




























































































Chapter two Literature Review

*  Competitive transition charges (CTCs)

e [Exit fees

*  Additional incremental capital costs for interconnection and permitting.

* The need to equip and manage the transmission and distribution system to
handle reverse flows of power.

2.1.5 Benefits of DG Applications

The applications of DG is done in such a way that the customer or the utility benefits.
Reliability is one of the major concerns for the customer and most utilities are
expected to deliver reliable power. On the other hand distributed generation can be
applied as a standby generator or be connected to the grid to enhance reliability.

Distributed generators can be used for peak shaving i.e. operated as peaking
stations either to address capacity or high peak energy cost of electricity during peak
periods. The application of DG in this case provides the required benefit by both the
customer and the utility.

The similarities of the application of DG as combined heat and power (CHP) and the
benefit it provides to the customer and utility is that, this application results in
reduced energy cost for thermal loads. Energy utilisation efficiency is improved by
making use of this application as well.

Some applications such as stand-alone generators provide benefits in their nature.
Customers in remote areas that cannot be connected to the power network are
supplied this way. Most of the benefits are not directly related to the applications of
distributed generators.

2.1.6 Disadvantages of Distributed Generation

Regardless of the numerous benefits of DG to the customers and utilities, there are a
number of disadvantages of distributed generation. Most authors omit disadvantages
of DG as they mainly concentrate on promoting the development of DG or their ideas
on the subject. This section summarises the disadvantages of DG as outlined in
reference [7]:
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* Matching the generation and demand must be continuously monitored. The
control system dispatcher monitors the system at the transmission and sub
transmission level, the power fluctuation at the distribution level are not normally
monitored.

*  With high concentration of DGs on a single feeder there exists the potential of
reverse power flow and the possibility of harmonic current distortion, which could
affect the power quality.

« Many DG units by their nature are not dispatchable and the system must accept
the power whenever it is generated with the potential of overloading cables or
transformers.

« Many DG devices and technologies produce power in a form that is not
compatible with existing transmission and distribution systems. Specification for
interface requirements must preserve system integrity.

* There is a question as to what extent will the utilities be able to control the
penetration of DGs and ensure system security during abnormal conditions.
Protection and safety must be carefully investigated.

* There are always some risks with new technologies such as DGs, which require
market conditioning and assessment of failure. Policies and new regulations may
have to be introduced to facilitate pushing DGs into the marketplace.

« Many of the perceived benefits of DGs may not be realised. Some experiences
have shown that little benefit has been gained with DGs. Alternative or traditional
methods could deliver the same benefits with less cost or proven results [8].

« Distributed generation add to administrative costs. This involves metering,
reading and other transactions.

Most of these disadvantages such as the reduction of power quality, overioading of
cables and transformers and the careful investigations on protection and safety
requirements add to the transmission costs. This leads to increasing costs of
transmission, placing DG at a disadvantage.
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2.2 Transmission Pricing

This section describes the main aspects of transmission pricing. It begins by
identifying the principles of transmission pricing and then describes two approaches
of setting pricing, the traditional bottom-up pricing and the more recent open access
contract design. This is followed by transmission practice as illustrated by
approaches taken in the United States of America and South Africa. Further detail on
network pricing (which is a component of transmission pricing) is presented in
chapter five.

2.2.1 Principles of Transmission Pricing

Transmission tariffs are designed in such a way that they cover cost related to power

transmission from input into the network to the market place. Network owners

prepare transmission tariffs based on the following principles [9]:

¢ Defined connection points where power exchange takes place.

« Provision of revenues to cover costs. Tariffs should provide network owner with
reasonable returns on invested capital.

= Tariffs should be defined to stimulate efficient utilisation of the network.

Some objectives of transmission pricing are that the rates should be cost reflective,
compatible with time of use tariffs to end-users and should be simple to understand
and administer [10].

Other concepts of transmission pricing that need to be considered are transmission
constraints and power losses. Transmission consiraints can prevent the most
efficient plants from operating. These constraints can also determine the location of
generation that affect the amount of power losses for transmission. Transmission
pricing that considers transmission constraints should encourage the building of new
transmission or generating capacity that improves system efficiency.

According to Prete [11] and Shutfleworth [12], in addition to meeting revenue
requirements, transmission pricing should ideally do the following:

s Promote efficient day-to-day operation of the bulk power market

* Encourage investment and determine location of generation
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* Encourage investment and determine location of transmission lines
«  Compensate owners of transmission assets

* Be fair and practical o implement

2.2.2 Traditional Approach: Bottom-up Pricing

Bottom-up pricing refers to the process of building up transmission prices from each
of the cost elements. Some of these cost elements are costs of building capacity
including sunk costs, marginal losses and congestion. The following sections discuss
how transmission contracts should reflect these costs.

2.2.2.1 Costs of Building Capacity

The total costs of projects required to provide additional capacity from one point to
another is divided into two elements. The first one is the initial or fixed cost, which
includes cost of establishing planning permission and rights of way, hiring
contractors, and laying down the basic foundations for providing a transmission link
[12]. The second one is the cost of providing the extra units of transmission capacity
between two points. Therefore the total incremental cost of a new investment in
transmission capacity is the fixed cost (k) plus the cost of providing the exira capacity
{(bx) i.e. k+bx.

