towards investment into energy savingcpses and technologies rather than capital
investment into fossil fuel technology. This is weapparent in the North American and
European energy markets where the energy usedpisflee even though economic activity

increases [2].

These efficiencies will not resolve the long terlobgl appetite for electricity generation as the
world population continues to increase in Africad afssia where the additional demand for

electricity generation represents the largest drive the demand for energy and hence,
economic stability. It is expected that the rolénafependent power producers will greatly assist
the liberalisation of the African energy marketexsplly in the renewable energy sector and the

efficiency improvement requirements for the indiastind commercial sectors [2].

In South Africa electricity generation is mainlyrided from coal fired power stations which
utilise low grade coal as the source of fuel. Tlyize of generation produces high pollution
emissions levels and also places stress on scasx vesources. The high average age of the
entire generation infrastructure decreases thergtoe average availability time. This results
in increased maintenance costs. The transmissidndasiribution infrastructure, in African
countries, has to also expand rapidly due to grawtdtonomic activity and electrification. The
capital required for building new infrastructuredene mainly through long term loans and
bonds and this is one of the main contributorshoretail tariff in countries like South Africa,

increasing at a much higher rate than inflatiorhegear for the last five years [3].

Embedded Generation (EG) options are being focasetly users of electricity in order to
improve energy savings and increase revenues defreen the sale of electricity. Feed-In
Tariffs (FIT) are used by Government agencies inntges including, but not limited to,
Europe, North American, Australia, and New Zealatodincrease the viability of renewable
energy technology [2]. In South Africa, the Depatiof Energy, has introduced a renewable
bid in program based on international experieneesnomic studies and localised parameters.
The nature of the program is based on price biddiitgg average cost of all the renewable

energy can only be assessed after the programeleasdoncluded in 2015 [4].



The renewable energy cost recovery by Utilitiedare via existing pricing frameworks for cost
recovery. This results in an increasing wholesaliff which is the average cost of generation.
International practise requires that that the wéalke tariff becomes the rate at which power
suppliers, outside structured renewable energyrprog, be paid [4]. Eventually an economic
point is reached where the cost of investing iralised EG, becomes viable at the wholesale
rate. This breakeven point varies across the @laileG technology spectrum. However, it is
possible to calculate the capital investment thatlwe made by investors, based on the revenues
derived from selling power to the Ultilities, at thdolesale rate. The wholesale rate is also

commonly known as the system marginal price (SN8P) [

The research hypothesis is that the introductiorEGf into a Distribution medium voltage
system will improve the overall system load transfapability by reducing technical losses and
displacing existing load but the amount of capitgjuired for investment into EG projects will
be limited by the amount of EG penetration, the amand load pattern usage of the paying
and non-paying customers being supplied by thetyJtthe electrical parameters of the system

and the pricing tariff used for buying the energynfi EGs.

1.1. Motivation and objectives

It is by no means easy to give a general view efdirrent state of research about EG, because
of the various emphases of different researchethdriollowing, a brief review is presented by

focusing on the works which concern the finanatglovery of EG in medium voltage networks.

As far as the author of this dissertation is awtiere has been a lot of technical analysis
performed on the penetration and optimal distridyutnodelling of EG but the question of the
level of capitalisation that can be made by investiased on revenues received at the SMP,

which includes the recovery of both technical and-technical losses, needs to be answered.

The objectives of this dissertation are:

* To identify and evaluate the amount of technicall aon-technical losses in a
generalised medium voltage system. Losses are csedpof technical and commercial
(non-technical) components and vary with changes customer composition,
consumption patterns, changes in electrical grigblgy and accuracy of customer
billing [5].

* Evaluate the impact of EG on these componentsssels

« Evaluate the resulting revenue recovered by thigyi the generalised system.



» A further step is proposed to determine the coowtiunder where EG changes the
revenue recovered in the general MV distributiostem.

* Another objective of this dissertation is to given answer to the following
consideration: Can the load loss savings thatdssified as either capacity or energy
loss savings, be attributed to the EG’s and proadifficient revenue stream for the

investment of infrastructure based on this futuemgs potential at the SMP?

The question in the last bullet point listed in titgectives above is answered by investigating
the financial relationship between EG and the custocomposition profile for a typical
(generalised) network. The effect of improving systperformance on the revenue recovered as

well as the asset creation costs will be taken astmunt.

The following are the main assumptions adoptedHergeneralised system:

1) The loads and generators are evenly distributet thié electrical parameters of the
generator fixed and based on typical values. The sf the generation per point will
allow all load variation permutations up to the imaxm full load consumed per point.

2) The composition of the load points is based oratleage historic sales volumes.

3) The non-technical loss breakdown used is basedetthviork done over the last three
years by Eskom in Kwazulu Natal.

4) The payment rate for generation will be at theeaystnarginal rate. This rate will be

directly impacted by the volume of new generation.

1.2. Outline of the Dissertation

In meeting the final goal of determining the finmh@ffect of embedded generation in medium
voltage systems, the requirements to be assessdidtad below. These requirements are to be
met in order to ensure that the evaluation of thim,dextraction and simulation of information,

will allow results and conclusions to be made basethe completion of the dissertation

Following the introduction into the context of tleavironment in electricity delivery sector
given in chapter 1, chapter 2 overviews the mettamgoof this work, mainly including:
1) Exploring the current research on similar topicthimi the field of EG in South Africa
and internationally
2) The concept and attributes of EG and their impacsystem operation in a generalised
network

3) The concepts and attributes related to static loads



4) The fixed and variable costs associated to EG’s.

5) Determine a suitable tariff model based on tatiifist are available from Eskom and
currently in use in South Africa.

6) Determine a suitable model to be used for the &tiom of non-technical losses for
medium voltage systems.

7) Determine a suitable simulation model to be sinealah DIgSILENT PowerFactory.

8) Determine the load data sets to be used for thelaiibon models and compile an
algorithm for testing multiple variables using DIGENT PowerFactory load flow
simulation software

9) Detailing the method used to derive the load, gk=dtsystem and cost model for the
generic system.

10) Detailing the method and techniques used to teshypothesis and analyse the validity
of study

11) Detailing the electrical models used and the patara¢hat are varied in the simulation

model.

Chapter 3 concentrates solely on the results asclislsion of the results which are presented
and evaluated as follows:

1. The results of the simulations are analysed.

2. The practical permutations of operational flexigilavailable are determined. This is
done by evaluating the configurations of embeddedetntion that is possible in
medium voltage systems.

3. The capital investment limits are determined fog tharious scenarios based on the
overall system limits. The scenarios include thgnpent options available for different
minimum attractive rate of returns (MARR).

4. The discussion of the results and comparison \ighthieory from the literature review.

Chapter 4 looks at the conclusions and recommenmdafrom the study and will include:

1. Determining the penetration limits of embedded ga&ten in a medium voltage
system.

2. Determine the effects of EG on technical lossestardcost of energy recovery for a
MV system.

3. Determine the effects of EG on non-technical lossebsthe cost of energy recovery for
a MV system.

4. Determine the capital that can be invested for & dystem based on the income

generated from operating with the system limitthef MV system.



5. Determine the effect of using different load modwmisthe MV system with EG and the

resulting financial impact.

2. METHODOLOGY FOR DISSERTATION

2.1. Literature survey

2.1.1. Concepts and attributes of embedded generation

Embedded generation (EG) can be defined as gemertiiat is connected to the distribution
system (< 132 kV), is generally less than 40 MWgJrdonsists of various technologies and fuel
sources, and is not centrally dispatched by th&étyJ{6]. The medium voltage system which
will be used in this study is defined as less thad equal to 33 kV. The typical mixture of EGs
to be connected to the MV system in South Africauldcconsist of wind, small-scale hydro,
combined heat and power (CHP), photovoltaic andflirgas [6]. The variability associated to

the energy input required (feed stock) is not ceden this dissertation.

Distribution networks have historically been desigrand operated for unidirectional energy
flow but with the introduction of EG, energy flowse changed and new systems and processes
will have to be introduced to accommodate the ckangcharacteristics of the system. This
extends from operation to energy and short cilewiél management. With increasing levels of
penetration of EG, there will have to be a charfghioking regarding the planning, design and

operation of distribution networks in South Afrii.
Compared to conventional generation, EG usuallychasacteristics as [7]:

* not centrally planned.
* not centrally dispatched.
» with small capacity.

» usually connected to the distribution system.
And it mainly contributes to [7]:

* reduction of emission levels (mainly @Qulphates and nitrates).

» energy efficiency or optimal use of different enesgurces.

» deregulation of supply industry or competition p@s enabling overall price changes.
» improvement in diversification and hence reducéanee on fixed energy sources.

e reduction of land sterilisation.



2.1.2.

quicker plant construction availability times dodrer capital costs of smaller plant.

reduction of power transmission costs and losses.

Overview of embedded generation technology

The concept of EG in Distribution networks in So#éthica is new but the currently available

EG technologies up to a capacity of 5 MW, usedenBEU and America’s mainly include [8]:

1)

2)

Micro turbines — With the increasing retail costedéctricity, there has recently been
increased focus on this emerging technology evenghi it is currently only available
from a few manufactures with the models rangingnfr80 kW to 200 kW. Micro

turbines promise low emissions but are relativelgemsive [8]. The suitability to the
South African market will depend mainly on the casibsidies that are economic

available and the feed stock availability to thenpof generation.

Motor Drive

Microturbine Inverter

generator

Microturbine Gear

Inverter ﬂ Reduction

Drive Motor Power Control
Module

Figure 2-1 Capstone micro turbine generation sebbk diagram [9]

Industrial combustion turbines — In South Africhjstis a mature technology and
current available size penetration ranges from 1 Wbver 5 MW. They have low
capital costs as they are inherently always part afombined process; have low
emission levels, but also low electric efficiengtimgs. In order to increase overall
process efficiencies, there is greater focus ongusiis technology as there is a range of
products which suppliers can provide depending ba tarket offering. This
technology is receiving a lot of focus in reseaio increasing efficiency levels for
this widely available technology and finding custormade applications. Industrial
combustion turbines are being used primarily fdsetting high retail tariffs in peaking
power operation mode and in cogeneration applicatiwhen feedstock and product

diversity is available [10]. This study will useetiparameters of these machines as its



penetration and availability potential in the Soafihican market is high and there are

some established applications.

== £,

Figure 2-2 Industrial combustion process [11]

3) Fuel cells — Although the first fuel cell was deygdd more than 150 years ago, this
remains a high end cost technology and there ang lirsited applications for this
technology as a result [10]. Although the emisdmrels are quite low, the combined
life cycle emission taking into account manufactueelundancy, idle time, replacement
and disposal could be high and demonstrated rétiabémain major problems for its

market penetration [10].

Individual Fuel Cell

('1'33 ::3:5 /. Electric /.

' Power '/

Figure 2-3 Individual fuel cell chemical process 21



4)

5)

Photovoltaic — There are essentially two typesadérsphotovoltaic (PV) technology,
crystalline and thin-film which are both are faintgature, being developed over 70
years ago and are currently widely available fahlmwmmercial and domestic use. The
technology is expensive and relies on Governmdugidies to reduce installation costs
and improve financial viability but improvements ime manufacturing of the
technology as well as increased global demand Her technology has resulted in
decreasing manufacturing costs of approximatelyl1406/Wp in 2010 to 0.7-1.0 $/Wp
in 2013 [13]. The modular nature of solar PV metra it be installed for output
ranging from a few Wp to several hundreds MWp wiigher economies of scale
achieved for the larger installations. The infrasture to support the installation of
solar panels is very easy to construct due to aseclilesign requirements and the actual
panels produce no emissions during operation amgireeminimal maintenance. South
Africa has very favourable solar irradiation levefsbetween 2,000 to 2,600 kWHh/m
per year on a horizontal plane this is availablealbmonths in the year whereas other
countries in the northern hemisphere where thentdolgy has been highly used, suffer
from season bias [13]. The low use of water makestechnology suited for Southern
African countries where water is limited. This teology is very easy to install, but
there are limited manufacturers in South Africa aexposure to exchange rate
fluctuations and lack of contribution to local eoames, in terms of resources and

manufacture, makes this technology extremely c@stlgemonstrated in Annexure B.

Figure 2-4 Typical PV installation [14]

wind Turbine systems — Are currently available frorany manufacturers and are the
lesser expensive renewable energy technology tesée [8]. The reliability is variable

and the performance requires very specific conuiitio order to be effective. The main
requirement is that the wind resource needs twhsistent and unidirectional. Variable
wind conditions result in poor operational effictéas and design windows have to be

made larger resulting in more costs. The typicatda South Africa is shown in



Annexure B which was acquired from the Power Gdimralechnology Data for

Integrated Resource Plan of South Africa [4].

How Wind Power Works Horidbntal-axis Turbine

Aoior Blade
Toviar

Macalle

Hub

Low-spaad High-spesd
Shaft Shait

Rotor Hub Gasrbox

Braka Brake Genarator —'-T

Figure 2-5 Mechanical structure of wind turbine paav [15]

6) Small Hydro Turbines — Water resources is SouthicAfis limited for electricity
generation application. The dam infrastructureont8 Africa needs to be increased but
the cost differential between agricultural and destial requirements is large and
subsidies between treated and untreated watet fnaacially sustainable without very
high external subsidy. Run of water system germmais more viable and there are
many sites in South Africa for this technology witlte power output range from 300
kW to 2 MW with a very high load factor. The opéngtpower range comes from the
applications for grid connection that have beereirel by Eskom over the last three

years for hydro generation projects [16].

7) Biomass Generation — This is the largest capacitgéneration in KZN. The fuel being
wood or wood residue, bagasse (from sugar canejogrsdand leaves from sugar cane.
The potential generation range is from 1 MW to M\ [2]. Infrastructure upgrade
costs would be the highest cost factor. The windéwperation would only be for 9
months of the year but with a very high load fa¢id]
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water beater

biogas

Figure 2-6 Biomass generation process [17]

2.1.3. Impact of embedded generation on power system opdians

From a technical aspect, EG poses some impactewearsystems, especially to the operations
of distribution systems. They mainly include:

« Voltage rise - The utility must provide electricity the customers at a voltage within
specific limits. However, if the capacity of thentcted EG is relatively large or the
connection between the transmission and distribusipstem is relatively weak, the
steady state voltage rise may be a problem [18F &halysis is carried out under both
maximum and minimum load conditions. The worst casenario for voltage rise
occurs at minimum load conditions and are createtbly load conditions or high EG

output levels [19].

» Protection - The connection of EG changes the ntagej duration, and direction of a
fault current, thus requires corresponding adapiatof the existing protection system.
The rules of operation in South Africa as per thdamal published standards for grid
interconnection of EG, require that the EG autocadlif and safely disconnect from the
grid in the event of a loss of the grid or as ailtesf an abnormal condition [20]. An
abnormal condition is where there is a changeensifstem parameters i.e. voltage and
frequency limits. Table 2-1 [21] includes a summafyspecific protection functions
that shall be provided at the point of utility celstion (PUC).
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Table 2- 1 PUC protection requirements per voltdgeel

Protection Type HV Requirement MV Requirement
Overcurrent, Earth Fault Yes Yes

Sensitive Earth Fault (SEF) No Note 1

Phase Under/Over Voltage Yes Yes

Residual over-voltage No Note 1
Under/Over Frequency Yes Yes
Loss-of-Grid Yes Yes

Check Synchronising / Yes Yes

interlocking (Block dead line

charge)

Reverse Power Note 2 Note 2

DC Failure Monitoring Yes Yes

Note 1: Depends on neutral earthing philosophy adoptséutral voltage displacement protection will be
applied on networks where the EG or generator foam&r does not provide an earth connection tdetsieom
network. Earth Fault and Sensitive Earth Faultgmiion will be required in the event that an eadhnection

is provided

Note 2: Reverse power protection shall be applied in @hent that the EG does not plan to, or is pot
permitted to export power to the grid, but whicti \we synchronised with the grid.

Power Quality — The measurement of the qualityufpsy at the point of connection
would include “frequency deviations, connection/supply interrgpis, voltage
variations (including voltage dips), voltage harnts) interharmonics, voltage flicker,
voltage unbalance, voltage swells and transientsjenvoltages and overvoltages”
[21]. It is not practicable for the Utility to guarantd®at the continuity and voltage
quality of the connection will always be maintainedder all contingencies. It is
therefore incumbent on the EG to take adequate uresdo protect the EG facility
against any losses and/or damage arising from gugmliations in quality of supply
parameters [21]. The national regulatory standar8outh Africa (NRS 048 -02) will
determine the parameters for the quality of supplyditions.

Stability - The increase in the incremental capacit EG as a ratio of overall power
supplied from non-EGs, determines that its effaghower system stability analysis be
taken into account. Therefore more consideratioasrequired in this aspect and this
will place additional pressure to acquire and retary high resource skill levels and
system levels analyse capability [22].

Security - EG energizes the system via lots of gsaéimd thus complicates the policies
of isolation and earthing for safety, before maiatece work is undertaken [22].
Thermal Constraint — The rated current carryingacdp of the lines under design
specific conditions must not be exceeded [Blnder standard voltage levels and power
factor conditions the rated current of the line daa translated directly into a rated

active power for that lirig[8].
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* Equipment Rating - The combined value of the gdiwrand load must not exceed the
rating of the transformer. The manufacturers’ djpetions for maximum withstand
short circuit rating capability for the equipmenush not be exceeded. Due regard
should be exercised when using fault limiting equémt and the out of service
implication of this equipment [23]. Calculationsositd be done every time equipment
is changed out.The short circuit ratio (SCR) is the ratio of geagr power to the
short circuit level [24]. This ratio translates directly into the texje performance as a
result of a system abnormality i.e. a fault on $lgstem [24]. If this value is too low,
instability when using induction generators coutttwr. The inverse is also true i.e.
with a high SCR, the induction generators on trstesy will remain stable during faults
or loss of feeders [25]. The operation of the E€xqztion as a result of instability, will

result unplanned outages of the EG and will implaeir financial performance.