Some network companies have available capacity, which was built years ago. Under
cost-of-service regulations such companies would be allowed to charge only the cost
of past investment plus accumulated interest (r). In this case, for capacity which was
created t years ago, the charge would be bx{1+r)". In such a situation, it would be
sensible for the network company to avoid charging users above k+bx because it
would then be economical for users to build their own facilities.

2.2.2.2 Recovery of Sunk Costs

Providing transmission requires long-term investment in capacity. Network
companies need to be able to recover its sunk costs. Most utilities are used 1o
operating on the basis of annual tariffs, which are often avoidable by users. Three
ways of reconciling this apparent difference between the structure and prices, as
outlined in reference [12], are as follows:
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* Regulated monopoly network. Allows the network company to recover its sunk
costs in annual tariffs, by spreading them over a captive market.

* Long-term capacity contracts. Each user must agree to pay the full cost of
investment carried out on its behalf, but in return it receives a long-term right to
use any capacity created by its investment.

*  Termination payments. Charges paid when quitting a connection are another way
of ensuring that network users pay off the full cost of facilities built for their
benefit.

The national utility in South Africa, Eskom, owns a regulated monopoly network. The
Transmission Group has annual contracts with its customers such as the Distribution
Group. Therefore the Transmission Group recovers its sunk costs through these

annual tariffs.

2.2.2.3 Marginal Losses (Transmission Losses)

There are two ways to incorporate marginal cost of losses in transmission pricing:
* (Charge users the actual, real time marginal cost imposed by their usage.
¢ Charge the users a fixed kWh price for transmitting energy over the network.

Real time prices must be calculated in a computer model using up-to-date
information about actual system conditions. A fixed price may or may not reflect the
actual cost of losses very accurately.

2.2.2.4 Congestion

The cost of congestion can be reflected in transmission contracts in three different

ways:

* By withdrawing transmission capacity when a constraint occurs, so those network
users must adjust their trades in energy.

« By charging an explicit “bottleneck fee” for each kWh that crosses a constraint.

* By including an allowance for the costs of redispatch in the kWh payment for
transmission capacity.
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2.2.3 New Approach: Open Access Contract Design

The development of power markets, the introduction of competition and open access
regulations require a change from the traditional bottom up approach of transmission
pricing. This section examines the basis on which an open access contract is
designed.

Shuttleworth [12] points out that transmission prices should accurately reflect the cost
of the transmission services supplied to any network user. The costs can be
identified if the transmission services are adequately described in the coniract for
fransmission access. These services consist of moving energy from one defined
point to another, quality of energy supplied to customer, operation of system within
certain standards for voltage, power factor and frequency.

Transmission costs depend on the standard of service promised in contract between
network owner and user. To understand these standards, the following questions
need to be answered:

1. From where to where: Generator pays a charge for sending energy t0 a common
point of sale, and each customer for delivering energy from this point of sale.

2. How much for how long: Service needs to be defined in terms of a quantity of
energy and the period over which the quantity is to be delivered. Network users
may have an option over their use of transmission capacity.

3. Transferable to other network users: Long-term transmission contracts may
become superfluous to the requirements of the network users. It is therefore
efficient for network users to transfer some or the entire transmission contract to
alternative users. Transfer is encouraged by raising transmission tariffs to ration
the available capacity. Network users prefer stable prices. Objectives of efficiency
and stable prices can be achieved if the network company offers contracts that
are both long term and transferable.

4. Guaranteed or conditional availability: important determinants of the cost of
transmission contract are the methods used 1o reconcile contract commitment
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with the actual availability of transmission capacity. The methods used are as

follows:

e As available or curtailable capacity: Allow the network company to curtail
transactions, so that network users may not schedule flows in excess of
available capacity.

* Bottleneck fees: Where capacity is constrained, charging explicit additional
tariffs for crossing the constraint rations it.

* Limited interruptibility: When systems provide guaranteed level of capacity,
which may be withdrawn for certain number of hours.

Shuttleworth [12] does not mention the other aspects of standard of service such as
reliability, voltage regulation etc. But these are also important issues in transmission
costs.

2.2.4 Transmission Pricing Options in USA

There is are several electricity transmission pricing options around the world. In this
section, four pricing options used in USA are briefly discussed. These are postage
stamp pricing, contract path, megawatt-mile pricing and congestion pricing [11].

Postage stamp pricing is the simplest and most common type of transmission pricing.
Its rate is a fixed charge per unit of energy transmitted within a particular zone,
without considering the distance the energy travels. The postage stamp rates are
based on average system costs and may have a variety of rate designs based on
energy charges, demand charges or both. In most cases the rates are set as time of
use tariffs where by there are separate charges for peak and off peak periods. The
charges also vary by season and also depend on time of the week (week day,
weekend or public holiday). Transmission services are also generally offered on both
firm and non-firm services. Firm service guarantees service subject to constraints

while non-firm service is subject to interruption.