2.2. Static load model

For medium voltage distribution systems therehggh R/X ratio which means that the types of
loads used in simulations will affect the voltaggulation results and hence the electrical losses
results. For transmission systems the busbar \edtage regulated by various voltage control
devices and lumped constant power loads can beass#te worst case scenario for load flow
studies. This is not the case for distribution ays where the V-1 characteristics of load are
more important for the system load flow studieider to determine the effect of new load
connection and the sizing of LV infrastructure. fieghare two load models that are traditionally
used, static models and dynamic models [26]. Tliecefof dynamic load models is not
important in load flow studies and could requirgyvepecific simulation tools [26]. Another
reason for not using dynamic load models in thigigdar study is that dynamic load response
changes are not relevant on large lengths of tirhergvthe minimum measurable period is
integrated over 30 minutes by the energy measuremeters installed'Static load models, on
the other hand, are relevant to load flow studisstl@ese express active and reactive steady
state powers as functions of the bus voltages ¢aten fixed frequency)[26]. The simulations
used in this dissertation will take only staticdomodels into account. The static load models

are categorized as follows :

* “Constant impedance load model (constant Z): Aistldad model where the power
varies with the square of the voltage magnitudeislalso referred to as constant

admittance load model[26].
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* “Constant current load model (constant I): A staliiad model where the power varies
directly with voltage magnitudef26].

* “Constant power load model (constant P): A stattad model where the power does
not vary with changes in voltage magnitude. It lIsosknown as constant MVA load
model” [26].

Load modelling has always been a difficult issuedose [26]:

* many different types of load are connected to thegy system at any period of time
» level of complication and quantity of data is vergh at any given moment

» itis hard to predict loads response (behaviour)

There are two mathematical forms that are commasld in modelling studies: polynomial
and exponential load models. Polynomial model s¢a¢éic model describing relationship of the

power and voltage magnitudes as a polynomial eguaind can be expressed as [26]

P, = P, [pl (VK())Z +py (VKO) n pg] (2.1)

2

QL =0Qo [Ch (VKO) +q: (VKO) + %] (2.2)

p: and q are the constant impedance load parameters
p. and gare the constant current load parameters
p: and g are the constant power parameters

Note: The frequency variation with the generaterare not going to influence the overall

system frequency, hence the frequency sensititgmeters can be ignored.
Whenp+p+pk=1,qg+g+g=1whenV =\

While the exponential model has the form of [27]:

P =P, (K)np (2.3)
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v )np (2.4)

Q=Qo(70

Setting these parameters to 0, 1, or 2, the loadehimecomes constant current, power, or

impedance.

2.3. Economics of embedded generation

The legal requirements and as well as the techhidat to which both the Utility and the EG
must adhere to is covered by a connection and fusgstem agreement signed between the two
parties. Violation of these limits will result iedal action and or the severance of the EG from
the grid. The connection and use of system agreeaism ensures that all EGs have the same
access to the grid and promotes fairness. In addit this, there would also have to be tariffs
that are fair to both loads and generators witleguitable loss allocation policy [7]. In South
African the framework for this policy has not bg@oemulgated as yet. It is expected that before
the year 2015, Eskom will have such a policy alééldo recover the investments necessary for
a cost effective and sustainable grid. It is aptted that Utilities will have to create a special
generator tariff that will allow the Utility to rewer upfront connection costs and any other
additional costs required for maintenance, opematieeplacement, social subsidies and a

reasonable rate of return on the capital [7].

The basis of having the tariff with appropriate gection and running costs would allow the
grouping of cost and benefit, thereby allowing éguitable cost allocation to both loads and
generators on a year by year basis. The connectiets may alter the cost base of the EG
significantly. When EG’s connect at higher systeaitages there is greater stability to the
system but the connection costs are much morefisigmi and this also will contradict the need
to have dispersed generation at the local levelssto improve the load carrying capacity and
overall reach of the distribution system withoutigidnal reinforcement [7]. This conflicting

objective can in part be addressed by appropregalation and incentives but it needs to be

balanced appropriately, and will definitely requare in-depth technical and economic analysis.

“Reactive and/or active power control may be usadaameans of controlling the network
voltage profile and in particular the voltage risffect” [7]. This would have to be included in
the network tariff structure but it would be veriffidult to implement in the current tariff

topography as there has to be a commercial framefeorthe provision of voltage regulation

services on a competitive basis. Currently the dasusn the individual to ensure that power
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factor is at its optimal. Unbundling cost composeint the tariff is complicated and eventually

will lead to an averaging principle.

The degree to which upstream costs are recovevettfie generator will determine the overall
viability of the point of connection. The boundapgint at which a Utility attributes cost

changes to an EG could be shallow, which only aeehe physical connection point or deep,
which would cover all reinforcement costs requitedthe Utility. Both these means of cost

recovery are also affected by the Utilities abitiyraise capital from the market place.

For EG’s that are presented connected to the sydisskom recovers all the physical costs
related to the direct connection. This cost is veced as an upfront payment and is the policy
favoured by the Utility. It would however put a leugtrain on the Utility to recover the costs
from borrowings especially in the current climafeeoonomic unbalance should the upstream
or deep costs, be very significant in nature anth Jimited attributable growth in new

customers.

There would also be various other levies that woodd required for EG in South Africa
including electrification and rural subsidy leviasd a contribution to network security. In
principle EG make a positive contribution towarlle security of generation but ultimately the
state owned company has to make provisions foraltingencies. It is also expected that the
EG on distribution systems will not be scheduled aot dispatched from a central location.
This will impact forecasting requirements and thslitg to deal with real time network
contingencies. The cost for this sophisticatiori uliimately lead to higher network availability
charge. It can be argued that the availabilityexeyation is considered to be significantly lower
than the availability of distribution circuits, hewer in South Africa there are licensing
challenges associate to running island networkls eustomers that are normally supplied from

the Utility. This challenge would not be easily coc@me.

One of the key drivers to stimulate localisatiorE@, is to have a clear and consistent policy on
the equity and allocation of energy losses. Som#hefpolicies that are used internationally
require the calculation of marginal contributiorhiS would work if the network remained
static, but networks in South Africa are constanlging changed to accommodate the
expansion of the system into new areas. If the margontribution changes every year, as it
would need to, then the revenue streams of the BGldvbe difficult to predict and deter
establishment in areas where capital relieve fonfoecement can be obtained with the

introduction of an EG.
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The technical and network pricing frameworks therefhave to be done taking into account all
levels of economic and social needs and it is itytamportant that these frameworks and

policies can be implemented in a consistent andifay.

2.4. Fixed and variable costs for EG

In order to perform a financial analysis of the aopof EG, there is a need to know the cost for
constructing and operating a system. These costvey specific to the type of technology
used and the circumstances under which the EGédd. uss an example to this, the costs
associated to building and operating PV plants dayending on the UV densities as does the
costs for building wind generators in variable wiodnditions. Although it is possible to
determine average costs per MW per technology,ettaserage costs do not reflect the
variability of costs across the whole operationsctium. It is therefore not the intention of this
dissertation to generalise these costs as a fixst mer unit but rather to use the system
marginal price (SMP) as an indicator of what levEfixed and variable capital can be made

available in a generalised network.

It is very important to be able to attribute battetl and variable cost categories to a project so
that the overall life cycle cost effectivenesseturn on revenue can be determined with a clear
risk profile. In all circumstances the costs redate operations and maintenance, are very

system specific [28].
The fixed costs include [28]:

* “The cost for purchase of the equipment, includamy taxes, and transportation to the
site” [28].
* Installation costs which broadly consists of [28]
o Installation licenses, permits and compliance fteation
Acquiring the required land and the costs relabeprreéparing the land
Construction of the buildings and facilities

Installation and commissioning of equipment costs

o O O O

Soft costs — This includes the fees related togitive design work as well as
other professional services required for the ailytvaluation, planning and
development including documentation and as-budtMmings costs. This can be
15%-30% of the total cost.

0 Interest during construction and escalation costs
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The variable costs include:

Operation and Maintenance Costs

o During the design and construction phase, all dspef costs related to the

decisions of operations and maintenance of largtllations will be taken into
account. The decision assumptions would need toobered by appropriate
insurance risk migrators, like currency fluctuatigsk mitigation. This is not
necessarily the case for smaller installations tetde are inherent risks that
interventions aimed at reducing initial costs magad to unintended
consequences of increasing operational and maimteneosts jeopardising the
overall total economic performance levels of thejgut [10]. The availability
of fuel across the time range for which it is nekds the highest cost
contributor towards the operational costs. Evennwheel is available as a
result of a by-product or waste recovery processage and handling costs on
the direct profitability of the main product lines, significant. The variability
and unpredictability of renewable fuel also leaalkigh standing costs [10].
The running costs for various other consumablesh si$ lubricating oil, make
up water and chemicals, is generally small if theredequate maintenance and
refurbishment policies in place [10].

The number of people needed for an operation woeldetermined by the size
of the system together with the extent to whichomation is used. The range
for medium-size systems is from 10 MW to about 30VMand for these
systems, it will require that the operations aterated to on site and could be
controlled by one person with sufficient technishill. It stands to reason that
systems that are larger than this, will need priogoally higher number of
resources for operational and maintenance ac8vifidhe health and safety
regulations in South Africa specify the number ofople required for
operations if the system includes an exhaust gdserbdf the fuel is solid in
nature then the handling and storage costs neeel taken into account.

Where electricity generation is from reciprocatermgines and these are heavy-
duty engines, these will usually require less neiahce than light-weight
engines. The manner in which the system is operatet maintained will
determine the overall cost impact [10].

The maintenance industry in South Africa is veryllwestablished and a
company would have access to a variety of mainmmacontracts. The
contracts are normally negotiated for the periodopération and of such a

nature that will pose the least amount of finaneiadl operation risk. The cost
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effect of these contracts can be easily forecaatetl taken into account. In
order to reduce costs it is possible to instalimmbiagnostic and performance
monitoring systems. The maintenance can then bedstdd more efficiently
and done when and as required. These types ofnsysgenerally decrease
maintenance costs but usually the technology systeeds to be researched
thoroughly before implementation and the all treksito operation, properly
quantified [10].

In order to minimise financial operating risks, gmpent failure and damage,
have to be covered with appropriate short and teng insurance. There may
also be cases of extended loss of income due teuresathat out of control of
the business including but not limited to strikeafety incidents and other
various business interruptions. The appetite ifgk and risk mitigation will
determine the overall cost of insurance and thik vary depending on a
variety of issues including but not limited tthe type of prime mover, the
equipment performance history, and the system demsigl operating mode”
[10]. The cost impact is very predictable and ia thnge from 0.5% to 2% of
the operating costs, generally [10].

There would also be costs of raising capital infdren of interest on loans as
well as costs involved in the general administraté operations, management
fees, taxes, interest on loans (if any) [10].

In all operations and maintenance, there are fexed variable costs. Certain
fixed costs can be variable over long periods psticosts change due to non-
system related issues like wage increase hikesvwan#ler strikes. Detailed
logistics and analysis over long periods of time eeeded to separate the costs
of a particular system into these two categoriegerage industry costs could
be used as a first investment cost but these ¢w@sts to be refined as the

project moves from pre-feasibility to concept difam and design phases [10].

Training and development costs

Research and development costs

Load model methodology

In order to model the load profile of a Distributisystem in South Africa the energy resulting

from both technical and non-technical losses habedaken into account. This will be an

important factor in determining the overall economiifect of EG in a distribution system.
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In order to simulate the effect that EG would hawea typical load point, the load type has to

be varied. A high component of non-technical logsemade up of constant current type loads.

Table 2-2 below shows the energy balanced in KaNHe financial year. The data in the table

was obtained from Eskom’s Energy Trading Departnieri€wazulu Natal. Kwazulu Natal is

one of the nine provinces in South Africa and Eskdemergy Trading department in each

province compile data in similar format for thepestive provinces. The data is then combined

and are used in the financial results of Eskomthetfinancial results published by Eskom do

not show the Provincial financial statements. Asdesthe data in Table 2-2 had to be done via

the department in Eskom that produces these values.

Table 2-2 KZN Energy Transaction for the financigiear 2011-2012

2011_12 Apr May Jun Aug Sep Oct Nov Dec Jan Feb Mar YTD

Purchases ER (GWh) 3576 3768 3671 3785 3722 3500 3672 3581 3591 3655 3389 3410 43321
Generation Tongaat Hullett (GWh) 18.62 16.71 18.14] 18.44 19.10] 16.95 16.44] 21.20 22.95] 22.55 18.51 20.25 230
Total Purchases (GWh) 3594 3785 3689 3804 3741 3517 3689 3602 3614 3677 3408 3430 43551
Sales ER (GWh) 1808 1880 1800 1915 1886 1801 1894 1834 1804 1862 1855 1904 22243]
Sales ER (GWh) Adjusted 1808 1880 1800 1915 1886 1801 1894 1834 1804 1862 1855 1904 22243]
Sales KSACS 1590 1625 1628 1581 1558 1497 1572 1538 1615 1602 1373 1307 18487
Sales KSACS Adjusted 1590 1625 1628 1581 1558 1497 1572 1538 1615 1602 1373 1307 18487
Total Sales 3397 3504 3428 3496 3445 3298 3466 3371 3419 3464 3228 3211 40729
Net Exp/Imp (GWh) 55 -86 -84 91 -76 -75 -62 -72 -43 -41 -39 -56 -778
International Imports Mozambique (GWh 0.72 0.82 0.85 0.80] 0.88 0.85] 0.78 0.81 1.03 1.05 0.43 0.88 10
Net Purchases (Exp/imp) 3540 3700 3605 3714 3666 3442 3628 3531 3572 3638 3370 3376 42783
Total losses 143 196 177 218 222 144 162 160 153 174 141 165 2053
Losses as % 4.04% 5.30% 4.91% 5.87% 6.04% 4.19% 4.46% 4.53% 4.27% 4.77% 4.20% 4.89% 4.80%

Purchases excl 275kV cust

Total Energy Purchased 3540 3700 3605 3714 3666 3442 3628 3531 3572 3638 3370 3376 42783
Durban 275kV Energy 896 936 930 978 966 911 941 925 931 947 953 985 11299
RBM 275kV Energy 243 246 240 243 249 228 236 225 233 242 223 238 2847
Net Distribution Purchases 2402 2518 2435 2493 2451 2304 2450 2381 2408 2449 2194 2152 28637|
Total Sales 2259 2322 2258 2275 2229 2160 2289 2221 2255 2275 2052 1987 26583|
Total Losses 143 196 177 218 222 144 162 160 153 174 141 165 2053
Adjusted losses 5.95% 7.78% 7.271% 8.74% 9.04% 6.26% 6.60% 6.71% 6.34% 7.09% 6.45% 7.66% 7.17%

Table 2-3 KZN Customer Sector Classification

Sales Category Customer class |% Contribution

Key Customers LPU 46%
Re-Distributors LPU 43%
Commercial LPU +SPU 3%
Agricultural LPU +SPU 2%
Industrial LPU +SPU 1%
International Sales LPU +SPU 0%
Mining LPU 1%
Prepayment PPU 2%
Publiclights SPU 0%
Residential SPU 2%
Traction LPU 0%
Internal Sales LPU +SPU 0%
Total Categories 100%
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Table 2-4 KZN Energy Sector Classification

Customer cla: LPU SPL PPL
Total regional Contributio 93% 5% 2%
Contribution without Key Customers 87D 9% 4%

Table 2-5 KZN Meter audit results for 2010-2011

Customer class Total Audited |Total Problem Meters|Faulty Tamper

SPU (2009-2012) 48672 8567 6856 1711

% SPU 100% 18% 14% 4%

PPU (2011-2012) 71547 11504 2836 8668

% PPU 100% 16% 4% 12%

The peak, standard and off-peak rates per timesefperiod referred to above are to be applied

as follows:

To240 ey
Weekdays 2

Saturday

B Peak
[] standard
[ Off-peak

Figure 2-7 Time of use wheel used in South AfricarfEskom supplied customers [29]

The treatment of public holidays will happen addiek: New Year's Day, Good Friday, Family
Day, Christmas Day and the Day of Goodwill aretgdaas Sundays. The rest of the Public

holidays are treated as Saturdays unless it agtizdé on a Sunday [29].
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2.5.1. Non-technical loss derivation

To develop the statistical model for customer spidensity for a general MV network, average
customer sales in addition to the non-technicaddesassociated to each customer class will be

needed. The energy losses in a system can be bupkiero technical and non-technical losses

[5].

It is difficult to separate technical and non-techh losses for MV systems because of the
customer base composition, metering technology eyepl and the socio-economic effects [5].
A model is developed to lump the effect of thesealdes so that the true effect on system
performance with embedded generation is developed.

The total losses of a system (KZN) can be calcdlagry accurately as it is the total purchases
measured at the Transmission Station in-feed pontsis the total registered sales as can be
seen in Table 2-2. The separation of this value tathnical and non-technical sales can be
done in a number of ways using various simulatiankpges. The sales values used in these
calculations are contaminated as the end loadse(han sales information), used in the
simulations do not have the non-technical losselsided resulting in an incorrect non-technical
losses derived value. In this dissertation a bottgnapproach is used based on three years of
field audit data in metered and unmetered instahati.e. the sales in various sales categories
are increased based on their historic profile ofemeelated problems as indicated in Table 2-5

above.

The metering technology employed in the Utility sio¢ not register the hourly consumption

profile of all customers and therefore it is nosgible to reconcile the statistical meter problem
rate in the field to an energy consumption rat@sgma given time period. Customers that are
classified as Large Power Users (LPU’s) have mmageihstallations that are capable of

recording hourly data. LPU’s constitute approxirha®7% of the customer energy sales base
in KZN as can be seen in Table 2-3. The remain8fp 1s the sales for energy used by Small
Power Users (SPU’s) and Pre-paid Power Users (ARId’san be seen in Table 2-4. A time of

use derivation is required in order to successfudly the bottom up method.

All PPU meters are single phase electronic metéishwfail to zero consumption when there is
a problem with the installation in the form of anf@ered meter or a meter that has gone faulty
and not dispensing free energy. The amount of coptian when the energy is free increases
so using a linear scaling model of number of pnoblestallations to energy in the system

would understate the energy lost.
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SPU meters consist of a variety of technologiesratiee failed state could result in an under
read of energy between the levels of 5% to 100%is fheans that the number of meters found
with a problem in the field doesn’t translate diled¢o an equivalent amount of energy lost. A

relationship between these two is needed in ordénd the escalation amount that can be used

for an average load point.