Contract path is a traditional pricing mechanism. lts rate follows a fictional
transmission path agreed upon by transaction participants. It is usually considered an
option to minimise transmission charges and also to avoid transmitting across
several utility systems or zones and accumulating utility or zone charges. This pricing
option does not reflect actual power flows through the transmission grid.
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The megawatt-mile is a flow-based transmission pricing option. The transmission rate
reflects the cost of transmission, based on both the megawatts of power flow and the
distance travelled by the electrical energy. The cost of transmission per megawatt-
mile is the total cost averaged over megawatt miles of usage.

Congestion pricing sets transmission rates 1o allocate limited {transmission
capabilities over constrained interfaces to those transmission customers that most
value the ability to make power transfers. The increase in electricity demand results
in transmission price increases. Congestion costs are either assigned directly to
users causing the congestion or shared among all users. [11]

2.2.5 Transmission Pricing in South Africa

The transmission tariff, which is used to price electricity sales between Eskom’s
Transmission Group and Distribution Group, was first implemented in 1992 (the
transmission network belonged to generation before 1992 therefore there was no
transmission tariff) [13]. The purpose of the tariff was to create an environment where
the operator of the main transmission network could act as an independent broker
purchasing energy from generators and selling the energy to the distributors. This
can be seen in the South African Electricity Supply Industry (ESI) model in figure 2.2
below.

ESI MODEL

I@gigfon
1

National control TRANSMISSION

Transmission
tariff’
DISTRIBUTORS
SUPPLIERS

Figure 2.2: Electricity Supply Industry (ESI) Model [10]
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The transmission tariff was designed with the hope that it would help the distributors
connected to the transmission network to function in a businesslike manner. The tariff
rates depended on time of use and were based on optimal long run marginal cost. In
1992, the tariff was similar to the time of use tariff options, T1 and T2 (shown in
Appendix one), which Eskom offered to external customers. It consisted of four time
of use energy charges and a maximum demand charge, which was levied on
maximum demand recorded during peak or standard tariff periods.

Analysis of the weekly load duration curves resulted in a fixed cost in the hour of
peak demand and three distinct steps in the variable hourly costs. In allocating the
fixed costs, loss of load probability (LOLP) was considered. The level of transmission
tariff was set so that the total revenue requirements of the Generation Group and the
Transmission Group could be recovered.

The average transmission capital cost per unit of system maximum demand was
calculated by dividing the cost of assets by the system maximum demand. A similar
calculation was done by using energy as a base to obtain a figure in cents per
kilowatt-hour. A distance surcharge similar to the rates used to end customers was
used but was not cost reflective. Operations and maintenance costs were recovered
by demand charge. The final rates were obtained by adding the components of
generation and transmission costs.

The transmission tariff recovered revenue from the distributors in three ways: 1)
Revenue from base sales, 2) Revenue from budgeted sales to customer incentive
scheme (CIS) customers and 3) Revenue from growth sales.

in calculation of revenues derived from base sales, the total budgeted fixed costs of
Generation and Transmission Groups for the present year was divided by the kWh
sold by the Transmission Group for the previous year. This resulted in a ¢/kWh
charge. This charge was multiplied by the total metered kWh at each MTS substation
for the previous year so that a figure for total base sales revenue could be derived for
each distributor.

For revenue from budgeted (CIS) sales, the charge was based on the short-term

marginal costs of generation and transmission. This average marginal rate was the
same as the marginal rate paid by transmission to generation, plus the marginal
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costs of transmission losses. The tariff for electricity sales above budget (growth)
was meant only to cover marginal variable costs. This was achieved by slightly
increasing the price for CIS sales such that the marginal variable costs are covered.

It is not clear why this pricing method was adopted. But it was felt that the method
used was not cost reflective and there was a lot of cross subsidisation. A
development of a new cost reflective pricing method was considered.

In 1994 the Transmission Economics Department implemented a new transmission

tariff. It was intended to be as cost reflective as possible. This tariff consisted of three

parts as follows:

* A network charge designed to recover Transmission’s own revenue requirements

* Atime of use charge designed to recover the total fixed and proportional variable
components of the cost of generation and proportional return on assets.

* An hourly marginal energy rate designed to recover the proportional variable
components of the cost of generation and transmission. [13]

The network charge comprised of a fixed monthly payment in respect of a point of
supply (MTS substation) and the reserved capacity allocated to it. This charge was
calculated to recover Transmission revenue requirements. The time of use charge
was based on the negotiated baseline load for every supply. The hourly marginal
cost rate was applied to consumption in excess of the baseline load. The rate was
made up of two items, the marginal cost of supply and the marginal outage cost.

Chapter four focuses on transmission pricing in South Africa. It looks into the history
of transmission pricing in the country, the present and the future pricing mechanisms.
Therefore more information on this subject can be obtained in chapter four.

2.3 Summary

Distributed generation refers to integrated or stand-alone use of small, modular
electric generation close to the point of consumption. Three main trends are the key
drivers of the development of distributed generators around the world. These are
regulatory changes, power system deficiencies and distributed generation technology
advances.
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There is a wide range of distributed generation technologies that energy service
providers and consumers can choose from. Some of these technologies are
photovoltaics, fuel cells, wind energy converters, turbines and engines etc. These
technologies can be applied in various ways such as combined heat and power, peak
shaving, standby generators, stand-alone generators, and grid support.

Distributed generation provides a considerable amount of benefits to both the utility
and the customer. Most of these benefits are very site specific and application
specific. Some of the benefits include socio-economic opportunities, improved public
opinion and environmental mitigation. Even though distributed generation has plenty
of advantages, it does have a few disadvaniages. Most of these have negative
implications on the transmission costs.

Transmission tariffs are designed in such a way that they cover cost related to power
transmission from input into network to the market place. Principles of transmission
pricing include defined connection points, provision of revenues o cover costs and
stimulating efficient utilisation of the network.

Transmission costs can be ideniified if transmission services are adeguately
described in the contract for transmission access. Transmission costs depend on the
standard of service promised in the contract between the network owner and the
user.

Bottom-up pricing is one of the methods used in transmission pricing. Other methods
used around the world, for example in the USA, are postage stamp pricing, coniract
path, megawatt mile and congestion pricing and have made a big move towards
open access pricing.

The tariff used in South Africa was first implemented in 1992. In 1994 a new a tariff
was implemented as it was felt that the initial tariff was not cost reflective. The new
tariff reduced the variation in electricity prices around the country. The approach is
closer to bottom-up than open access.
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The literature review has provided a general understanding of transmission pricing

that provides the context for developing and using pricing models to investigate the
impact of the expected increase of DG on the system.

In chapter three the future potential of DG in South Africa is assessed and chapter
four explores the transmission pricing in South Africa in greater detail.
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CHAPTER THREE

Distributed Generation in South Africa

The South African power industry has been dominated by large central power
stations owned by Eskom since 1949. A conventional large electric power system
has been utilised, where large central generators feed electrical power through
generator transformers to a high voltage interconnected transmission network. The
transmission system is used to transport the power, sometimes over considerable
distances, which is then extracted from the transmission network and passed down
through a series of distribution transformers to final circuits for delivery to customers.
However, recently there have been cases where small generators are connected to
the power system at distribution level. A couple of industries are also involved in
cogeneration systems. These connected cases are known as distributed generation.
This chapter reviews all the cases of distributed generation in South Africa. Issues
that are closely looked into are the interconnection voltage level, mode of operation,
location, capacity, technology, ownership and planning, and power delivery area.
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Figure 3.1: Central Generation and Distributed Generation [15]
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3.1 Centralised and Distributed Generation

The Electricity Supply Commission known as Escom was established in 1923, but in
1987 the name was changed to Eskom. This is the main utility in South Africa and
owns most of the network in the country. The formation of this utility in 1923 saw the
development of central generating stations in the country. Witbank and Colenso
power stations are examples of some of the stations that were commissioned in the
1920s. These stations were owned by Escom but operated by VFP as part of its
network. The discovery of new gold fields to the west of the Witwatersrand and a rise
in gold prices increased the development of the electricity supply industry. This led to
rapid growth in electricity demand from the gold mines. To meet this demand, Eskom
erected another big central power station (Klip power station). More central stations
were commissioned immediately after the Second World War. The diagram below
shows power stations that were commissioned between 1960 and 1989.

Increasing Power Stations with Time in South Africa
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Figure 3.2: Increasing Power Stations with Time in South Africa [16]

A number of the Eskom central stations were constructed to meet the high-energy
demand in the country. The economies of scale also favoured the development of
central power stations in the country. Some of the central stations were built for peak
lopping and for use during emergences as well as reliability purposes on the entire
Eskom network. For example Hendrik Verwoerd (re-named Gariep) hydro power
station, built as part of an irrigation project, started feeding into Eskom’s transmission
system in 1971 [16]. Not only did it prove of value in peak load periods and
emergencies, but also it strengthened the 400 kV line linking the Transvaal and the
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Cape Province. Vanderkloof, a similar hydro power station, was commissioned in
1977 as another feature of the Orange River Project [16]. As much as it was
economically viable for Eskom to build central stations, a couple of small generators
(distributed generators) were operating in some areas around the country. A good
example is that of the small hydro generators located in the former Transkei in the
Eastern Cape. These generators were commissioned in 1979 and 1983 [17]. A
couple of customers also installed solar panels in their households in order to obtain
electric energy. These panels could be combined to operate as DG. Some industries
have always generated their own electricity to avoid high Eskom peak prices during
peak period. Some of these generators have the potential of generating enough
energy for the industry as well as surplus that could be sold to Eskom. Examples of
industries that have cogeneration facilities include Sasol, Sappi, and AECI etc.

Central generating stations in South Africa have dominated the Electricity Supply
Industry. A few cases of distributed generation, whereby small power generators
were built within a localised area of use, have been noticed in the past and more
distributed generators are emerging in the South African power industry. The
following section focuses on the existing distributed generators in the country.

3.2 How much DG is Installed in SA Today?

The national public electricity utility, Eskom, generates 97% of the electricity
consumed in South Africa [18]. However there are customers who still own and
operate significant generation. Advances in generation technology, in particular
Combined Cycle Gas Turbines (CCGT) makes it increasingly attractive for customers
to invest in generation for all or part of their own electricity needs. Many customers
are indeed seriously investigating this alternative for meeting their electricity needs.