The instantaneous base case losses for a three gistridbution system can be expressed as [7]:

rL(P?+Q})

Loss = ———
3V;2

(2.5)
“where r is the system resistance per unit length, L igdked length of the lineR; andQ are
the real and reactive loads at tiftbus respectively and, the system phase voltaggr].

A generic Time of Use (TOU) energy split is used ffeak, standard and off-peak energy (as
deemed by the Eskom Tariff Structure which is otsdifrom [29].

Distribution Substation 1 Distribution Substation 2 Distribution Substation i
Py P, L
'
I
Lz L]_ L2 L1 Lg <"' L"} Ll
1 1 I
1 1 1
1 1 1
1 1 1
1 1 1
annn L analan, L L, wnin L
<———l- l———> n-1 <———l- -.__> n-1 <———I- _--} n-1

Figure 2-8 Metering diagram depiction for MV systeam

For the Figure 2-8 above, Distribution Substatioto Distribution Substation represents the
medium voltage busbars, which could be 11 kV ok¥2 These busbars are connected to the
sub-transmission system for KZN. P tprBpresents the total energy metered for all tlael lo
points L to L, and the technical losses associated to the digtdbloads Lto L,. The sum of
the energy for P to;Rvould be the total medium voltage distributiondaacluding distribution
technical losses for KZN. The total energy for geset studied in this dissertation for
distribution substations is the sum of all the medlepoints Pto RB. The load points consist of
billed (sales for which the Utility derives an imge as a result of electricity units consumed by
the customers) and unbilled customers. Unbilledocnsrs are where meter points have become
faulty and do no register the actual consumed bégtunits, also known as problem meters, or
where supply is taken illegally and which is comtyaralled non-technical losses. The sum of
the measured energy for P, to B would therefore include the technical losses efufires and

MV/LV transformers as well as the non-technicakksfor the system.
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The total losses @) for the system would be the difference betweentthial measured energy

Pr and billed energy (or sales) for all the load p®fii.).

The dissertation required that the total energyo® split up into the time of use categories as
shown in Figure 2-1 above. In order to achieve $pig, the methodology described below was

used.

Pr = Total energy (kWh) in the system

Pr = Total peak period energy (kWh) in the system

Ps = Total standard period energy (kWh) in the system
Pop = Total off peak period energy (kWh) in the system
Where

Pr=P-+Ps+ Pyp (2.6)
T+ = Total time (hours) in the month

Tp = Total peak time period (hours) in the month

Ts = Total standard time period (hours) in the month
Top = Total off peak time period (hours) in the month
Where

TT = Tp + TS + Top (27)

The total energy sent out in the system is themarseégd into the time of use (TOU) categories

as calculated below. Using the square relationshipsses to load in equation (2.5):

2

P,
Total energy density = (T—T) (2.8)

T

. Pp\?
Total peak energy density = (T_) (2.9)
P
. Ps\*
Total standard energy density = (T_) (2.10)
S
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@)2
Top

(2.11)

Total Loss Ratio = LR Total Peak loss ratio = |[iRTotal Standard loss ratio = kRnd

Total Off Peak loss ratio = Ldg;

LRT = LRP + LRS + LROP (212)
2 2 2
LR = Tp . (PP) Ts . (Ps) n Top . (Pop) (2.13)
T — —_ - e e e .
PT TP PT TS PT TOP
P2 P2 P2
S oP
= + (2.14)
PTTP PTTS PTTOP
2
Pp
LRp = (2.15)
PrT,
TP
2
LR, = =% (2.16)
ST PpT. '
TS
PZ
OP
TiOP
Table 2-3 Customer classification breakdown into-tidental demand
Year 2011-2012
Customer Total No. of kWh/Account|No. Accounts |DayKWhawy [Load KW Per
Classification [Catergory Consumption |Accounts / day Feeders |/Feeder [feeder Factor Demand (kWClassification
LPU Agricultural 324,621,890 3,758.50 118.32 909 4.13 978 0.15 136
LPU Commercial 1,127,220,947 10,544 293 909 11.60 3,397 0.20 708 1,213
LPU Industrial 588,322,074 406 3,970 909 0.45 1,773 0.20 369
SPU Residential 783,386,394 62,145 35 909 68.37 2,361 0.20 492 628
SPU Agricultural 324,621,890 3,759 118 909 4 978 0.15 136
PPU Prepayment 825,973,117 680,786 3 909 748.94 2,489 0.25 415 415
Total 3,974,146,312 761,398 909 2,256

The table 2-3 above was derived using the Eskontighgdl energy values [29]. These values

however, represent the amount of energy that wewogh the system in the form of billed

energy, or sales. The system has also energy tatt through the system as a result of non-

technical losses. The equations 2.15 to 2.17 abamenow be used together with the process

methodology below to derive the demand on the sy$teinclude non-technical lost energy.

The simulation requires a single time interval ealvhich is the demand measured in KW over

a 30 minute period. To convert the TOU peak vaggpigtion 2.8) to a demand value to be used
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for the simulation, it has to be divided by the fn@mof hours in the month and by a correction
factor X. The correction factor is an empiricalualbased on the ratio of the daily peaks for a
typical profile for the customer consumption. Treue of X in the simulation starts with 0.6
for PPU and 0.8 for SPU.

For this method to work, a closed system, with seunetered energy (purchased energy), sales
energy and enough field work assessing the amduwriroetered points, must be available. The
system chosen for this dissertation was the Edendadmbali system. The input values used
can be found in Appendix A. Although the total niambf customers in this system represents
about 6% of the total customer base in KZN, it usethis dissertation as a reflection of the
consumption profile of the entire medium voltagepy system in KZN. The basis for this is
that the percentage of field meter audit statisticBcates that the unmetered or problematic
meter points, where no sales or partial sales (inetary value) are recovered by the Utility, for
the Edendale — Imbali sub-system is worse thandhtie rest of KZN. The result of the field
audit of the meter condition and performance fumzlity can be seen in Appendix B. The
intention of this dissertation is to reflect thergtocase energy recovery scenario, by the Utility,
and if the results from Edendale-Imabli are usedtlie calculation of the average energy in

medium voltage systems, then this would represenirat case scenario.

A more detailed analysis would increase the nurbslystems being simulated until a level of
convergence has been reached, in terms of litdegd in the values for more systems being
added. The increased number of systems would iser¢he customer base used in the
simulations and more accurately reflect the unreeter problematic metered points, where no
sales or partial sales are recovered by the Upktymonth.

The basis for the simulation process below isitttae LPU, SPU and PPU average sold energy
is known then this can be escalated by the numblenawn problems found (as a start value).

Then energy value is then converted to a demangevdlhe LPU co-incidental peak can be

calculated from the billing information availabl&@he SPU value then can be calculated after a
number of iterations. The simulation model will @dhte the technical losses for system

parameters being used and then the non-technissédocan be derived from the difference

between the total losses and technical lossesldfiscafactors for the demand per customer

category, for metered sold energy can be thenmddaio reflect a system where all energy per
customer category can be accounted for.

The process below in Figure 2-9 is then used tbreae the demand value based on the effect

of field fixes in the SPU environment to the actdemand:
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Average PPU sales Increase to the total average salds

is obtained by
=> per PPU customer
escalating sales by

field ratio of g
problems found
Multiply equation (3.6) by the

total PPU sales as calculated
above and the correction factor

J

Determine the system co-
incidental demand and difference

0 of system with the PPU peak and
LPU peak will leave the SPU peak

and technical losses

J

Reduce the remainder from abovg
by 15% (approximation)

b Run DigSilent PowerFactory

Simulation with reduced peak
until the new total peak matches
the actual system peak

4

Ratio of peak SPU value to the equ
(2.15) divided by peak hours and
multiplied by correlation correction
factor = actual SPU increase factor o
be used

Figure 2-9 Process flow for determining the ratid peak value to peak TOU value and effect of figlddit

value
2.5.2. Load point composition
This dissertation will only focus the study on lsahd generators that are connected on an MV

Distribution Feeder at 22 kV. In Eskom customer separated in the accounting or billing

system according to customer usage and type. Tlyecostomer categories that are supplied
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from medium voltage is Agricultural, Commercialdurstrial, Residential and Prepayment. The
other customer categories that are supplied diréiin the HV system and are excluded from

this study.
Based on the sales per month per category an av&k&h consumption per feeder (number of
feeders in KZN) is calculated. Using the equationsection 2.1.1 results in values in the table

below:

Table 2-4 Energy per point and co-incidental demaper customer category

LPU demand[SPU demand [PPU demand [Total

TOU Catergory (kWh/Month)avg/(total feeder{(KW) (KW) (KW) Demand

Peak 22kV 281,703 1,213 628 415 2,256
Peak 22kV (Loss adj) 319,596 1,300 757 503 2,559
Std 22kV 275,956 500 259 171 930
Std 22kV (Loss adj) 293,988 808 467 376 1,651
Off-Peak | 22kV 44,619 201 104 69 374
Off-Peak | 22kV (Loss adj) 61,002 325 188 151 664

The loss adjusted value would be based on the mge per category calculated in the

algorithm in in the process flow details above.

2.6. Electrical system

There are two distribution voltages that are use&dkom which is 22 kV and 11 kV and 90%
of this is done via overhead line.11 kV is predaatefy used in formal towns and 22 kV is used
more for in the rural areas. Currently all new amjrade networks in KZN are built and

insulated for 22 kV specifications so there is epasation in the year end Eskom financial
statements to differentiate the length of condudtorthe two voltage types. Many 11 kV

networks have been upgraded to 22 kV in order toease network reach and differ capital
spend on building additional substations to caberléad growth. There is also an increasing
need for standardisation of substation transforsizas and types. Interconnectivity of networks
is required and was one of the key focus areasskoiia used to improve the time for the
measured system average interruption duration irfdéxch from the year end performance
results is at 47.5 hours [3]). 22 kV offers momxibility with regard to shifting loads between

networks due to the higher load carrying capaating at 22 kV compared to and equivalent

conductor that is energised at 11 kV.
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Table 2-5 Average feeder length [3]

No. of MV feeders in KZN Total MV system (km) Arage length of MV feeder (km)
909 29270 32

The table above indicates the total distributedvogt at 11 kV and 22 kV. There is no
information available for the separation for themdth into the category for 11 kV or 22 kV
specifically. Based on this, the dissertation wilver two length scenarios of 22 kV of total
network length 20 km and 40 km. This will servetls length boundary condition and will
provide enough information on the network perforogver a wide range from the average
length such that conclusions on the performanadisthnces between the boundary parameters

can be extrapolated.

The general electrical network framework to be usedanalysis is a 22 kV network with five
load points whose composition will be of that ddssd in section 3.1.2. Five generation points
will be used in the study and they will be locat#dthe load points. The load points and
generation points are used at the same point tesept the generator supplying an average
load point i.e. the generator is located in the-podt in the average load density around it. The

five points were chosen to get a sufficient sprafggbints along the average feeder length.

The load at each of the points will tested for ¢heenditions, which are:

e 0.12 MVA (unity power factor) per load point whith 0.6 MVA total load excluding
technical losses. This represents the off-peak k@ehario to be tested against the
various generator combinations.

* 0.5 MVA (unity power factor) per load point which 2.5 MVA total load excluding
technical losses. This represents the peak loadimgrcapacity of the system as
indicated in Table 2-4

« 1 MVA (unity power factor) per load point which & MVA total load excluding
technical line losses. This represents the capautgase in the system as a result of all
generators being in service at the same time he.generators have created enough
capacity to double the load demand without changh®y net load supplied in the
system. The robustness of the extra capacity deatethe system will then be tested

against the various generator availability combores.

The maximum size of the generator is kept at theimmam peak load capacity per load point
i.e. 0.5 MW and overall net generation capacitytensystem is to be obtained by changing the
load size. Figure 2-4 below indicates the simatatinodel used and represents the electrical

network framework.
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No MV/LV transformers are simulated because tlme ©f generation requires the meters
installed for energy measurement of the output pamte the grid, be done at MV. This is as
per the Eskom planning guideline for connectioremibedded generation [21]. The voltage of
the synchronous generator units used in the simalatas at 11 kV and 22 kV depending on

the study being performed.

An actual distribution system would definitely har@any MV/LV transformers connected as
well as LV networks. This equipment would contribuid technical losses to the system. The
model used in this dissertation takes account f Ity using the practical system for loss
calibration as described in section 2.5.1 which ihanclude the technical losses of the MV/LV

transformers and LV networks.

For the peak load simulation, a value of 100% (22 Was used as the busbar voltage and this
was assumed to be an infinite busbar. A voltagegmtage value of 103% (22.66 kV) was used
as the off-peak voltage to take into account thetesy voltage rise. Fault level changes as a
result of the generation switched into operationhie system, beyond the study bus, were not
taken into account. The equipment employed in ttityJvaries a great deal and this would be

out of the scope range of analysis required indigsertation. As long as the fault levels were
within the withstand capability of the distributi@ystem, the cost implications on upstream

equipment were ignored in this study.

The conductors that would be used is Fox and Haductor [30]. These are typical
conductors that are used for Eskoms Distributistesy.

L
o :
L5 L4 L3 L2
L1
A A A A A
Slack Busbar
X X X X X
<------- -2 > SREEEEEEEE >€----mmm-- 2 > €--mmmm- -1 >€---------1 >
/ / / / /
S5 S4 S3 S2 S1
©
G5 G4 G3 G2 Gl

Figure 2-4 General System to be used for simulatioodel
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G1 .. G5 are the directly connected synchronousmggors to be used in the system. The reason
for using synchronous generators is to becausestidy is evaluating the cost impact of
generator switching configurations on cost recovéwailability of generation due to fuel or
resource limitation would not be a factor for symetous generators as it would be for other
technologies. The use of alternative technologieslevrequire that the study take into account
the limitations and variable nature of the renewalslnon-renewable resource availability.

L1 ... L5 are the loads to be used in the system

S1 ... S5 are the switches which is used to switetgmerators in or out

x1 ... X2 are the fixed distances between the coiorepbints

L is the length of the system in km

The electrical parameters of the conductor of lergis will be simulated for two different
types:

Resulting Values Unit Fox Hare

Rate Current KA 0.151 0.268
Pos Seq Impedance, Z1 Ohm 7.578268| 4.039422
Pos Seq Impedance, Angle |deg 24.64418| 50.0535

Pos Seq Resistance, R1 Ohm 6.888 2.5936
Pos Seq Reactance, X1 Ohm 3.16 3.0968
Zero Seq Resistance, RO [Ohm 8.08 3.7728
Zero Seq Reactance, X0 Ohm 13.28 14.656

Table 2-6 Line Electrical parameters

The Generator specifications is shown in Tableli&lpw

Table 2-7 Generator Electrical parameters

Results Control Value
Mode of local control Power Factor
Apparent Power 2. 74TMVA
Power Factor 0.96
Active Power rating - Max 2.375 MW
Operation limit - Min oMW
Operation limit - Max 2.375 MW
Synchronous Reactance - xd 2 p.u.
Synchronous Reactance - xq 2 p.u.
Transient Reactance - xd' 0.3 p.u.
Transient Reactance - xq' 0.3 p.u.
Subtransient Reactance - xd" 0.2 p.u.
Subtransient Reactance - xq" 0.2 p.u.
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Cost model parameters

To convert the customer categories into tariffsl@ &8 and Table 2-9 below was used.

Table 2-8 Conversion factors for customer categtoytariff

Tariff Ratio for Rural Feeders
LPU Tariffs Miniflex Nightsave Rural Flex Total
LPU Tariffs Ratio 35% 35% 30% 100%
SPU Tariffs Business Rate HomePower
SPU Tariffs Ratio 40% 60% 100%
PPU Tariff Blocks Homelight Block1 Homelight Block2 Homelight Block3Homelight Block4
PPU Block Ratio 40% 35% 15% 10% 100%
Table 2-9: Energy Split ratios
Energy Split per Customer Category
Total 3,974,146,312 100%
LPU 2,040,164,911 51.34%
SPU 1,108,008,284 27.9%
PPU 825,973,117 21%
Table 2-10 Retail Rates Used (red is for peak Win#onths)
MONTH
Tariff Unit Charge Apr May Sep Oct Nov Dec Jan Feb Mar
c/kWh _[Peak 70.82 70.82 229.12 229.12 229.12 70.82 70.82 70.82 70.82 70.82 70.82 70.82
c/kwh [std 47 47 66.55 66.55 66.55 47 47 47 47 47 47 47
% [c/kwh |Off-Peak 26.19 26.19 30.44 30.44 30.44 26.19 26.19 26.19 26.19 26.19 26.19 26.19
E  [RIKVA/m [Demand 16.28 16.28 16.28 16.28 16.28 16.28 16.28 16.28 16.28 16.28 16.28 16.28
S [c/kWh  [Elec&Rural Lewy 457 457 457 457 457 457 457 457 457 457 457 457
c/kWh__ [Enviro Lewy' 2 2 2 35 35 35 35 35 35 3.5 35 35
Rands __ [Ser & Admin 231435 | 23914.95 | 231435 | 23914.95 | 23914.95 | 231435 | 23914.95 | 231435 | 23914.95 | 23914.95 | 231435 | 23914.95
o [c/kWh [Energy 32.37 32.37 49.42 49.42 49.42 32.37 32.37 32.37 32.37 32.37 32.37 32.37
8 [RIKVA/m [Demand 117.4 117.4 193.6 193.6 193.6 117.4 117.4 117.4 117.4 117.4 117.4 117.4
£ [RIKVAIm [NAC 8.24 8.24 8.24 8.24 8.24 8.24 8.24 8.24 8.24 8.24 8.24 8.24
Z |Rands  [Ser & Admin 231435 | 23914.95 | 231435 | 23914.95 | 23914.95 | 231435 | 23914.95 | 231435 | 23914.95 | 23914.95 | 231435 | 23914.95
c/kwWh  [Peak 90.72 90.72 329,55 329,55 329.55 90.72 90.72 90.72 90.72 90.72 90.72 90.72
c/kwh [std 54.91 54.91 84.4 84.4 84.4 54.91 54.91 54.91 54.91 54.91 54.91 54.91
& [c/kwh |Off-Peak 37.93 37.93 4437 44.37 44.37 37.93 37.93 37.93 37.93 37.93 37.93 37.93
“g R/KVA/m [Demand 11.52 11.52 1152 11.52 11.52 11.52 11.52 11.52 11.52 11.52 11.52 11.52
& [c/kwh  [Enviro Lewy 2 2 2 35 35 35 35 35 35 35 35 35
»  |c/kWh [Energy 73.05 73.05 73.05 73.05 73.05 73.05 73.05 73.05 73.05 73.05 73.05 73.05
@ [c/kwh  |Envro Lewy 2 2 2 35 35 35 35 35 3.5 35 35 35
§ R/pod/d_[Senice 20448 20448 20448 20448 20448 20448 20448 20448 20448 20448 20448 20448
@ [R/pod/d _[Network 69210 69210 69210 69210 69210 69210 69210 69210 69210 69210 69210 69210
5 c/kWh _|Blockl 60.83 60.83 60.83 60.83 60.83 60.83 60.83 60.83 60.83 60.83 60.83 60.83
H c/kWh _|Block2 75.09 75.09 75.09 75.09 75.09 75.09 75.09 75.09 75.09 75.09 75.09 75.09
[ 2 [ckwh [Block3 111418 111418 | 111418 111418 | 111418 | 111418 111.418 111.418 111.418 111418 | 111418 | 111418
£ 2 Z[c/kWh__ [Block4 122.206 122.206 | 122.206 122.206 | 122206 | 122.206 122.206 122.206 122.206 122.206 | 122206 | 122.206
2 & S[c/kwh__|Envro Leyy 2 2 2 35 35 35 35 35 3.5 35 35 35
Table 2-11 SMP Rates Used in R/MWh
MONTHS
§ Apr May Sep Oct Nov Dec Jan Feb Mar
§ 609.63 609.63 | 2,257.35 | 2,257.35 | 2,257.35 609.63 609.63 609.63 609.63 609.63 609.63 609.63
s 362.35| 362.35| 565.56| 565.56| 565.56| 362.35| 362.35| 362.35| 362.35| 362.35| 362.35| 362.35
n 244.83 244.83 288.90 288.90 288.90 244.83 244.83 244.83 244.83 244.83 244.83 244.83




32

Each tariff has different rates and charges as®atia it. In order to get the reflective costg th
energy value per customer category in Table 2-9tbdse multiplied by the ratios shown in
Table 2-8. The ratios in Table 2-8 is obtained frdata provided by Eskom’s Energy Trading
Department in Kwazulu Natal. Kwazulu Natal is origh® nine provinces in South Africa and
Eskoms Energy Trading department in each provireepde data in similar format for the
respective provinces. The ratios are the averagwomer split for the province and this can
successfully be used to determine what the tysipht would be per network. The charges and

energy rates in Table 2-10 is obtained from theoEsgublished tariffs [29].