The potential for non-Eskom Generation has been estimated as 15 400 MW [18].
Table 3.1 shows a list of most of the distributed generators in the country. Distributed
generation is any source of electric power that is interconnected with an electricty
supply network at a system voltage level not exceeding 132kV. The generator is not
centrally dispatched. It is probably not a trading participant in a power pool but
usually responds to a tariff signal. For this research the maximum capacity for DG is
100 MW. Some piants such as Sasol, Sappi, sugar mills and metallurgical industries
(shown in table 3.1) have more than one generator.
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Plant Size IMW] Type Owner
Miata First Falls & Hydro Eskom
Mtata Second Falls 11 Hydro Eskom
Mbashe/Collywobles 42 Hydro Eskom
Neora 2 Hydro Eskom
Mantsonyane 2 Hydro Lesotho
Sasol 728 Coal fired Sasol
Sappi-Usuty 12 Coal/Black liquor Sappi
Sappi-Tugela 18 Coal/Black liguor Sappi
Sappi-Ngodwana 70 Coal/Black liguor Sappi
Mondi-Richards Bay 35 Coal/Black liguor Sappi
: Mondi-Merebank 145 Coal/Black liguor Mondi
Tongaat-Hullet Amatikulu 12 Bagasse/Coal fired Sugar industries
Tongaat-Hullet Darnall 13 Bagasse/Coal fired Sugar industries
Tongaat-Hullet Felixton 32 Bagasse/Coal fired Sugar industries
Tongaat-Hullet Maidstone 29 Bagasse/Coal fired Sugar industries
Transvaal Suiker 20 Bagasse/Coal fired Sugar industries
Mossgas 90 Gas Mossgas
o . Metallurgical
Metallurgical industries 200 ? industries
Bloamfontein 102 Coal fired Municipality
Roggebaai 40 Gas Turbine Municipality
Athlone 40 Gas Turbine Municipality
Port Elizabsth 40 Gas Turbine Municipality
Lydenburg 2 Hydro Municipality
Piet Retief 1 Hydro Municipality
Friedenheim 3 Hydro Private

Tabie 3.1: Existing DG in South Airica [20]

Eskom, various municipalities and a few private industries own the distributed
generators shown in table 3.1 above. A number of small generators such as solar
power and a couple of other electrical energy sources are not listed in the table. The
four small generators i.e. Mtata First Falls, Miata Second Falls, Mbashe and Ncora,
currently owned by Eskom, were built by Tescor as local generation in the former
Transkei homeland about twenty years ago. These small hydro generators were
operated in parallel with the Eskom import. The political changes in South Africa
during the early nineties led to the end of the homeland system and homelands like
the Transkei became part of the South African government. As a result Tescor was
taken over by the national electric utility Eskom in 1894. These generators are
connected at distribution voltages of 66, 66, 66/132 and 22 kV respectively.

Some industries, notably pulp and paper and sugar refining, use biomass to raise
steam to generate electricity. In pulp mills, the bark from logs and the black liquor
from the digestors is burned in boilers for process heat and electricity. In sugar
refineries, bagasse (fibres from the sugar cane) is used in the same way. Both the
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paper and sugar industries have high electrical energy demand for their processes,
especially mechanical processes. In order to meet these demands, these industries
generate their own electricity by using mainly coal but also waste products as
mentioned above. The total generation from paper and sugar industries is 280 and
105 MW respectively as shown in table 3.1. The paper mills that generate their own
electricity are Sappi Usutu (12 MW), Sappi Tugela (18 MW), Sappi Ngodwana (70
MW), Mondi Richards Bay (35 MW) and Mondi Merebank (145 MW) [19]. The sugar
refineries that generate their own electricity are as follows: Tongaat-Hulett Amatikulu
(12 MW), Tongaat-Huilet Darnall (13 MW), Tongaat-Hullet Felixton (32 MW),
Tongaat-Hullet Maidstone Mill (28 MW) and Transvaal Suiker Ltd (20 MW) [20]. Most
of these mills generate energy capacity less than their demand, therefore get extra
energy supply from Eskom and also, they do not wheel energy to other mills.

Industries such as Mossgas, Sasol and metallurgical industries also generate their
own electricity using mainly steam turbines. These generators are also categorised
as distributed generators, cogenerators to be specific. The generation capacities of
these small generators are 728, 80 and 200 MW respectively as shown in table 3.1.

Various municipalities around the country also own a significant number of small
generators. Examples of such generators are the coal station of capacity 102 MW in
Bloemfontein, the gas turbines in Roggebaai, Athlone and Port Elizabeth (all of
capacity 40 MW), and the two hydro stations in Lydenburg and Piet Retief of
capacities 2 and 1 MW respectively [20]. Most of these stations are peaking stations
used by the municipalities to supply local loads during peak hours and also to avoid
high Eskom peak prices of electricity. Friedenheim hydro power station is privately
owned and has a licensed capacity of 3 MW. This indicates that DG can compete.