The SPM rate in Table 2-11 is the rate at whichpilvehase of generation will take place [29].
The rate at which any new generator will get pailll e at the SMP rate. These are standard
rates and will be used to calculate the income tteautility can make for the system based on
Table 2-10 and the cost to the utility for havidge tEG as per Table 2-11. The difference
between the two values would give the net incona the utility can make from the system

taking into account the EG.

2.8. Model of power system component

» The distribution bus is modelled as an infinite .blise reason for modelling this as an
infinite bus is that the revenue calculation congmars are based on changing system
impendences beyond the distribution bus. Successfuparison of the system changes
for an MV calculation beyond the distribution busuld require that the Thevenin
impedance as seen from the distribution bus, behrnsuwaller than the impedances of
the system connected to the distribution bus. Sstokrelative comparison of different
EG operation modes can thus be made. If the stndyded evaluating the inertia
limitations of the distribution bus then referercenparison on the MV system would
not be possible without considering the HV effetttsvill have to be assumed that the
intention of a Utility is not to create HV systenmitations. Consequently, the
magnitude and angle of the voltage at the distidbubus can be assumed to be
constant. With the distribution bus used as amitgibus, various comparisons can be
made regarding the impedances changes to the Memyas a result of EG operation
permutations on the MV system.

* The electrical network is modelled for four conaiits :

0 Fox conductor with 4 km between nodes

o0 Fox conductor with 8 km between nodes
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0 Hare conductor with 4 km between nodes
0 Hare conductor with 8 km between nodes
* The load is modelled as a combination of constawtep, constant impedance and
constant current. The largest component of constantent load comes from the
residential customer category as well as the nonrieal losses. This is important for
the study because with increased nodal voltagesdhetechnical loss, load, increases
and results in greater financial loss on the systenorder to determine the change
caused, a comparison is made between residentidk Imodelled as 50% constant
current loads versus the effect of the same amoiultiad modelled as constant power
loads.
 The EG is modelled as a PQ generator because rypriné not controlled but the

system operators. The EG is required to have @ivelastable performance.
2.9. Impact of EG on system losses

If the generation and loads are known in systepgveer flow calculation will provide all the
voltages at all the buses in this system. Oncedhiages are known, calculation of the flows in

all the buses can be done.

S¢i = Pgi + Qi (2.18)

In equation 2.18, §is the complex power supplied by the EG at thieus which is equal to
Psi, the active power injection, andzQthe reactive power injection. From this expressin
expression for the current in terms of the injegbedver and the voltage can be done. The

output current from the EG is then shown as eqo&i®9 below [7]:

. (Pgi —JjQqi)
G 3Vp

(2.19)
The effect on line losses as a result of havinmgle EG in the system can be broken up into
the sum of two parts [30]:

1. Line losses from the source to the location ofEfe

2. Line losses from the EG location to the locatiooaid
With the EG exporting current into the grid, teeder currents will be the difference of load
currentl_ and EG output currer. Therefore the total line losses with a single &GX”

distance from the source can be expressed usi{®®agas [30]:
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R

Ir = 57 PP +QF + (P2 + Q3 — 2PiPs; — 20:061) (7)] (2:20)
14

L

“where, R = rL; total resistance of the line. Thetantaneous loss savings (LS) at any point
“b” on a feeder is the difference between lossehout EG and losses with the EG and can be
represented d930]:

LS = Lossy — Lossy (2.21)
hence [30],
Rx ) )
LS = a7 [(=Péi = Qi + 2PiPei + 2Qi Q1) (222)
p

If LS is positive then this indicates that the systloss reduces with the introduction of the EG
into the system and if LS is negative then the B@ses higher system losses in the system [13].
For multiple loads, the most amount of loss saviwgk occur when the EG is equal to the
average load and is physically located at the pioomh the source where the length weighted

load point, is located. This is subject to [31]:
ymin <y, < pmex (2.23)
where:

ymin andv™ define the voltage limits for the system

2.10 Algorithm for calculating the changes to system wh EG

The simulation tool that is used is DIgSILENT’s Rawactory simulation software [32]. The
software is used to in the modelling of generaioml distribution grids and the analysis of
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these grids’ interactions. The aim of the simulatiwould be to find the impact that various
locations of EG’s have on two different system iofgreces. This algorithm is used to determine
the maximum carrying capacity and not the optinisabf the system hence the parameters
that will be used, are subject to (2.23) and thendary conditions are as follows:

*  Number of load points: 5

» Start point for load is at the combined customergy co-incidental point (peak)

* Maximum end point for load is at 2 times the cargycapacity at Peak

* Minimum end point for load is at 0.2 times the garg capacity at off-peak

* The calculations will be done in descending ordemection i.e. the nearest point from

the source will be used as per the matrix sequieelcsv:

Column - C

B BHEEHEE

Row - R

RPINW]|A~ O

Figure 2-9 Switch selection matrix: Cell indicatébe switch status to be used where the grey shaudid are
duplicate combinations and not used in the algomith

Cl-1 Cl-2 Cl1-3 Cl-4
R1-1 | Fox 4km 100% load  Fox 8km 100% loafl ~ Hare 4km 10046 | Hare 8km 100% load
R1 - 2 | Fox 4km 200% load Fox 4km 200% loag Hare 4km 20686 | Hare 8km 200% load
R1 - 3| Fox 4km 20% load Fox 8km 20% load Hare 4km 20% lopd Hare 8km 20% load

Figure 2-10 Input_data_matrix: Each cell containdié data set to be used for the system.

Input_data_matrix is an array that contains tha garameters for the system, for the conditions

of:

. Changing conductor parameters

. Changing distances between generator and loagsnod
. Changing load as percentage of peak load

. Changing the source voltages
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Main ()

StartatCl=1

StartatR1=1

Do while R1 <'!

Do while C1 <.

&

Uploaddata fromC1
& R1 reference addres
into simulation model

Call Calc_Matrix
subroutini
Cl=Cl+
Loop
> < '
R1 =R1 +
| Loop |
1
_| End Main ( |
Figure 2-11 Main subroutine: Varying the system maneters
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StartatC =5

StartatR=5

Switch_1=0

Output_Matrix = 1

Switch_ 2=0

Calc_Matrix subroutine ()

A 4

Do while C > 0 AND
R is within fixed

defined array

A4

Do while R >0 AND R
is within Fix Array

_<H

fR=C

Loop

End
Calc_Matrix ()

A

—

Open all Switches

Switch_1 =R

Close C Switc

Switch 2 =C

Call Solver

Close Switch_1 &
Switch_2

Call Solver

Store data it
Output_Matrix as per
start address

Store data in
Output_Matrix as per
start address

Increment
Output_Matrix

Else

Increment
Output_Matrix

R=R-1

Loop

End If

Figure 2-12 Calculation matrix subroutine: Calcul&tfor all permutation of EG operation
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2.11 Capital recovery cost methodology

Energy economics is itself a highly specialized ataborate field with a very large body of
knowledge in support, and a full treatment of fiesd is beyond the scope of this dissertation.
This dissertation covers aspects related to thal tefvcapital investment that can be made based

on the economics of the energy system in the stadg.

There are two important functions of economicsdasidered in this dissertation. The first is
project specific, i.e. the system is scrutinized dost-effectiveness based on recovery at the
SMP. Any project that is economically driven sholle able to recover its capital and an
acceptable margin of profit with an acceptable ps&file. The market will determine if the
technology being invested in goes against the teng social benefits i.e. excessive investment
in overly expensive energy projects through Govemmial subsidies will lead to higher energy
costs for the public, but so will underinvestmantaind neglect of the existing stock of energy

infrastructure. The margins to which this can bealwill be analysed.

The input fields into the study will be as folloy&3]:

* Term of the project: This will be expressed as khar of years

» Initial cost: This is a onetime expense incurreahe first compounding period. The
constructability of all projects on the medium waglé network will have to be done
within one financial year.

* Annuity: An annual increment of cash flow relatedatproject; which in this case is for
the lifetime of the project. Annuities can eithoer positive (e.g., annual revenues from
the sales of energy from a project) or negativey.(eannual expenditure on
maintenance). In this dissertation these valuelsbsishown separately and the analysis
will show the costs based on sensitivity valuese Thecific values per technology are

not considered as part of this dissertation.

In this dissertation discounting of cash flow asa@ywill be used and it starts with the premise
that the value of money is declining over time #émat therefore values in the future should be
discounted relative to the present. Two terms pleatain in particular to discounted cash flow
is:

» Interest rate: This is the percentage return omeestment, or percentage charged on a
sum of money borrowed at the beginning of a timezoa. In this study the interest is
compounded at the end of each year, that is, thiteofirl year is referred to as the
“compounding period”[33]. The interest rate will be the current REPO raté%f



39

e Minimum attractive rate of return (MARR): This ieeg minimum huddle rate at for

which investors and bankers will invest into a podj[33].

As a basis for calculating the time value of moreyelationship between the present, annual
and future values of elements in cash flow analissiseeded. Given the interest ratetime
horizon ofN years, and a present valBeof an amount, the future value of that amokris
given by [33]:

F=Pa+i¥ (2.24)

To translate a stream of equal annuities forwardaakward to some fixed point at present or in

the future the equivalent present vaRiis [33]:

P 1+DV -1 595
i@+ N (2.25)

Given the same annuity stream and time horizonfutuge value F of the annuity at the end of

the Nth year is [33]:

1+ -1
:A%

F (2.26)

In order to discount a set of non-uniform annuiteeds equivalent present worth value PW by

treating each annuity as a single payment to lmodiged from the future to the present [24]:

PW = i An 2.27
LA+ 0N 2.27)
n=1
HereA, is the value of the annuity predicted in each yefiom 1 to N [33].

The levelized cost per unit of energy output is omethod that can be used as a measure to

compare the cost effect across energy technol§@@s



40

] Total annual cost ]
Levelised cost = (inunits of R/kW) (2.28)
annual output

Where [33]:
Total annual cost = annualised capital cost + dpgraost + return on investment (ROI)
This study also takes into account the externaéfitsnin the form of direct cost support in the

form of subsidies. These subsidy values are knowsmf the existing Government

determinations on the renewable feed in tariffs.

3. RESULTS AND DISCUSSION OF RESULTS
3.1. Load flow analysis results

The structure of points of the analysis will ocesrper the Table 3-1 below:

Table 3-1: System status of Generators

Condition

number Status of Gens on
1 No Gen on

2 Genl

3 Gen2

4 Gen3

5 Gen4

6 Gen5

7 Genl&2

8 Gen2&3

9 Gen3&4

10 Gen4&5

11 Genl&3

12 Gen28&4

13 Gen3&5

14 Genl&2&3

15 Genl&2&3&4
16 Genl&2&38&48&5

The load flow studies were conducted to evaluate rtetwork performance of a one year
timespan with the impact of EG assessed for:
* Losses

» Voltage constraints i.e. voltage rise by 5% or dase by 5%
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« Effect on different load models taking into accothdt non-technical losses are made
up of mostly constant current type loads.

\ /
3000 \\ A >
2000 1\ /\ /# B
1000 @ é E/\; éz B

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Condition number related to EG status

Fox 4 km/pt 100% Load

10 000
£ 9000
2 8000 /
£ 7000 /
€ 6000 BB'S
2 so00 / Ii BB4
g 4000
S
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&

Figure 3-1 Energy Losses profile per busbar for théferent generation scenarios — Fox conductor

Fox 4 km/pt 100% load at Peak
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Figure 3-2 Voltage profile per busbar for the diffent generation scenarios — Fox conductor
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Hare 4 km/pt 100% load
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Figure 3-3 Energy Losses profile per busbar for théferent generation scenarios — Hare Conductor
Hare 4 km/pt 100% load at Peak
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Figure 3-4 Voltage profile per busbar for the diffent generation scenarios — Hare Conductor
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Fox 8 km/pt 100% load
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Figure 3-5 Energy Losses profile per busbar for théferent generation scenarios — Fox Conductor
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Figure 3-6 Voltage profile per busbar for the diffent generation scenarios — Fox Conductor
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Energy Losses per month - kWh
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Condition number relating to the EG status
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Figure 3-7 Energy Losses profile per busbar for tdéferent generation scenarios — Hare Conductor
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Figure 3-8 Voltage profile per busbar for the diffent generation scenarios — Hare Conductor
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Fox 4 km/pt 200% load at Peak
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Figure 3-9 Energy Losses profile per busbar foretldifferent generation scenarios — Fox Conductor
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Figure 3-10 Voltage profile per busbar for the déffent generation scenarios — Fox Conductor



46

9 000
8 000
7 000
6 000
5000
4 000
3 000
2 000

Energy losses per month - kWh

1000

Hare 4 km/pt 200% Load at Peak

1

2

3 4 5 6 7 8 9 10 11 12 13 14 15 16
Condition number related to the EG status

= BB5
= BB4
= BB3
—BB2
e BB1

Figure 3-11 Energy Losses profile per busbar foetdifferent generation scenarios — Hare Conductor

1.02
1.01
1.00
0.99
0.98
0.97
0.96

PU Voltage

0.95
0.94
0.93
0.92

Hare 4 km/pt 200% load at Peak

4

/

BB5

BB4

/AN NN
/ AV

BB3

1

2

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Condition number related to the EG status

BB2
=—BB1

Figure 3-12 Energy Losses profile per busbar foetdifferent generation scenarios — Hare Conductor




a7

Fox 8 km/pt 200% Load at Peak Load

80000

70000

60 000 \
\

\\ o
\ -
20000 \\ \ o
10000 \\ \\ —

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Condition number related to the EG status

Energy Losses per month - kWh
w H w1
o o o
o o o
o o o
o o o

Figure 3-13 Energy Losses profile per busbar fortlifferent generation scenarios — Fox Conductor

Fox 8 km/pt 200% load at Peak

1.20

1.00

0.80 -
g l ——BB5
8
S 0.60 BB4
>
> ———BB3

0.40

l
| [ ] —
[ ] —
[

l

1 2 3 4 8 9 10 11 12 13 14 15 16
Condition number related to the EG status

Figure 3-14 Voltage profile per busbar for the déffent generation scenarios — Fox Conductor
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Figure 3-17 Voltage profile per busbar for low loambnditions for different conductor sizes and leigt

3.2 Load flow analysis discussion

The NRS 048 specifies that the deviations fromdiaadard or declared voltages provided to
customers for greater and equal to 500 V will haveompatibility level not exceeding +5%.
Therefore for this dissertation the study limits 9% and 105% was used as the voltage

boundary conditions.

The combination of EG used per study is depictedable 3-1 and indicates that the EG
amount (in MW) was varied from 0% to 100% of thadf the system for both Fox and Hare
conductor and for both 4 km and 8 km between lazdtp. From Figure 3-1 it can be seen that
energy losses on a radial distribution network lithi*U” type pattern. The reason for this type
of pattern is that there is reversal of power flomthe system. The critical point is when the
amount of EG on the system matches the distridogedl For system this occurs when there are
up to three EGs operating in the system. The idgstem balance occurs when there are two
dispersed EGs operating in the system. If the E€domated beyond 80% of the distance from
the source busbar then the losses on the netwdrkd@drease. In a system with no EGs the
losses in the system increase cumulatively fromftinéhest busbar to the source busbar. The
introduction of EGs into the system effectively weds the length of the system by displacing

the load at the point of generator connection.
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The losses in the system will start to increasenathe generation capacity reaches 60% of the
peak load capacity of the system and is locatedit 0% of the network. At this point the

reversal of power flows now means that larger anowf energy are flowing per section

resulting in increasing levels of losses. Figur8 Bidicates that the voltage on the system
improves as the penetration of generators increse.EGs have the effect of displacing the
load on the system and hence the improvement itag®Iperformance. Once the generation
capacity reaches 60% of the peak load capacitigeoystem, the voltage limit is exceeded. The
voltage increases as a result of more power beupplied per point than what the system

requires. The greatest improvement in system veltagcurs for condition 6 (Table 3-1), for a

single generator located at 20% of the network fribra source busbar but the greatest
improvement in energy loss reduction is when theegation to total peak load is 40% and the
location of the generation is beyond 40% the td¢algth from the source busbar. These
improvements are as a result of the reductionad lon the system. When the volume of EG is
less than the total dispersed load in the systeiseffectively simulates changing load patterns
on the system. The effective load that is nowrithisted in the system results in a change in the
energy flow and performance of the system in tesfnsltage and energy losses. When the EG
volume becomes greater than the load per pointpplg, the EGs become sources of power
greater than what the system actually needs pat pod the overall energy flow in the system

increases.