There are many other examples of distributed generation in the country that are not
listed in table 3.1. Most of these are isolated and not connected to the grid. Solar
energy is widely used in remote areas such as the Eastern Cape. This kind of energy
is used mainly in areas far from the slectricity grid. Photovoltaics are used for remote
radio transmitters and receivers, for rural schools and clinics, and for rural houses. It
is estimated that in 1995 South Africa had a total solar photovoltaic capacity of about
5 MWe [21]. None of these is known to be connected to the grid.
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There are 7 gas turbine power stations in South Africa, 2 owned by Eskom and 5 by
municipalities. Some of these are not classified as DG for example those owned by
Eskom such as Acacia and Port Rex (bigger than 100MW in capacity). Most of these
stations are small and are not used for base load electricity generation but for
meeting load peaks or for standby generation for start-ups or in the event of loss of
power from the main plant. They consist of simple gas turbines where the exhaust
gases from the turbines go to waste. In South Africa they run on liquid fuels such as
paraffin or jet fuel.

Figure 3.3: Photovoltaic Module [22]

The total installed capacity of these plants was just over 606 MWe in 1996 [21]. Their
production of electricity was negligible in 1995. Table 3.1 shows a total of 120 MW
and the balance is mainly from Eskom stations such as Port Rex and Acacia. Simple
gas turbine generators such as these are quick and easy to start, have low capital
costs per kW, high efficiencies (typically 55% and above) and have high running
costs. They have no prospect of providing base load electricity in the future. If gas is
used for base load electricity in future it will be in Combined Cycle Gas Turbine
(CCGT) plants.

It is clear that distributed generation plays a significant role in the current electricity
supply industry of South Africa. The reasons behind the construction and emergence
of the existing generators in the country vary widely. Some DGs started off as the
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main energy supplier for certain areas like in the Transkei. This area had a separate
government from South Africa, and the power stations were financially viable.
Companies such as Sappi, Sasol, and the sugar industry find it cheaper to generate
their own electricity other than depending only on Eskom. As a result they
constructed their own smaller stations. In fact there might be more reasons for the
development of distributed generation in future in the country. The next section
closely looks into this subject.

3.3 Development of DG in SA in the Future.

The development of DG in the world has been driven by various reasons.
Independent trends - ulility industry restructuring, increasing system capacity needs,
and technology advancements — have concurrently laid the groundwork for the
widespread adoption of DG. Another key driver that is increasingly playing a bigger
role in international emergence of DG is the development of more stringent
environmental legislation [2]. The development of DG in SA is set to increase in the
future. The trends mentioned above together with various other evident reasons will
drive the development of DG in the country. These are discussed below.

3.3.1 Technology Advances

New developments in small-scale power generation technologies have presented an
opportunity for innovate solutions to address the need for broad-based system
expansion. DG nowadays has mature technology that is readily available and
modular in a capacity range from 100 kW to 150 MW [2]. This would be one of the
main drivers of DG in the country in the future, particularly with the recent high
interest in alternative energy sources. Alternative energy sources are abundant in
South Africa and the advances in DG technology will lead to an increase in the
number of DG in the country. The cost and efficiency of DG technologies is improving
dramatically around the world and in SA. This means that energy service providers
and consumers in the country can select from a wide range of distributed power
generation technologies. With further advances in these technologies, unit prices will
be further reduced.
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3.3.2 Environmental Pressure

The growing environmental pressure worldwide in response to global warming
concerns has accelerated development of non-green house gas emitting
technologies. The same is expected to happen in South Africa, where over 92% of
the electricity generated is from conventional coal power stations [21]. These power
stations are polluting. They produce large amounts of waste, both solid and gaseous.
The ash from the coal is made up of a variety of elements. All of these elements end
up either in the atmosphere or on ash tips. In South African coal power stations, the
only pollutant that is removed from the flue gas are particles (smoke), which are
removed with electrostatic precipitators or filter bags. There is no flue gas
desulphurisation in South Africa [21]. The other pollutants in the flue gas pass
straight into the atmosphere. The increased pressures on utilities to be
environmentally sensitive will be a key driver for South African energy providers to
consider renewable energy sources, most of which are classified as DG.

3.3.3 Renewable Energy Resources

South Africa is blessed with abundant solar radiation, wind energy, wave and tidal
power potential. These free resources can be used, especially with the recent
advances in DG technologies. The main South African utility, Eskom, has already
shown interest in alternative energy resources, investing in research projects on DG
and renewable energy. This shows that alternative energy resources such as
renewable energy will play a major role in the development of DG in the country.

An existing project by Technology Services International (TSI}, an Eskom Enterprise
division, is currently working on installing distributed generators around the country.
By 2006 the following technologies will be implemented or in the process of being
constructed:

* Large wind farm in the Western Cape

= Concentrating Solar Power Technology in the Northern Cape

* Shore and/or offshore based wave power technology in the Western Cape

» A biopower technology, which harness waste products such as landfill gas

around the country.
* A Solar Dish Stirling Project (see figure 3.4)

37



Chapter Three Distributed Generation in South Africa

Figure 3.4: A Demonstration of Alternative Energy Sources, the Solar Dish
Stirling Project Launched at the Time of the Summit on Sustainable
Development in Midrand [39].

Eskom is into DG because it is trying to identify engineering applications for
distributed resources and to develop the broad capabilities to incorporate these into
technically and economically feasible processes in the electricity distribution
business. Eskom is specifically concerned with:
* The assessment of the opportunities and associated business aspects of
distributed resources in the distribution network.
* The identification of distributed generation resources capable of being
connected to distribution network.
* The technical (where applicable) and economic integration of distributed
resources into the distribution network.
* The characterisation of these resources from the perspective of their impact
on a distribution network and degree to which they meet customer

requirements.
The knowledge gained from the pilot projects mentioned above will provide essential

supporting information for the distribution planner and Quality of supply practitioner.
These projects will be of great value in Eskom in terms of understanding DG and
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would also be useful to the development of DG in the country. The viability of DG will
be determined through the outcome of these pilot projects.

3.3.4 Political Motivation

in certain couniries environmental regulations are politically motivated. High
reimbursement tariffs and subsidies are granted for environmentally friendly
technologies, or, public service obligations with the aim to reduce poliution. A good
example of such countries are Denmark and Germany [2]. This leads to economically
favourable conditions for DG development. It is likely that South Africa will do the
same in the near future. The above discussion shows that South Africa is already
moving towards the development of DG due to global environmental pressures
regarding global warming. The National Electricity Regulator (NER) in South Africa is
likely to introduce tariff incentives and technical guidelines to stimulate interest and
promote new forms of electricity generation, such as distributed generation,
especially that which is environmentally friendly. Even if the alternative sources of
energy are not affordable, the incentives provided by NER due to worldwide increase
of environmental pressures, will stimulate the interest for new forms of electricity
generation.

3.3.5 Power Industry Restructuring

Major changes in regulation in the electric industry around the world over the past
two decades have led to the development of the concept that is now known as DG.
The aim of restructuring is to improve the economics of power generation and
delivery through a dramatic restructuring of the electric power industry to promote
competition, customer choice, greater cost effectiveness, and lower energy prices. In
many countries such as the USA, the final outcome of restructuring is still taking
shape, with many states only now beginning to enact legislation. Although the
ultimate result is not yet clear, industry changes are well under way and according to
A. D. Little [1] some positive trends for DG are already apparent. These are as
follows:

* The opening of retail markets provides customers with choice and has
resulted in a large number of competitors offering new products and services,
including DG.

* The emergence of performance-based ratemaking provides an opportunity for
utilities to deploy DG to improve asset utilisation.
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¢ The unbundling of services and more sophisticated market mechanisms,
including real-time pricing, will send price signals that will provide an
economic stimulus for DG.

The South African power industry is also undergoing a massive structural change.
The government is restructuring the Electricity Distribution Industry (EDI). The
Electricity Distribution Industry Restructuring Committee (EDIRC) has been
requested by the Cabinet to work on the EDI restructuring. The restructuring of the
distribution industry forms part of a larger reshape of the supply industry [23]. This
will lead to the unbundling of Eskom’s Generation and Transmission Groups, the
introduction of competition and private sector participation in the longer term. With
the electric industry restructuring, unique opportunities exist for new approaches 1o
generating electricity and satisfying on-site customer needs using smaller DG power
systems, if regulation allows it. The market for small-scale power generation has the
potential to develop in South Africa with the introduction of competition and private
sector participation in the local power industry. The formation of Regional Electricity
Distributors (REDs) is likely to create this competition and open interests needed to
stimulate DG. If REDs stimulate DG, there will be an impact on their purchases from
the transmission system. This effect depends on the relative growth of DG and the
load. In Chapter six the effect of increasing DG penelration in South Africa is
assessed. Eskom is already preparing for the restructuring of the EDI. A provision for
impairment of certain classes of property, plant and equipment has been raised. The
need for this impairment is influenced by the transfer of assets from Eskom to
different companies (REDs) [11].

3.3.6 Customer Choice

Another important factor in the development of distributed generation in the country is
that of customer choice. Customers will have to choose how they satisfy their
electrical energy needs. The more the customer gets to understand and appreciate
the potential benefits of distributed generation, the higher are the chances that
distributed generation becomes an option in the future. Internationally, distributed
generation is widely used by most customers to provide some or all of their electricity
needs. There are many different potential applications for distributed generation
technologies. For example, some customers use distributed generation to reduce
demand charges imposed by their electric utilities, while others use it to provide
clean, uninterruptible, controlled and reliable power (premium power) or reduce
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environmental emissions. The same is likely to happen in South Africa in the future.
A lot of industries require premium power in the country. Electricity price is not a big
issue at the moment in South Africa, as a result reducing demand charges is not that
significant. But reduction of environmental emissions is very significant and would
play a huge role when it comes to customers’ selection of power supply, with
systems with low emissions, such as most distributed generators getting an upper
hand. Customers who are environmentally inclined will purchase green power (power
from renewable sources), even if it means paying a higher premium compared to grid
based power purchases.