With an improvement in conductor impedance, theraleenergy losses is decreased as
depicted in Figure 3-3 compared to Figure 3-1. Tohnical losses that are now available for
saving with the EG is reduced approximately 50%e Phttern of loss saving and increase of
energy losses as a result of increasing the anaflgeneration to total peak load is the same as
that of Fox conductor. The net energy savingstiergenerator combinations compared to that
without any generators is higher for the higher enfgnce conductor. This is mainly due to
more energy in terms of energy losses that areladlaito be saved in higher impedance
systems. The voltage performance of Hare condusttar superior to that Fox conductor and
that indicates that the EG carrying capacity ishhig with the system being able to be within

voltage limits for all generation permutations.

For Figures 3-5 and 3-6, the system is out of gelteegulation limits without any generators in
service. For this system the “U” shape for enemgsés was not achieved as a result of the
system being outside its voltage regulation limithis system is already in a voltage
constrained situation before the introduction ofsE@®he power flows in the system are not
reversing because the volume of EG is half thahetotal load carrying capacity of the system.

The best voltage limit improvement is achieveddaingle generator that is greater than 80%
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of the overall length of the system but the endogg savings is not as great as other generation
configurations. The highest loss reduction occunsmthe generation capacity is less than 40%
of the peak system load but greater than 20%. &asons for these changes are similar to what

was described for Figure 3-3 above.

For Figures 3-7 and 3-8, the higher impedance, ldaneluctor system experiences regulation
limit problems without any generation. The improwsThin voltage regulation is best when the
generation volume is less than 60% of the peak t@ad/ing capacity. Once it is greater than
60%, the voltage regulation is outside the regoatboundary. The maximum energy loss
reduction happens when the generation capacitgsis than 30% of the peak load. This is the
optimal energy balance of the system and is asutref sufficient load reduction at effective

points in the system.

Figures 3-9 and 3-10 are for a Fox conductor systéima 200% increase in load. The system
is out of voltage regulation limits with no genéoat The minimum requirement to bring the
system within regulation is 20% generation. Thifeetfvely reduced the total load on the
system. The greatest loss savings occur whenalj¢nerators are in service and it also results
in a far greater overall energy loss savings coepan when the system was run at 100% of
peak load. The significance of energy loss savinggomes more material on higher loaded
systems that are currently close to their operatigaltage regulation limits. This system would
also allow for more permutations for generationatamn and volume. The reason for this is
because the overall peak load on the system hasrbdaeced but is still greater than the volume

of generation on the system.

Figures 3-11 and 3-12 indicate that the energyeks$ the system can only be reduced once the
penetration of generation is less than 50% of thal peak load of the system. This was also
confirmed with the previous case and the reasomshar same as what was given above. The
system is successfully able to deal with generatmnme of 50% of peak load and the energy

loss saving is greatest for greater than 30% df pesad carrying capacity.

Figures 3-13, 3-14, 3-15 and 3-16, indicate thatgysstem requires at least 20% generation to
be within voltage regulation limits. This systemshhe overall greatest energy loss savings
once the system is within regulation limits. Thésdirectly as a result of reducing the power

flow in the system as a result of effective disptaent or reduction of load.

Figure 3-17 is the voltage conditions for off-peakditions or low load conditions. None of the

system combinations can successfully handle a wlafrgeneration greater than 60% of the
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peak load carrying condition. For low impedancediarior (Hare), the volume of generation on
the system has to be less than 20% of the peakclraying capacity. The off-peak load value
restricts the number or EGs that can be runnintpeit equivalent capacity during peak load
conditions. Once the volume of EG exceeds the ilodlde system, the power flows reverse and
the voltage of the system will rise. For low loazhditions this happens with very little EG in

the system.

In summary of all the load flow results for theieais systems discussed above, generation that
is further away from the source has a higher effecthe losses. Reversing power flows due to
EG lead to an increase in losses. The total Idssdew levels of EG penetration, decrease, but
with higher penetration of EG, increase the oveladises. At low levels of EG volume
penetration where the voltage regulation limit$hef network are exceeded without the EG, the
penetration of the generation has to be greater3b&o and located at a distance of greater than
20% of the length of the system.

A system is successfully able to be within limitsrass all time periods as long as the
penetration of the EG is located at a distancetgreian 40% of the total length of the network

from the source busbar, and is less than 20% gbe¢hk load carrying capacity of the system.

A system with a high load factor will allow a highpenetration and volume of EG. If the
system does not have a high load factor, operdtitevability of the EG should be used to
allow for maximisation of peak capacity creatioa. ivarying the use of the EG to match the
system load conditions. The financial effect okthipe of operational flexibility will be deal
with in the next section.
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3.3  The effect of different load models
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Figure 3-19: Voltage profile per busbar for differd load point compositions at peak load
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Figure 3-20: Voltage profile per busbar for differe load point compositions at peak load
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200% Load at Peak, 4 km/pt - ZIP model
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Figure 3-21: Voltage profile per busbar for differe load point compositions at 200% peak load
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Figure 3-22 Voltage profile per busbar for differéfoad point compositions at 200% peak load
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Figure 3-23 Voltage profile per busbar for differémoad point compositions at off-peak load

The worst case scenario for normal steady statk flosv calculations is to model the system
using only constant power loads as can be seenFigure 3-19 to Figure 3-21. The higher the
impedance of the conductor (Fox compared to Héne)more pronounced the effect of the type
of load for the study system scenarios further ftbenmain source. This is because the voltage
drop across higher impedance conductors is greater.

It is important to factor into the study the offaiebehaviour of various load types. During off-
peak conditions shown in Figure 3-22, constantenirtype loads have the worst effect. This
off-peak type condition is relevant because thecatfof having EG simulates the off-peak
response of the system i.e. decreasing the loaggnt and improving the voltage. The load
composition in the domestic segment in South Afiscaainly made up of constant current type
loads and a percentage of this load is not recdvbesethe tariffs as the customers are not
connected legally. This means that if they werersstant current load, the effect on the overall
sales losses is less than that if they were matledle constant power loads. This is a
diminishing effect as the loads approach the busbarinal voltage levels.

In order to simulate the revenue effect of theeddht load types as a result of the system
changes caused by the EG, 50% of the domesticisoadelled as constant current load. The
revenue effect between the various time-off-usegmies is tabled below, as seen at the source
busbar, and is calculated based on an averagersysiiéage change between the number of

generators on the system. The location of the gémer is not taken into account as the
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intention is to create an average revenue respdresege for the various busbars as seen at the

source busbar.

Table 3-2: The revenue effect of using 50% constantrent for domestic supplies rather than constgmwer type

loads
Conductor Type (F - Fox, H - Hare), length (4km's or 8km's) and % peak load parameter used for Revenue effect
TOU F4-100% F4-200% F8-100% F8-200% H4-100% H4-200% H8-100% H8-200%
Peak -2% -10% -10% -10% -1% -3% -4% -5%
Std 0% 0 0 0 0% 0% 0% 0%
Off- Peak 2% 2% 5% 2% 1% 1% 5% 3%

The Table 3-2 above, indicated that average revehasge with the EG generators varies
across the system and that the effect is worst whermpedance is highest, either caused by
increasing length or type of conductor. This reweeatfect is applied to all practical cases where
the generation set can successfully fulfil all bdany conditions.
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The sales and cost of sales for the medium voltaggstem

Table 3-3: Eskom sales made on the Distribution ®ystper tariff category applicable to a typical Mystem

Sales (Utility Income) made in the distribution sys ~ tem study case, in Rands per R'1000
MONTH
Tariff Unit Charge Apr May Sep Oct Nov Dec Jan Feb Mar TOTAL

c/kWh Peak 35.8 35.8 116.0 116.0 116.0 35.8 35.8 35.8 35.8 35.8 35.8 35.8 671
c/kWh  |[std 23.3 23.3 33.0 33.0 33.0 23.3 23.3 23.3 23.3 23.3 23.3 23.3 309

% [c/kwh |Off-Peak 13.1 13.1 15.3 15.3 15.3 13.1 13.1 13.1 13.1 13.1 13.1 13.1 164
£ |R/IKVA/m |Demand 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 83
S [c/kwh Elec&Rural Lewy 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 82
c/kWh  |Enviro Lewy 3.0 3.0 3.0 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 56
Rands Ser & Admin 23.1 23.9 23.1 23.9 23.9 23.1 23.9 23.1 23.9 23.9 23.1 23.9 283

o [c/kWh [Energy 48.7 48.7 74.3 74.3 74.3 48.7 48.7 48.7 48.7 48.7 48.7 48.7 661
© |R/IKVA/m [Demand 49.8 49.8 82.2 82.2 82.2 49.8 49.8 49.8 49.8 49.8 49.8 49.8 695
£ [R/KVA/m [NAC 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 35 3.5 42
Z |Rands Ser & Admin 23.1 23.9 23.1 23.9 23.9 23.1 23.9 23.1 23.9 23.9 23.1 23.9 283
c/kWh  |Peak 39.4 39.4 143.0 143.0 143.0 39.4 39.4 39.4 39.4 39.4 39.4 39.4 783
c/kWh Std 23.3 23.3 35.9 35.9 35.9 23.3 23.3 23.3 23.3 23.3 23.3 23.3 318

& [c/kwh [Off-Peak 16.3 16.3 19.1 19.1 19.1 16.3 16.3 16.3 16.3 16.3 16.3 16.3 204
® |RIKVA/m |Demand 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 25
& [c/kwh  |Enviro Lewy 2.6 2.6 2.6 4.5 4.5 45 4.5 4.5 4.5 4.5 4.5 45 48
w»  |S/kKWh Energy 68.1 68.1 68.1 68.1 68.1 68.1 68.1 68.1 68.1 68.1 68.1 68.1 818
B [c/kwh  |Enviro Lewy 1.9 1.9 1.9 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 35
% R/pod/d |Senice 20.4 20.4 20.4 20.4 20.4 20.4 20.4 20.4 20.4 20.4 20.4 20.4 245
@ R/pod/d  |Network 69.2 69.2 69.2 69.2 69.2 69.2 69.2 69.2 69.2 69.2 69.2 69.2 831
5 [c/kwh  [Blockl 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0 409
% c/kWh Block?2 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 36.8 441
Q-  |c/kWh [Block3 23.4 23.4 23.4 23.4 23.4 23.4 23.4 23.4 23.4 23.4 23.4 23.4 281
g c/kWh  [Block4 17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1 205
T |c/kWh [Enviro Lewy 2.8 2.8 2.8 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 52
~ |c/kWh Block1 52.2 52.2 52.2 52.2 52.2 52.2 52.2 52.2 52.2 52.2 52.2 52.2 627
S |[c/kwh  [Block2 45.7 45.7 45.7 45.7 45.7 45.7 45.7 45.7 45.7 45.7 45.7 45.7 548
j c/kWh Block3 29.1 29.1 29.1 29.1 29.1 29.1 29.1 29.1 29.1 29.1 29.1 29.1 349
E [c/kwh [Block4 21.2 21.2 21.2 21.2 21.2 21.2 21.2 21.2 21.2 21.2 21.2 21.2 255
T [c/kwh Enviro Lewy 3.5 3.5 3.5 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 65
Total 680 680 949 959 959 690 690 690 690 690 690 690 9,056
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Table 3-4 Eskom cost of sales for a typical MV syst

The Cost of Sales in R's as a result of no EG and no non-technical losses

Energy Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Total

Peak 123,769 | 137,521 | 534,677 | 534,677 560,138 | 151,274 144,398 151,274 137,521 144,398 137,521 | 151,274 | 2,908,442
Std 80,862 88,275 | 139,884 | 139,884 145,668 90,970 89,622 90,970 88,275 87,264 83,558 93,329 | 1,218,561
Off 89,252 87,421 94,245 | 100,726 96,406 77,809 85,361 77,809 87,421 86,963 74,148 81,700 | 1,039,261
Fixed 11,539 11,539 11,539 11,539 11,539 11,539 11,539 11,539 11,539 11,539 11,539 11,539 138,473
Realiability 15,437 16,130 15,821 16,259 16,387 15,950 16,259 15,950 16,130 16,260 14,818 16,387 191,787
Total 320,860 | 340,887 | 796,166 | 803,085 830,138 | 347,542 347,180 347,542 340,887 346,424 | 321,584 | 354,228 | 5,496,524

The Cost of Sales in R's as a result of no EG but with non-technical losses

Peak 140,418 | 156,020 | 606,600 | 606,600 635,486 | 171,622 163,821 171,622 156,020 163,821 156,020 | 171,622 | 3,299,675
Std 114,861 | 125,390 | 198,699 | 198,699 206,916 | 129,219 127,305 129,219 125,390 123,955 118,690 [ 132,569 | 1,730,913
Off 126,778 | 124,178 | 133,871 | 143,077 136,940 | 110,525 121,252 110,525 124,178 123,528 105,323 | 116,051 | 1,476,225
Fixed 13,092 13,092 13,092 13,092 13,092 13,092 13,092 13,092 13,092 13,092 13,092 13,092 157,099
Realiability 20,794 21,653 21,151 21,773 21,892 21,271 21,773 21,271 21,653 21,774 19,789 21,892 256,685
Total 415,944 | 440,333 | 973,412 | 983,241 | 1,014,324 445,728 447,243 445,728 440,333 446,169 412,915 | 455,226 6,920,597
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Figure 3-23 Gross Contribution in Percentage

The cost of sales as per the categories for a dypV system indicates that the gross
contribution percentage (sales — cost of salesles)san winter with non-technical losses
included is negative. There is a 16% change insgcostribution percentage as a result of non-
technical losses. The technical loss as a resutiooftechnical sales is also factored into the
calculations. The rate of recovery has to be 24#yepar to recover capital costs and increasing
operations costs. The capital recovery rate isagest for the whole of Eskom and Electricity
Sales from Distribution is the primary income faskBm. The average rate of the wholesale
cost is 51 c/kWh and the retail rate it is 61 c/kWhe fuel cost in Eskom is 31 c¢/kWh which

means that at least 70% (fuel and margin betwedeil amd wholesale), of the cost is needed for
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operations and the 30% used for capital investrfeeniew build. It is noted that the poor load
factor and intensity of electricity use for MV sligd customers is not that of the high end
Industrial customers. If the penetration of EG'dinisited to 20% in MV systems as from the
load flow analysis, this means that there is or®% decrease in capital required for new build
and strengthening in order to cater for the in@aaselectricity sales, which is currently at 3%
per year for Eskom. This directly implies that Beoss Contribution cannot be changed by
more than 20% before functionally affecting thetaumable rate of recovery per year i.e. the
Gross Contribution cannot drop to less than 19%reethe tariffs need to be increased beyond
that of the current increases projected by Eskdms Boundary condition will exist due to the
difference between the rate of increase of salesdd versus the capacity that is created in the
system by EG’s.

If the rate of capacity creation in an MV systenhigher than the rate of sales growth then the
cost of paying the EG’s will be higher than theuiegments by Eskom for capital for new build

and operations requirements.

In order to sustainably increase the volume of E§B'she network the non-technical loss has to
be converted to sales. If 50% of the non-techrims$ can be converted to sales the margin
available to without affecting the revenue requieets of Eskom is then changed to a gross
contribution of 11%.
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3.5 Financial effect of EG

In order to determine the capital that can be reEV by EG’s based on the income that they

can generate, a correlation is needed to the aeGalombinations that are practical for the MV

system. Table 3-5 below details the combinatioasithpossible based on the load flow results

from section 3.2.

Table 3-5 Minimum number of EGs switched in resulgj in a failed test condition per busbar

Minimum Condition for Failed State Combinations per Busbar

State

Condition

Fox 4km's - 100% Load

Peak

Std
Off-Peak

Fox 8km's - 100% Load

Peak

Off-Peak

Fox 4km's - 200% Load

Peak

Fox 8km's - 200% Load

Hare 4km's - 100% Load

Off-Peak

Hare 8km's - 100% Load

Peak

Hare 4km's - 200% Load

Off-Peak

Hare 8km's - 200% Load

Peak

Off-Peak

For the cells that are shaded in brown in Tablea®&ve, the lower voltage boundary condition

was exceeded, with the combination of EGs showthéncell. For the cells that are shaded in

red, the upper voltage boundary condition was ed@gewith the combination of EGs shown in

the cell. For each of the failed conditions theimimm number of EGs that cause that state from
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occurring is determined. Using this table it isrdiere possible to then calculate the minimum

practical income that is possible.

Table 3-6 Minimum conditions for a failed state pbusbar

Combination Nl periods Oply Peak Only Std  Only off-Pea k |Peak & Std Std & Off-Peak Reak & Off-Peak

No Gen

One Gen

Two Gens 1 Peak + 1 Std |1 Std + 1 Off-Peak |1 Peak + 1 Off-Peak

Three Gens Combination 1

1 Peak + 2 Std

1 Std + 2 Off-Peak

1 Peak + 2 Off-Peak

Three Gens Combination 2

2 Peak + 1 Std

2 Std + 1 Off-Peak

2 Peak + 1 Off-Peak

Four Gens Combinationl

1 Peak + 3 Std

1 Std + 3 Off-Peak

1 Peak + 3 Off-Peak

Four Gens Combination2

2 Peak + 2 Std

2 Std + 2 Off-Peak

2 Peak + 2 Off-Peak

Four Gens Combination3

3 Peak + 1 Std

3 Std + 1 Off-Peak

3 Peak + 1 Off-Peak

Five Gens Combination 1

1 Peak + 4 Std

1 Std + 4 Off-Peak

1 Peak + 4 Off-Peak

Five Gens Combination 2

2 Peak + 3 Std

2 Std + 3 Off-Peak

2 Peak + 3 Off-Peak

Five Gens Combination 3

3 Peak + 2 Std

3 Std + 2 Off-Peak

3 Peak + 2 Off-Peak

Five Gens Combination 4

4 Peak + 1 Std

4 Std + 1 Off-Peak

4 Peak + 1 Off-Peak

Table 3-6 above shows the permutations that wesd imsorder to cover all possible scenarios

for the income generated by the EG’s per time categ

The following were used as the input parameterstime capitalisation model:

» Eskom is going to increase its tariffs by 16% fbe hext two years and then will

increase its tariffs at CP| of 6%

* The inflationary increase of the EG operationatsisat 6% per year

* The assets can be amortised over 20 years. Thétrleemo salvage value as it will be

fully depreciated. A net present value (NPV) of il e used after 20 years.

* Above 90% of the income generated will be for faletl operations costs expect in the

first two years as Eskom is getting above inflagignncreases.

* The capital that can be invested in year 1 wilthkulated for two minimum attractive

rate of return scenarios, 5% and 7%.

Blanks in the table are regarded as places wherebdlundary conditions were not
fulfilled and no income or capital investment candalculated for these scenarios.

The technical losses for single and two generat@mnbinations on the system will vary

depending on where the generator/s is/are lochtextder to derive the technical losses
costs, an average of the technical losses for iffiereht location combinations were

used i.e. the technical losses for the single geoelocated at each of the five locations
was averaged to get a single cost and the sameieralso applied to when two

generators was used.
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Table 3-7: Financial effects of all practical combations for EG in MV system in Rands ‘000

Fox Conductor, 4km's at 100% Peak Load

One Gen

Eskom Income
without Gen

Gen Income

Eskom Income
with Gen 100% CP

Eskom Inc. with
Gen 50% CP & 50%

Cap Inv -
MARR - 5%

Cap Inv -
MARR - 7%

All periods

R 34,610

R 7,839

R 26,771

R 26,772

R 14,250

R 12,519

Only Peak

R 16,500

R 2,723

R 13,777

R 13,769

R 4,950

R 4,349

Only Std

R 8,658

R 2,768

R 5,890

R 5,890

R 5,032

R 4,420

Only off-Peak

R 7,393

R 2,348

R 5,045

R 5,053

R 4,269

R 3,750

Peak & Std

Std & Off-Peak

Peak & Off-Peak

Two Gens

All periods

Only Peak

R 16,498

R 5,446

R 11,052

R 11,045

R 9,900

R 8,698

Only Std

R 8,655

R 5,536

R 3,119

R 3,119

R 10,063

R 8,841

Only off-Peak

Peak & Std

R 25,153

R 10,982

R 14,171

R 14,164

R 19,963

R 17,539

Std & Off-Peak

Peak & Off-Peak

Three Gens Combination 1

All periods

Only Peak

R 16,499

R 8,169

R 8,330

R 8,322

R 14,850

R 13,047

Only Std

R 8,656

R 8,303

R 353

R 353

R 15,095

R 13,261

Only off-Peak

Peak & Std

R 25,156

R 8,259

R 16,897

R 16,889

R 15,013

R 13,190

Std & Off-Peak

R 16,045

R 7,464

R 8,581

R 8,590

R 13,569

R 11,921

Peak & Off-Peak

R 23,888

R 7,419

R 16,469

R 16,470

R 13,488

R 11,849

Three Gens Combination 2

All periods

Only Peak

R 16,499

R 8,169

R 8,330

R 8,331

R 14,850

R 13,047

Only Std

R 8,656

R 8,303

R 353

R 345

R 15,095

R 13,261

Only off-Peak

Peak & Std

R 25,156

R 8,214

R 16,942

R 16,934

R 14,932

R 13,118

Std & Off-Peak

R 16,039

R 7,884

R 8,156

R 8,164

R 14,332

R 12,591

Peak & Off-Peak

R 23,882

R 7,794

R 16,088

R 16,089

R 14,169

R 12,448

Four Gens Combination 1

All periods

Only Peak

Only Std

Only off-Peak

Peak & Std

Std & Off-Peak

R 16,052

R 9,812

R 6,240

R 6,248

R 17,838

R 15,671

Peak & Off-Peak

R 23,891

R 9,768

R 14,123

R 14,124

R 17,756

R 15,600

Four Gens Combination 2

All periods

Only Peak

Only Std

Only off-Peak

Peak & Std

Std & Off-Peak

R 16,058

R 10,232

R 5,826

R 5,835

R 18,601

R 16,341

Peak & Off-Peak

R 23,897

R 10,142

R 13,755

R 13,756

R 18,438

R 16,198

Four Gens Combination 3

All periods

Only Peak

Only Std

Only off-Peak

Peak & Std

Std & Off-Peak

R 16,064

R 10,652

R 5,412

R 5,421

R 19,363

R 17,011

Peak & Off-Peak

R 23,903

R 10,517

R 13,386

R 13,387

R 19,119

R 16,797
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Five Gens Combination 1

All periods

Only Peak

Only Std

Only off-Peak

Peak & Std

Std & Off-Peak

R 16,074

R 12,161

R 3,913

R 3,922

R 22,107

R 19,421

Peak & Off-Peak

R 23,907

R 12,116

R 11,791

R 11,792

R 22,025

R 19,350

Five Gens Combination 2

All periods

Only Peak

Only Std

Only off-Peak

Peak & Std

Std & Off-Peak

R 16,080

R 12,580

R 3,500

R 3,508

R 22,869

R 20,091

Peak & Off-Peak

R 23,913

R 12,491

R 11,422

R 11,423

R 22,706

R 19,948

Five Gens Combination 3

All periods

Only Peak

Only Std

Only off-Peak

Peak & Std

Std & Off-Peak

R 16,086

R 13,000

R 3,086

R 3,095

R 23,632

R 20,762

Peak & Off-Peak

R 23,919

R 12,865

R 11,054

R 11,054

R 23,388

R 20,547

Five Gens Combination 4

All periods

Only Peak

Only Std

Only off-Peak

Peak & Std

Std & Off-Peak

R 16,092

R 13,419

R 2,672

R 2,681

R 24,395

R 21,432

Peak & Off-Peak

R 23,925

R 13,240

R 10,685

R 10,685

R 24,069

R 21,146

Table 3-8 Financial effects of all practical combations for EG in MV system in Rands ‘000

Fox 8km's 100% peak load

One Gen

Eskom Income
without Gen

Gen Income

Eskom Income
with Gen 100% CP

Eskom Inc. with Gen

50% CP & 50% CI

Cap Inv-
MARR - 5%

Cap Inv -
MARR - 7%

All periods

R 34,610

R 7,839

R 26,771

R 26,732

R 14,250

R 12,519

Only Peak

R 16,500

R 2,723

R 13,777

R 13,777

R 4,950

R 4,349

Only Std

R 8,658

R 2,768

R 5,890

R 5,912

R 5,032

R 4,420

Only off-Peak

R 7,393

R 2,348

R 5,045

R 5,006

R 4,269

R 3,750

Peak & Std

Std & Off-Peak

Peak & Off-Peak

Three Gens Combination 1

All periods

Only Peak

Only Std

R 8,655

R 8,303

R 351

R 373

R 15,095

R 13,261

Only off-Peak

Peak & Std

Std & Off-Peak

Peak & Off-Peak

Three Gens Combination 2

All periods

Only Peak

Only Std

R 8,655

R 8,303

R 351

R 373

R 15,095

R 13,261

Only off-Peak

Peak & Std

Std & Off-Peak

Peak & Off-Peak
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Table 3-9 Financial effects of all practical combations for EG in MV system in Rands ‘000

Fox 4km's 200% peak load

One Gen

Eskom Income
without Gen

Gen Income

Eskom Income
with Gen 100% CP

Eskom Inc. with Gen
50% CP & 50% CI

Cap Inv -
MARR - 5%

Cap Inv-
MARR - 7%

Three Gens Combination 1

All periods

Only Peak

Only Std

8,655

R 8,303

R 351

R 351

R 15,095

R 13,261

Only off-Peak

Peak & Std

Std & Off-Peak

Peak & Off-Peak

Three Gens Combination 2

All periods

Only Peak

Only Std

Only off-Peak

8,655

R 8,303

R 351

R 351

R 15,095

R 13,261

Peak & Std

Std & Off-Peak

Peak & Off-Peak

Table 3-10 Financial effects of all practical comimtions for EG in MV system in Rands ‘000

Fox 8km's 200% peak load

Eskom Income
without Gen

Gen Income

Eskom Income
with Gen 100% CP

Eskom Inc. with Gen
50% CP & 50% CI

Cap Inv -
MARR - 5%

Cap Inv -
MARR - 7%

Two Gens

All periods

Only Peak

R 16,525

R 5,446

R 11,079

R 11,040

R 9,900

R 8,698

Only Std

Only off-Peak

Peak & Std

R 25,156

R 10,982

R 14,175

R 14,136

R 19,963

R 17,539

Std & Off-Peak

Peak & Off-Peak

Three Gens Combination 1

All periods

Only Peak

R 16,531

R 8,169

R 8,362

R 8,323

R 14,850

R 13,047

Only Std

Only off-Peak

Peak & Std

R 25,156

R 8,259

R 16,898

R 16,859

R 15,013

R 13,190

Std & Off-Peak

Peak & Off-Peak

Three Gens Combination 2

All periods

Only Peak

R 16,541

R 8,169

R 8,372

R 8,333

R 14,850

R 13,047

Only Std

Only off-Peak

Peak & Std

Std & Off-Peak

Peak & Off-Peak

Four Gens Combination 1

All periods

Only Peak

R 16,556

R 10,892

R 5,664

R 5,625

R 19,801

R 17,395

Only Std

Only off-Peak

Peak & Std

Std & Off-Peak

Peak & Off-Peak

Four Gens Combination 2

All periods

Only Peak

R 16,561

R 10,892

R 5,669

R 5,630

R 19,801

R 17,395

Only Std

Only off-Peak

Peak & Std

R 25,166

R 10,982

R 14,185

R 14,146

R 19,963

R 17,539

Std & Off-Peak

Peak & Off-Peak




65

Four Gens Combination 3

All periods

Only Peak

Only Std

R 16,571

R 10,892 R 5,679

R 5,640

R 19,801

R 17,395

Only off-Peak

Peak & Std

Std & Off-Peak

R 25,181

R 10,937 R 14,245

R 14,206

R 19,882

R 17,467

Peak & Off-Peak

Five Gens Combination 1

All periods

Only Peak

R 16,581

R 13,615 R 2,927

R 2,927

R 24,751

R 21,744

Only Std

Only off-Peak

Peak & Std

Std & Off-Peak

Peak & Off-Peak

Five Gens Combination 2

All periods

Only Peak

R 16,586

R 13,615 R 2,971

R 2,932

R 24,751

R 21,744

Only Std

Only off-Peak

Peak & Std

R 25,196

R 13,749 R 11,447

R 11,408

R 24,995

R 21,959

Std & Off-Peak

Peak & Off-Peak

Five Gens Combination 3

All periods

Only Peak

R 16,590

R 13,615 R 2,975

R 2,936

R 24,751

R 21,744

Only Std

Only off-Peak

Peak & Std

R 25,206

R 13,705 R 11,502

R 11,463

R 24,913

R 21,887

Std & Off-Peak

Peak & Off-Peak

Five Gens Combination 4

All periods

Only Peak

R 16,600

R 13,615 R 2,985

R 2,946

R 24,751

R 21,744

Only Std

Only off-Peak

Peak & Std

R 25,216

R 13,660 R 11,557

R 11,518

R 24,832

R 21,816

Std & Off-Peak

Peak & Off-Peak

Table 3-11 Financial effects of all practical comimtions for EG in MV system in Rands ‘000

Hare 4km's 100% peak load

One Gen

Eskom Income
without Gen

Eskom Income

Gen Income |with Gen 100% CP

Eskom Inc. with
Gen 50% CP & 50%
Cl

Cap Inv -
MARR - 5%

Cap Inv -
MARR - 7%

All periods

34,613

R 7,839 R 26,774

R 26,774

R 14,250

R 12,519

Only Peak

16,499

R 2,723 R 13,776

R 13,772

R 4,950

R 4,349

Only Std

8,656

R 2,768 R 5,888

R 5,888

R 5,032

R 4,420

Only off-Peak

7,382

R 2,348 R 5,034

R 5,038

R 4,269

R 3,750

Peak & Std

Std & Off-Peak

Peak & Off-Peak

Two Gens

All periods

Only Peak

16,498

R 5,446 R 11,052

R 11,048

R 9,900

R 8,698

Only Std

8,655

R 5,536 R 3,119

R 3,119

R 10,063

R 8,841

Only off-Peak

Peak & Std

25,153

R 10,982 R 14,171

R 14,167

R 19,963

R 17,539

Std & Off-Peak

16,037

R 10,232 R 5,805

R 5,809

R 18,601

R 16,341

Peak & Off-Peak

23,880

R 10,142 R 13,737

R 13,737

R 18,438

R 16,198

Three Gens Combination 1

All periods

Only Peak

16,499

R 8,169 R 8,330

R 8,326

R 14,850

R 13,047

Only Std

8,655

R 8,303 R 352

R 352

R 15,095

R 13,261
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Only off-Peak

Peak & Std 25,154 R 8,259 R 16,895 R 16,891 R 15,013 R 13,190
Std & Off-Peak

Peak & Off-Peak

Three Gens Combination 2

All periods

Only Peak 16,499 R 8,169 R 8,330 R 8,326 R 14,850 R 13,047
Only Std 8,655 R 8,303 R 352 R 352 R 15,095 R 13,261
Only off-Peak

Peak & Std 25,156 R 8,214 R 16,942 R 16,938 R 14,932 R 13,118
Std & Off-Peak 16,037 R 7,884 R 8,153 R 8,157 R 14,332 R 12,591
Peak & Off-Peak 23,881 R 7,794 R 16,086 R 16,086 R 14,169 R 12,448
Four Gens Combination 1

All periods

Only Peak 16,500 R 10,892 R 5,608 R 5,604] R 19,801 R 17,395
Only Std 8,658 R 11,071 -R 2,413 -R 2,413 R 17,682
Only off-Peak

Peak & Std 25,158 R 11,026 R 14,131 R 14,127 R 20,045 R 17,610
Std & Off-Peak

Peak & Off-Peak

Four Gens Combination 2

All periods

Only Peak 16,500 R 10,892 R 5,608 R 5,604] R 19,801 R 17,395
Only Std 8,658 R 11,071 -R 2,413 -R 2,413 R 17,682
Only off-Peak

Peak & Std 25,160 R 10,982 R 14,178 R 14,174 R 19,963 R 17,539
Std & Off-Peak

Peak & Off-Peak

Four Gens Combination 3

All periods

Only Peak 16,500 R 10,892 R 5,608 R 5,604] R 19,801 R 17,395
Only Std 8,658 R 11,071 -R 2,413 -R 2,413 R 17,682
Only off-Peak

Peak & Std 25,162 R 10,937 R 14,225 R 14,221 R 19,882 R 17,467
Std & Off-Peak 16,042 R 10,652 R 5,391 R 5,395 R 19,363 R 17,011
Peak & Off-Peak 23,884 R 10,517 R 13,367 R 13,367 R 19,119 R 16,797
Five Gens Combination 1

All periods

Only Peak 16,502 R 13,615 R 2,886 R 2,882 R 24,751 R 21,744
Only Std 8,662 R 13,839 -R 5,177 -R 5,177 R 22,102
Only off-Peak

Peak & Std 25,164 R 13,794 R 11,370 R 11,366 R 25,076 R 22,030
Std & Off-Peak

Peak & Off-Peak

Five Gens Combination 2

All periods

Only Peak 16,502 R 13,615 R 2,886 R 2,882 R 24,751 R 21,744
Only Std 8,662 R 13,839 -R 5,177 -R 5,177 R 22,102
Only off-Peak

Peak & Std 25,166 R 13,749 R 11,416 R 11,412 R 24,995 R 21,959
Std & Off-Peak

Peak & Off-Peak

Five Gens Combination 3

All periods

Only Peak 16,502 R 13,615 R 2,886 R 2,882 R 24,751 R 21,744
Only Std 8,662 R 13,839 -R 5,177 -R 5,177 R 22,102
Only off-Peak

Peak & Std 25,168 R 13,705 R 11,463 R 11,459 R 24,913 R 21,887
Std & Off-Peak

Peak & Off-Peak

Five Gens Combination 4

All periods

Only Peak 16,502 R 13,615 R 2,886 R 2,882 R 24,751 R 21,744
Only Std 8,662 R 13,839 -R 5,177 -R 5,177 R 22,102
Only off-Peak

Peak & Std 25,170 R 13,660 R 11,510 R 11,506 R 24,832 R 21,816
Std & Off-Peak 16,051 R 13,419 R 2,631 R 2,635 R 24,395 R 21,432
Peak & Off-Peak 23,890 R 13,240 R 10,650 R 10,650 R 24,069 R 21,146
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Table 3-12 Financial effects of all practical comimtions for EG in MV system in Rands ‘000

Hare 8km's 100% peak load

Eskom Income Eskom Income Eskom Inc. with Gen |Cap Inv - Cap Inv -
One Gen without Gen Gen Income |with Gen 100% CP [50% CP & 50% CI MARR - 5% |[MARR - 7%
All periods R 34,609 R 7,839 R 26,770 R 26,776 R 14,250 R 12,519
Only Peak R 16,499 R 2,723 R 13,776 R 13,760 R 4,950 R 4,349
Only Std R 8,657 R 2,768 R 5,889 R 5,889 R 5,032 R 4,420
Only off-Peak R 7,383 R 2,348 R 5,035 R 5,057 R 4,269 R 3,750
Two Gens
All periods
Only Peak R 16,499 R 5,446 R 11,053 R 11,037 R 9,900 R 8,698
Only Std R 8,657 R 5,536 R 3,121 R 3,121 R 10,063 R 8,841
Only off-Peak
Peak & Std R 25,156 R 10,982 R 14,175 R 14,159 R 19,963 R 17,539
Std & Off-Peak R 16,040 R 10,232 R 5,808 R 5,830 R 18,601 R 16,341
Peak & Off-Peak R 23,883 R 10,142 R 13,740 R 13,746 R 18,438 R 16,198
Three Gens Combination 1
Only Peak R 16,499 R 8,169 R 8,330 R 8,314 R 14,850 R 13,047
Only Std R 8,655 R 8,303 R 352 R 352 R 15,095 R 13,261
Only off-Peak
Peak & Std R 25,154 R 8,259 R 16,895 R 16,879 R 15,013 R 13,190
Three Gens Combination 2
Only Peak R 16,499 R 8,169 R 8,330 R 8,314 R 14,850 R 13,047
Only Std R 8,655 R 8,303 R 352 R 352 R 15,095 R 13,261
Peak & Std
Std & Off-Peak R 25,156 R 8,214 R 16,942 R 16,926 R 14,932 R 13,118
Peak & Off-Peak R 16,037 R 7,884 R 8,153 R 8,175 R 14,332 R 12,591
Four Gens Combination 1 R 23,880 R 7,794 R 16,086 R 16,092 R 14,169 R 12,448
Only Peak R 16,499 R 10,892 R 5,607 R 5,591 R 19,801 R 17,395
Peak & Std R 25,155 R 11,026 R 14,128 R 14,112 R 20,045 R 17,610
Four Gens Combination 2
All periods
Only Peak R 16,499 R 10,892 R 5,607 R 5,591 R 19,801 R 17,395
Only Std
Only off-Peak
Peak & Std R 25,157 R 10,982 R 14,175 R 14,159 R 19,963 R 17,539
Four Gens Combination 3
All periods
Only Peak R 16,499 R 10,892 R 5,607 R 5,591 R 19,801 R 17,395
Only Std
Only off-Peak
Peak & Std R 25,159 R 10,937 R 14,222 R 14,206 R 19,882 R 17,467
Std & Off-Peak R 16,038 R 10,652 R 5,387 R 5,409 R 19,363 R 17,011
Peak & Off-Peak R 23,881 R 10,517 R 13,364 R 13,370 R 19,119 R 16,797
Five Gens Combination 3
Peak & Std R 23,882 R 13,705 R 10,178 R 10,162 R 24,913 R 21,887
Five Gens Combination 4
Peak & Std R 23,884 R 13,660 R 10,224 R 10,208 R 24,832 R 21,816
Std & Off-Peak R 16,040 R 13,419 R 2,620 R 2,642 R 24,395 R 21,432
Peak & Off-Peak R 23,882 R 13,240 R 10,642 R 10,648 R 24,069 R 21,146
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Table 3-13 Financial effects of all practical comimtions for EG in MV system in Rands ‘000

Hare 4km's 200% peak load

Eskom Income Eskom Income Eskom Inc. with Gen |Cap Inv - Cap Inv -
One Gen without Gen Gen Income |with Gen 100% CP [50% CP & 50% CI MARR - 5% |[MARR - 7%
All periods R 34,625 R 7,839 R 26,786 R 26,778 R 14,250 R 12,519
Only Peak R 16,502 R 2,723 R 13,779 R 13,767 R 4,950 R 4,349
Only Std R 8,663 R 2,768 R 5,896 R 5,896 R 5,032 R 4,420
Only off-Peak R 7,390 R 2,348 R 5,042 R 5,046 R 4,269 R 3,750
Two Gens
Only Peak R 16,500 R 5,446 R 11,054 R 11,042 R 9,900 R 8,698
Only Std R 8,658 R 5,536 R 3,123 R 3,123 R 10,063 R 8,841
Peak & Std R 25,158 R 10,982 R 14,177 R 14,165 R 19,963 R 17,539
Std & Off-Peak R 16,043 R 10,232 R 5,811 R 5,815 R 18,601 R 16,341
Peak & Off-Peak R 23,885 R 10,142 R 13,742 R 13,734 R 18,438 R 16,198|
Three Gens Combination 1
Only Peak R 16,498 R 8,169 R 8,329 R 8,317 R 14,850 R 13,047
Only Std R 8,655 R 8,303 R 351 R 351 R 15,095 R 13,261
Peak & Std R 25,153 R 8,259 R 16,894 R 16,882 R 15,013 R 13,190
Three Gens Combination 2
Only Peak R 16,498 R 8,169 R 8,317 R 8,317 R 14,850 R 13,047
Only Std R 8,655 R 8,303 R 351 R 351 R 15,095 R 13,261
Only off-Peak
Peak & Std R 25,155 R 8,214 R 16,941 R 16,929 R 14,932 R 13,118|
Std & Off-Peak R 25,153 R 7,884 R 17,269 R 17,273 R 14,332 R 12,591
Peak & Off-Peak R 23,880 R 7,794 R 16,085 R 16,077 R 14,169 R 12,448|
Four Gens Combination 1
Only Peak R 16,499 R 10,892 R 5,607 R 5,595 R 19,801 R 17,395
Only Std R 8,655 R 11,071 -R 2,416 -R 2,416 R 17,682
Only off-Peak
Peak & Std R 25,154 R 11,026 R 14,127 R 14,115 R 20,045 R 17,610
Four Gens Combination 2
Only Peak R 16,499 R 10,892 R 5,607 R 5,595 R 19,801 R 17,395
Only Std R 8,655 R 11,071 -R 2,416 -R 2,416 R 17,682
Peak & Std R 25,156 R 10,982 R 14,174 R 14,162 R 19,963 R 17,539
Four Gens Combination 3
All periods
Only Peak R 16,499 R 10,892 R 5,607 R 5,595 R 19,801 R 17,395
Only Std R 8,655 R 11,071 -R 2,416 -R 2,416 R 17,682
Peak & Std R 25,158 R 10,937 R 14,221 R 14,209 R 19,882 R 17,467
Std & Off-Peak R 16,037 R 10,652 R 5,385 R 5,389 R 19,363 R 17,011
Peak & Off-Peak R 23,880 R 10,517 R 13,363 R 13,355 R 19,119 R 16,797
Five Gens Combination 1
All periods
Only Peak R 16,498 R 13,615 R 2,871 R 2,871 R 24,751 R 21,744
Only Std R 8,655 R 13,839 -R 5,184 -R 5,184 R 22,102
Only off-Peak
Peak & Std R 25,153 R 13,794 R 11,347 R 11,347 R 25,076 R 22,030
Five Gens Combination 2
All periods
Only Peak R 16,498 R 13,615 R 2,883 R 2,871 R 24,751 R 21,744
Only Std R 8,655 R 13,839 -R 5,184 -R 5,184 R 22,102
Only off-Peak
Peak & Std R 25,153 R 13,794 R 11,359 R 11,347 R 25,076 R 22,030
Five Gens Combination 3
All periods
Only Peak R 16,498 R 13,615 R 2,883 R 2,871 R 24,751 R 21,744
Only Std R 8,655 R 13,839 -R 5,184 -R 5,184 R 22,102
Only off-Peak
Peak & Std R 25,157 R 13,705 R 11,452 R 11,440 R 24,913 R 21,887
Five Gens Combination 4
Only Peak R 16,498 R 13,615 R 2,883 R 2,871 R 24,751 R 21,744
Only Std R 8,655 R 13,839 -R 5,184 -R 5,184 R 22,102
Peak & Std R 25,159 R 13,660 R 11,499 R 11,487 R 24,832 R 21,816
Std & Off-Peak R 16,036 R 13,419 R 2,616 R 2,620 R 24,395 R 21,432
Peak & Off-Peak R 23,880 R 13,240 R 10,639 R 10,631 R 24,069 R 21,146
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Table 3-14 Financial effects of all practical comimtions for EG in MV system in Rands ‘000

Hare 8km's 200% peak load

Eskom Income Eskom Income Eskom Inc. with Gen |Cap Inv - Cap Inv -
One Gen without Gen Gen Income |with Gen 100% CP [50% CP & 50% CI MARR - 5% |[MARR - 7%
Only off-Peak R 7,402 R 2,348 R 5,054 R 5,067 R 4,269 R 3,750
Two Gens
Only Peak R 16,506 R 5,446 R 11,060 R 11,040 R 9,900 R 8,698
Only Std R 8,673 R 5,536 R 3,138 R 3,138 R 10,063 R 8,841
Peak & Std R 25,179 R 10,982 R 14,198 R 14,191 R 19,963 R 17,539
Std & Off-Peak R 16,073 R 10,232 R 5,841 R 5,854 R 18,601 R 16,341
Peak & Off-Peak R 23,906 R 10,142 R 13,764 R 13,757 R 18,438 R 16,198|
Three Gens Combination 1
Only Peak R 16,502 R 8,169 R 8,333 R 8,313 R 14,850 R 13,047
Only Std R 8,662 R 8,303 R 359 R 359 R 15,095 R 13,261
Std & Off-Peak R 16,051 R 7,464 R 8,587 R 8,600 R 13,569 R 11,921
Peak & Off-Peak R 23,890 R 7,419 R 16,471 R 16,464 R 13,488 R 11,849
Three Gens Combination 2
Only Peak R 16,502 R 8,169 R 8,333 R 8,313 R 14,850 R 13,047
Only Std R 8,662 R 8,303 R 359 R 359 R 15,095 R 13,261
Std & Off-Peak R 16,053 R 7,884 R 8,169 R 8,182 R 14,332 R 12,591
Peak & Off-Peak R 23,892 R 7,794 R 16,098 R 16,091 R 14,169 R 12,448|
Four Gens Combination 1
Only Peak R 16,498 R 10,892 R 5,606 R 5,586 R 19,801 R 17,395
Only Std R 8,655 R 11,071 -R 2,417 -R 2,417 R 17,682
Only off-Peak
Peak & Std R 25,153 R 11,026 R 14,127 R 14,120 R 20,045 R 17,610
Four Gens Combination 2
All periods
Only Peak R 16,498 R 10,892 R 5,606 R 5,586 R 19,801 R 17,395
Only Std R 8,655 R 11,071 -R 2,417 -R 2,417 R 17,682
Only off-Peak
Peak & Std R 25,155 R 10,982 R 14,173 R 14,166 R 19,963 R 17,539
Four Gens Combination 3
All periods
Only Peak R 16,498 R 10,892 R 5,606 R 5,586 R 19,801 R 17,395
Only Std R 8,655 R 11,071 -R 2,417 -R 2,417 R 17,682
Only off-Peak
Peak & Std R 25,157 R 10,937 R 14,220 R 14,213 R 19,882 R 17,467
Std & Off-Peak R 16,036 R 10,652 R 5,384 R 5,397 R 19,363 R 17,011
Peak & Off-Peak R 23,880 R 10,517 R 13,362 R 13,355 R 19,119 R 16,797
Five Gens Combination 1
Only Peak R 16,499 R 13,615 R 2,864 R 2,864 R 24,751 R 21,744
Only Std R 8,656 R 13,839 -R 5,183 -R 5,183 R 22,102
Peak & Std R 25,155 R 13,794 R 11,354 R 11,354 R 25,076 R 22,030
Five Gens Combination 2
Only Peak R 16,499 R 13,615 R 2,864 R 2,864 R 24,751 R 21,744
Only Std R 8,656 R 13,839 -R 5,183 -R 5,183 R 22,102
Peak & Std R 25,156 R 13,749 R 11,399 R 11,399 R 24,995 R 21,959
Five Gens Combination 3
Only Peak R 16,499 R 13,615 R 2,884 R 2,864 R 24,751 R 21,744
Only Std R 8,656 R 13,839 -R 5,183 -R 5,183 R 22,102
Only off-Peak
Peak & Std R 25,155 R 13,794 R 11,361 R 11,354 R 25,076 R 22,030
Five Gens Combination 4
Only Peak R 16,499 R 13,615 R 2,884 R 2,864 R 24,751 R 21,744
Only Std R 8,656 R 13,839 -R 5,183 -R 5,183 R 22,102
Peak & Std R 25,157 R 13,660 R 11,497 R 11,490 R 24,832 R 21,816
Std & Off-Peak R 16,038 R 13,419 R 2,619 R 2,632 R 24,395 R 21,432
Peak & Off-Peak R 23,881 R 13,240 R 10,641 R 10,634 R 24,069 R 21,146
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Table 3.15 Levelised cost for the different systeomfigurations in Rands ‘000

System Configuration Statistic MARR 5% [MARR 7%
Max R'000/MW R 5,700 R 5,008
Fox Conductor, 4kms 100% Peak Load |Min R'000/MW R 1,707 R 3,508
Awg R'000/MW R 2,087 R 1,834
Max R'000/MW R 5,700 R 5,008
Fox Conductor, 8kms 100% peak load [Min R'000/MW R 1,707 R 1,500
Awg R'000/MW R 2,571 R 2,259
Max R'000/MW R 2,013 R 1,768
Fox Conductor, 4kms 200% peak load |Min R'000/MW R 2,013 R 1,768
Avg R'000/MW R 2,013 R 1,768
Max R'000/MW R 3,993 R 3,508
Fox Conductor 4kms 200% peak load |Min R'000/MW R 1,591 R 1,397
Awg R'000/MW R 2,080 R 1,827
Max R'000/MW R 5,700 R 5,008
Hare Conductor 4kms 100% peak load [Min R'000/MW R 1,707 R 1,500
Awg R'000/MW R 2,232 R 1,929
Max R'000/MW R 5,700 R 5,008
Hare Conductor 8kms 100% peak load [Min R'000/MW R 1,707 R 1,500
Awg R'000/MW R 2,283 R 2,006
Max R'000/MW R 5,700 R 5,008
Hare Conductor 4kms 200% peak load |Min R'000/MW R 1,707 R 1,500
Avg R'000/MW R 2,232 R 1,929
Max R'000/MW R 3,993 R 3,508
Hare Conductor 8kms 200% peak load [Min R'000/MW R 1,707 R 1,500
Awg R'000/MW R 2,127 R 1,850

For a Fox conductor system, the overall networlchieia increased with EG but a very high
switching configuration would be needed from the@egator in order to stick to the times of
operation. The times of operation would be splib ipeak, standard and off-peak as per Figure
2-1. Invariably, the highest volume of generatioil always lead to the highest amount of
capital that can be raised. However, as per talig, 3he per unit cost, or levelised cost per
MW (rand per MW), indicates that the highest cdpin be raised from the least amount of
generators operating on the system. In order te kaenomies of scale benefit, these generator
stations should be owned and operated by singléiesnin order to maximum investment
capability. However it is not always practical tave the stations owned by single entities.
There would be high competition in becoming thetfoperator in the system and locking in a
contract for as many time periods as possible yEftnew participants will then see a decrease
in the amount of operating time available and hetheeamount of seed capital than can be
raised. There are currently not enough regulataonsind these values and significant disputes
could arise once operation has begun, without fbrreavork contracting. Multiple generation
sets that operate in various time sectors are expts network performance issues. The
performance of the network was not factored in® dhlculation but will materially affect the

predictability of the profit margin. The yearly plaed and unplanned outage performance of the
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network for the Utility is about 47.5 hours [3] kibts could affect operating profit by more than
5%-10% for Fox networks because of the low timespreiion of EG. The closer a Fox network
is to its operating voltage margin the lower theuwee of sustainable generation. Even with the
correct operating condition it is still not possitio secure enough capital for a generation
scheme and achieve a minimum MARR of 5% when tteegain table 25 is compared to the
actual values required in Appendix B. This mead ihis not possible to fund new generation
assets at the Utilities system marginal price awdgital subsidy would be needed in order to

make medium voltage EG projects economically viable

The impact of having a high volume of non-technicakes affects the overall margin that is
available to EG’s. The cost impact of non-technioakes as a result of modelling some of the
load as a constant current load, compared to ftfia iconventional constant Power load, varies
on the time pattern that is used for the EG andd¢leted improvement in voltage parameters.
The actual cost impact varies within a small raegending from +R9000 to —R7000 and this
can be seen from the difference between columnkdiiBsncome with generators and 100%
constant power (CP)” and “Eskom income with germgatnd load classified as 50% constant
power (CP) and 50% constant current (CI)” in Figui@ 18, 3-19, 3-20 and 3-21. This impact
should also be factored into the apportionmeneochnical losses savings to the EG. It can be
seen from Tables 3-11, 3-13, 3-14 that the incomehe Utility goes negative for some
combinations, implying that the Utility is payingone money to the EGs than what it is making
from the sales of billed customers. There woulddftee also have to be a minimum threshold
of non-technical losses on the system before aiyJahn allow high penetration of EG into an

MV system.

The highest number of permutations that are availabthe EG’s comes from a network that is
loaded to its maximum reach in voltage performafoe.the Fox network, there were 31/88 (31
out of 88) permutations when it is close to itstagé regulation limit, without any Generators.
This is significantly different when the networkpdmds on EG operating, in order for the
network to be within its voltage limits. The numhmrpermutations decrease to 7/88 and 8/88
for a network that doubles it length for same leatume and for a network that doubles its

peak load value.

For a Hare conductor network the length of time dperation as well as the number of
generators that can be added to the network signifiy improves from that of the Fox
conductor network. When a network is performinghleigthan its operating voltage limit, it is
able to have significantly more number of permotai of EG. The number of permutations

varies from 42/88 for a non-optimally loaded systen29/88 for an optimally distributed load
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pattern. This means that there can be significamtiye stable financial conditions, for capital

investment and recovery for a Hare conductor nékwbine effect of load composition is much

greater in a Hare network because of the higheteurof permutations of operation. The cost
effect of having 50% constant current loads inst@ati00% constant power loads results in a
maximum and minimum range from R 22,000 to — R @@,and this can be seen from the
difference between columns “Eskom income with gatoes and 100% constant power (CP)”

and “Eskom income with generators and load classifis 50% constant power (CP) and 50%
constant current (CI)” in Figures, 3-7 to 3-14. hoying the system capability for EG, also

creates the negative effect on increasing costdetlto non-recovery of sales. The technical
losses savings as a result of EG is also significégower than that of Fox conductor.

Should the spare capacity created by the EG bibwdd to new load, with long term fixed
operating time contracts for EG, the upper limitcohnecting new customers would decrease
significantly i.e. there would be a limitation dmetamount of new load customers that can be
connected. This situation would then warrant theotuction of voltage control devices
dispersed in the network. This only becomes relevamen the network is operating at or

beyond its voltage boundary condition.
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4. CONCLUSIONS AND RECOMMENDATIONS

The primary aim of this dissertation was deterngnihe financial impact of EG on medium
voltage distribution systems. This was achieveditsy providing a detailed breakdown of the
types of loads supplied in power systems and assattariffs to these loads. Analysis was then
performed on the energy losses effect with EG patieh and the level of operational

flexibility provided with various EG locations ihe& networks.

EG does decrease the technical energy losses imédéum voltage distribution system but
when the generation amount is greater than 60%hefpeak load carrying capacity of the
system, the technical losses increase. This isicaiye to both Fox conductor and Hare
conductor systems. EG improves the overall voltaggilation and load carrying capacity of
MV systems. For systems that require at least 10%® volume compared to the peak load
capacity on the system, to remain within voltaggulation limits, energy losses is only
decreased, as long as the EG volume remains ldwaar30% of the peak load capacity of the
system. The off-peak condition when there is loadi@vailable restricts the number, volume
and dispersion of EGs that the system can haveoutitjoing exceeding voltage regulation
limits. This limits the operational time and amowftEG that a system can incorporate and
reduces the EG financial operating flexibility.

High non-technical losses result in a lower grasgribution percentage which means that there
was smaller capacity available for EGs connectea tetwork and which were not producing
significantly lower capital deferral benefits frothe capacity created. This contradicts the
operational flexibility of the network, in terms BfG permutations available, which has a higher
volume available when the network is not operatiegr to its voltage regulation limit. This
contradiction can be addressed by addressing tloair@nof non-technical energy that is not

converted to sales income or by increasing thea@eetariff for the customer supplied.

The penetration limits of EG can be as high as 60%e load carrying capacity of the network
and dispersion of the EG along the length of tretesy achieves the best performance in energy
loss reduction and voltage regulation in peak gedperation. The penetration limit decreases

significantly to 20% when the network is near gvibltage limits in normal operation.

The cost of energy losses on radial networks etehthl curve” type behaviour where there is a
decrease in energy losses for 20% of generatioetzion, almost no technical losses for 40%
penetration and then an increase in energy losses the EG volume is greater than 60%.

There is a greater energy savings for higher impeglaetworks or networks that are operating
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close to its voltage limits, without EG but the rhen of permutations available to the network
is limited. These high impedance networks also lakiigher energy losses when the power

flows are reversed.

The effect of EG on loads that are modelled asteohgurrent type loads, typical for that of
non-technical losses, results in very small finahchanges for higher impedance systems but
larger changes for lower impedance systems. Themapyi reason for this is that lower
impedance systems have much higher time based faroms of generation combinations,
available within the voltage limit boundaries. Jhiegative financial effect is a pass through to
the Utility which leads to a decrease in the gifirsncial contribution. Although the negative
effect of this is compensated for by reduction @m4technical losses, the most efficient way to
maintain financial stability would be to convertetmon-technical losses into sales. Without
decreasing the amount of non-technical losses Hrgimthat can be attributed to EG'’s, for load
loss savings, is very small. This implies that tiigher the penetration of EG, without an
increasing customer base, or above inflation tanifreases, or Government subsidies, will

result in a material change to the SMP.

Systems, without EG, that are operated very closke operating voltage limit boundaries have
the lowest yield in the number of generation lamatand time based permutations. Higher yield
in the number of permutations that are physicathggibly without contravening the system
limits, result in higher number of capital investmhpossibilities i.e. generators can be operated
closer to their full capability and for longer pmifs. The highest yield situation results in
approximately R5Million per MW investment potentiglith a yield of 5% MARR per year.
This capitalised value is not sufficient to justthe investment at the system marginal price to
install expensive renewable energy technologiethitndissertation 90% of income derived was
spent on operations, maintenance and fuel, buefewable technologies, this combined cost is
not as high as those that need engines and turbmators, but even if 10% of the cost was
associated to the expenses required for runningettieology, it would still not be able to pay
for the installation costs of the renewable endeginology. Subsidisation of the tariff received
by the independent EGs would be a means to ensatecompetition in this sector could be
introduced but overall cost recovery mechanismkredult in higher tariffs for load customers.
It is therefore critical that the market reguladohave to be in place first else unrestricted
competition could sterilise the network from nevadocustomer connections. The correction of

the system will have to be done with significarpital strengthening investment.

EG results in many positive effects on the netwamki can be operated in way that results in

improvement on system performance and cost effit@sn however subsidisation with careful
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and well-structured regulations and management®fi€needed in order to ensure that the
system can be operated and managed without negfaas to the customer load base. It is
recommended that the best practise regulation @rskould include, but not be limited to,
some of the following criteria:
« Simple and transparent rules for connection, casbvery and incremental energy loss
apportionment.
* Only shallow charges to be used as the systemgeeast recovery is a better method
to recover upstream costs.
* Use of system charges need to be developed diffateth by voltage, location and time

of use.
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Appendix A: Edendale Imbali metered energy statisti  cs

Account | Energy |LPU Cust|LPU Cust|LPUkWh|PPU Cust| PPU Cust NO | PPU kWh|SPU Cust|SPU Cust|SPUkWh| UNA Total | Tech | Tech ED Less | Non Tech | Non Tech | Total | Ave |Ave Rand Loss
Month | Delivered |[With kWh| NO kWh With kWh kWh With kWh| NO kWh Sales | Loss | Loss [TechLoss|LosskWh| Loss% | Cust | PPU

% kWh c/kWh

2011/06 | 24,892,056 9 3] 1,525,530 9,138 39,252] 2,060,393] 2,594 283] 2,259,281 953,524| 6,798,728]  0.10] 2,489,206] 22,402,850 15,604,122]  62.69%| 51,279] 0.6585] R 10,274,794.31
2011/07 ] 27,953,184 10 2| 1,790,066] 9,295 39,177] 2,067,298] 2,591 295] 2,273,332 671,894| 6,802,590] 0.10] 2,795,318] 25,157,865| 18,355,276]  65.66%| 51,370 0.6585] R 12,086,337.11
2011/08 ] 25,275,356 10 2| 1,862,374] 9,507 39,199] 2,276,220] 2,616 272| 2,447,204 643,964 7,229,762] 0.10] 2,527,536] 22,747,820] 15,518,058]  61.40%| 51,606] 0.6585| R 10,218,124.12
2011/09 ] 20,490,837 11 1[ 1,747,753 9,512 40,054] 1,825,090 2,628 269] 2,460,627 873,943 6,907,413] 0.10] 2,049,084] 18,441,753 11,534,340]  56.29%| 52,475| 0.6585| R 7,594,978.58
201110 [ 21,183,187 12 0] 2,678,859 10,220 39,514] 2,129,868] 2,640 269] 2,235,568 799,639] 7,843,933] 0.10] 2,118,319] 19,064,869] 11,220,935]  52.97%| 52,655 0.6585] R7,388,611.85
201111 ] 19,997,923 12 0] 2,549,929] 10,818 39,179] 2,483,639] 2,638 264] 2,033,205 890,657 7,957,430] 0.10] 1,999,792] 17,998,131] 10,040,701]  50.21%| 52.911] 0.6585] R 6,611,467.00)
201112 17,869,666 12 0] 2,314,515] 10,790 39,380 2,310,192] 2,611 282| 1,974,573 984,725] 7,584,005] 0.10] 1,786,967] 16,082,699] 8,498,694]  47.56%| 53,075 0.6585] R 5,596,106.99)
2012/01_] 17,377,784 12 0] 2,442,541 11,209 39,129] 2,396,958 2,621 282| 2,050,992 916,690| 7,807,181] 0.10] 1,737,778] 15,640,006| 7,832,825]  45.07%| 53,253 0.6585] R 5,157,654.01
2012/02_] 17,137,526 11 0] 2,592,385 11,322 39,349] 2,275,494 2,620 279] 1,968,747 906,316] 7,742,941] 0.10] 1,713,753 15,423,773| 7,680,832]  44.82%| 53,581] 0.6585| R 5,057,572.02
2012/03_] 18,529,278 11 0 3,221,844 11,681 39,195] 2,415,692] 2617 280] 1,965,921 966,335] 8,569,792] 0.10[ 1,852,928] 16,676,350] 8,106,558]  43.75%| 53,784] 0.6585| R 5,337,898.17]
2012/04 [ 19,101,572 11 0] 2,331,184] 11,601 39,332] 2,441,526] 2,606 270] 2,075,910 966,335] 7,814,955] 0.10] 1,910,157[ 17,191,415] 9,376,459]  49.09%| 53,820 0.6585| R 6,174,085.97]
2012/05 ] 21,618,936 11 0] 2,557,983 11,727 39,271] 2,488,533] 2,615 281] 2,161,374 926,955 8,134,844] 0.10] 2,161,894] 19,457,043 11,322,198]  52.37%| 53,905 0.7180] R 8,129,338.47
2012/06 ] 25,334,899 11 0] 2,435,753 11,797 39,335) 2,496,465 2,620 281] 2,382,731|  963,172| 8,278,121] 0.10] 2,533,490] 22,801,409] 14,523,288]  57.33%| 54,044] 0.7180] R 10,427,720.94
2012/07 ] 25,753,897 11 0] 2,357,536 11,919 39,281] 2,614,755 2,610 280] 2,107,207 897,610] 8,017,944] 0.10] 2,575,390] 23,178,507] 15,160,563]  58.87%| 54,101] 0.7180] R 10,885,284.35
2012/08 ] 25,159,914 11 0] 2,606,088] 11,855 39,484] 2,593,232] 2,606 279] 2,290,526 938,446] 8,428,292] 0.10] 2,515,991] 22,643,923 14,215,631]  56.50%| 54,235] 0.7180] R 10,206,822.82)
2012/09 ] 22,996,050 11 0] 2,457,138 11,917 39,528] 2,396,362] 2,591 278] 2,268,967| 936,386] 8,058,853] 0.10] 2,299,605] 20,696,445] 12,637,592]  54.96%] 54,325 0.7180] R 9,073,790.98
[12mma | 21,005,053] 1] 0] 2,545480]  11,405] 39,331] 2,420,226] 2,616 277] 2,126,310] 924,439] 8,019,858] 0.10] 2,100,505] 18,904,547] 10,884,690]  51.82%| 53,641 0.7180] R7815,207.27]
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Appendix B: Cost per kW for various grid connected technologies [2]

System cost structure and prices in 2010-$/Wp Yearo fnew installation
Technology System size Cost items 2010 2011 2012
0.25 MW System price 3.58 3.27 2.97 2.74
PV Crystalline 1.0 MW System price 2.89 2.65 2.40 2.22
10.0 MW System price 2.81 2.57 2.33 2.16
0.25 MW System price 3.23 2.90 2.57 2.41
PV Thin film 1.0 MW System price 2.62 2.35 2.08 1.95
10.0 MW System price 2.54 2.28 2.02 1.89
Annual O&M for new installations in 2010-$/Wp/yr Yea rof new installation
Crystalline and 0.25 MW 0O&M 0.036 0.034 0.031 0.029
thin film 1.0 MW 0&M 0.029 0.027 0.025 0.024
10.0 MW 0O&M 0.028 0.026 0.025 0.023
System cost structure and prices in 2013-R/Wp Yearo fnew installation
e olog stem size ost ite 010 0 0 0
0.25 MW System price 32.90 30.11 27.32 25.23
Crystalline 1.0 MW System price 26.63 24.37 22.11 20.44
10.0 MW System price 25.87 23.67 21.48 19.86
0.25 MW System price 29.75 26.70 23.65 22.13
Thin film 1.0 MW System price 24.08 21.61 19.15 17.94
10.0 MW System price 23.39 20.99 18.60 17.42
Annual O&M for new installations in 2013-R/Wp/yr Year of new installation
Crystalline and 0.25 MW O&M 0.329 0.309 0.287 0.271
thin film 1.0 MW 0&M 0.266 0.250 0.232 0.220
10.0 MW 0&M 0.259 0.243 0.226 0.213
System cost structure and prices in 2010-R/kW Yearo fnew installation
Technology System size Cost items 2010 2011 2012
2x750MW Total Plant cost, Overnight 16,880 17,893 18,966 20,104
Pulverized Coal |7x750MW Total Plant cost, Overnight 16,025 16,987 18,006 19,086
6Xx750MW Total Plant cost, Overnight 15,470 16,398 17,382 18,425
Annual O&M for new installations in 2013-R/kW/yr Yea rof new installation
2x750MW Fixed + Variable O&M 415 440 467 495
Pulverized Coal |7x750MW Fixed + Variable O&M 396 420 445 472
6x750MW Fixed + Variable O&M 384 407 432 458

f new installation

Year o

System cost structure and prices in 2010-R/kW

Technology System size Cost items 2010 2011 2012 2013
IGCC Two 2x2x1 MW | Total Plant cost, Overnight 24,670 29,382
Annual O&M for new installations in 2013-R/kW/yr Yea rof new installation

IGCC [6x750MW [Fixed + Variable O&M 844 | 895 | 949 1,006
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System cost structure and prices in 2010-R/kW Yearo fnew installation
Technology System size Cost items 2012 2013

10x2 MW Total Plant cost, Overnight 16,930 17,946 19,023 20,164
Wind 25x2 MW Total Plant cost, Overnight 15,890 16,843 17,854 18,925
50x2MW Total Plant cost, Overnight 15,150 16,059 17,023 18,044
100x2MW Total Plant cost, Overnight 14,445 15,312 16,230 17,204

Annual O&M for new installations in 2013-R/kW/yr Yea rof new installation
10x2 MW Fixed + Variable O&M 312 331 351 372
Wind 25x2 MW Fixed + Variable O&M 293 311 329 349
50x2MW Fixed + Variable O&M 279 296 313 332
100x2MW Fixed + Variable O&M 266 282 299 317

System cost structure and prices in 2010-R/kW Yearo fnew installation

Technology System size Cost items 2010 2011 2012 2013
Biomass Forestry Residue ([Total Plant cost, Overnight 33,270 35,266 37,382 39,625
Solid waste Total Plant cost, Overnight 66,900 70,914 75,169 79,679
Annual O&M for new installations in 2013-R/kW/yr Yea rof new installation
Biomass Forestry Residue FKixed + Variable O&M 1,003 1,063 1,127 1,195
Solid waste Fixed + Variable O&M 2,617 2,774 2,941 3,117

These costs were obtained from the Power Gener&dohnology Data for Integrated
Resource Plan of South Africa [4] The plan was tged in 2010 and an inflation rate of 6%
per year was used to get an indication of presainies. The rand to dollar rate of R9.2 to $1

was used for the PV technology.
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Appendix C: Definitions of terms

1) ‘Bulk supply’ means a single point of supply toiatermediate distributor

2) ‘Capital cost’ means the expenditure on plant, gepgint and other resources required
in order to provide capacity.

3) ‘Energy recovery’ means the net change in eledtéoargy in a system as a result of
physical or management changes implemented fosyiséem.

4) ‘F-CI' means for a fox network and where the 50%haf domestic load is modeled as
constant current

5) ‘F-CP’ means for a fox network and where the 50%hefdomestic load is modeled as
constant power

6) ‘F-CZ means for a fox network and where the 50%haf domestic load is modeled as
constant impedance

7) 'H-CI' means for a hare network and where the 50%e domestic load is modeled as
constant current

8) ‘H-CP’ means for a hare network and where the 50%edomestic load is modeled
as constant power

9) ‘H-CZ means for a hare network and where the 5% ® domestic load is modeled
as constant impedance

10) ‘LPU’ means large power user where metered datzemsured in 30 (thirty) minute
integrating periods at the Point(s) of Supply, dker has a demand greater than 25kVA
and is on a tariff that classifies the user asd.LP

11) ‘Maximum Export Capacity’ means the maximum capagieasured in 30 (thirty)
minute integrating periods at the Point(s) of Sypptified by the CUSTOMER in
terms of Clause 14 and accepted by ESKOM for #mestmission of electrical energy
between the Facility and the Distribution System.

12) ‘Meters’ shall be the meter(s) and the fittingsjipqent, wiring and installations
related to the meter(s) at the Point of utility egeation.

13) ‘Month’ means a calendar month comprising a pecatimencing at 00:00 on the first
day of that month and ending at 23:59 on the lagtal that month.

14) ‘'NERSA'’ means the National Energy Regulator of &odfrica established in terms of
the National Energy Regulator Act, (Act No. 4 oDa, or its legal successor

15) ‘NRS 048’ means the quality of supply specificatissued by the South African
Bureau of Standards, as revised from time to timesaeplaced by a national standard.

16) ‘Point of Utility Connection (PUC)’ means one or racircuit-breakers and associated
ancillary equipment (instrument transformers, prodm, isolators), entirely
independent of any PGC, that connects the Fautilitiie ESKOM network

17) ‘PPA’ means, if any, the power purchase agreemefwden the CUSTOMER as Seller
and ESKOM as Buyer, in respect of the sale andhase of metered deliveries of
electrical energy generated by the Facility

18) ‘PPU’ means

19) ‘REPQO’ means the “discount rate at which a cerdaalk repurchases government
securities from the commercial banks, dependintherevel of money supply it
decides to maintain in the country's monetary sysfieo temporarily expand the money
supply, the central bank decreases repo ratebgsbanks can swap their holdings of
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government securities for cash). To contract thaeysupply it increases the repo
rates. Alternatively, the central bank decides desired level of money supply and lets
the market determine the appropriate repo rateo Reghort for repossession.”
[http://www.businessdictionary.com/definition/repate.html]

20) ‘'SMP’ means the price at which energy is generateldsive of all costs necessary for
the energy to be produced and delivered.

21) 'SPU’ means a small power user, where a metersuogpison is read and captured on
the billing system for the purpose of generatirjla

22) ‘Synchronise’ means the act of closing of a cirbuwéaker so as to bring the
Distribution System, and the Facility into synchison with respect to voltage
magnitude, phase relationship and frequency.

23) ‘System limits’ means the statutory limits for Mystem operation

24) ‘Tariff means a combination of charging parametmpplied to recover measured
guantities such as consumption and capacity castsell as an unmeasured quantities
such as service costs.

25) ‘Time of use tariff means an LPU TOU tariff witmergy charges that change during
different time of use periods and seasons

26) ‘Technical losses’ means the energy losses inemtrigal system that occur as a result
of the flow of current in that system (copper armhilosses)

27)'TOU periods’ means time blocks based on volumelettricity demand during high,
mid and low demand periods and may differ perftafiie TOU periods typically are
peak, standard and off-peak and differ during laigti low demand seasons. This is
further explained in the main dissertation.