3.3.7 Utility Choice

The demand of electricity is ever increasing in the country and the building of large
central power stations is likely not to be the most economical solution to meeting
these demands. Economies of scale have been the main driver of cost reduction in
the past and it has led to the existing centralised system. Economies of scale,
however, have been also an important driver to reduce the electricity production
costs of distributed generation. For example in 1985 a 50 kW wind turbine had a rotor
diameter of 15m and in 2000 a 4000 kW turbine had a rotor diameter of 88m [14].
Other DG technologies will certainly follow this development. DG has a large
potential of economies of scale in comparison to large-scale centralised technologies
with their almost exhausted economies of scale. The advances in distributed
generation technology means that the prices for these technologies are going down
placing them in a better position as a choice in meeting increasing demands of
electricity.

A utility such as Eskom will use distributed generation as transmission and
distribution deferral. Placing distributed generators in sirategic locations will help
Eskom delay the purchase of new ftransmission or distribution systems and
equipment such as distribution lines and substations.

The utility can also benefit from distributed generators by obtaining ancillary services.
The market for ancillary services is still unfolding internationally, such as in the USA.
The same thing can be expected to happen in South Africa very soon. And when this
takes place, the penetration of distributed generation will be boosted in the country.
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Eskom is currently doing a research on pebble bed modular reactors (PBMR}, which
have the potential for distributed generation. This research has revealed that this
technology has major safety advantages over conventional nuclear plants, and major
cost benefits [21]. It is based on a German pilot reactor, the AVR, of 15 MWe
capacity, which ran successfully from 1967 to 1989. The proposed South African
design will be 100 MWe. The modular design means that units will be built quickly
with a minimum of site construction. The smaller units will fit in with an international
trend towards smaller power stations (DG} with lower capital costs and quicker
construction time. If the South Africa prototype PBMR is successful, it could be
exported around the world and would be particularly suited to a niche market where
the demand is for a small unit with completely flexible siting. it is possible that PBMR
will be operated as DG as the proposed capacity is 100MW for South Africa.

3.4 Possible Outlook for Distributed Generation in South Africa

Even if it were desirable, Eskom would find it difficult to carry out its business in
isolation. The electricity supply industry is changing all over the world and customers’
electricity demands are becoming more and more based on quality. Distributed
generation plays a major role in meeting these demands [14]. As a result most
countries are opting for this alternative and the number of these small generators has
increased dramatically [9]. A number of key drivers for the development of distributed
generation are still evident around the world. Therefore we can say that distributed
generation will play a major role in the electricity supply industry around the world
including South Africa. Table 3.2 shows the current and future potential of DG
penetration in different countries.

Today Future Polential
Australia 3% {2000 MW) 9% {900 MW)
Belgium 10% Upto 20%
Canada 10% (2900 MW} 75.8% {22 000 MW}
Denmark 37% (1800 MW CHP / 900 MW WEQ) 2000 MW CHP, 5000 MW WEC
France Less than 5% ?
Germany 1260 MW s';jgfg&iﬁg‘éo MW CHP/ Up to 35% CHP, >3600 MW WEC
Netherlands 40% ?
Norway 1% (Hydro, low prices) ?
Spain 300 MW 9000 MW WEC, 16000 MW CHP
EU Targels 9% 18% by 2010, theoretical 40%

Table 3.2: DG Penetration in Different Countries [2]
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Eskom is planning a wind project under the auspices of South African Bulk
Renewable Energy-Generation (SABRE-Gen) in the Western Cape. An
environmental impact assessment is under way and if it is successful construction of
the wind project will begin this year (2002). Six to eight wind turbines would be
installed with a total capacity of about 10 MWe [21].

Another proposed wind project in the Western Cape is the Darlington Demonstration
Wind Farm, an IPP funded by a private consortium, whose first phase would be to
install 5 MWe of wind power and whose second stage would install another 5 MWe. It
is estimated that the total wind potential in the Western Cape is a few hundred MWe.
There is also a greater potential of offshore wind generation in the region.
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Figure 3.5: Mean Annual Wind Speeds (m/s) in South Africa [41]

South Africa has no natural gas apart from the small field at Mossgas, which is used
for making chemicals but it does have coal bed methane especially at the Waterberg
field. There is also natural gas in offshore Kudu gasfield in Namibia and the land
Pande field in Mozambique. Therefore it is likely that South Africa will build combined
cycle gas turbines (CCGT) as DGs, the most rapidly growing technology in Europe.
The technology is well proven. Capital costs are low. Construction time is short. It
might also become economically viable to import liquefied natural gas (LNG) from
fields such Angola, Nigeria, and further away. As a result of the availability of
resources as well as the efficiency, low capital cost, and cleanliness, it is likely that
(CCGT) distributed generation stations will be built in South Africa before 2020 [21].
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They are likely to be in the Northern Cape, Southern Cape, Mpumalanga and
Gauteng associated with identified sources of gas and gas utilisation.

Some industries, such as pulp mills and sugar mills, already use biomass to generate
electricity for their own use. In future, depending on electricity prices and
environmental regulations, some of this electricity from distributed generators could
be sold into the national grid. It is unlikely that this kind of electricity generation could
play a major role in the contribution 1o the public electricity supply, as the potential for
expansion of sugar cane fields and commercial forests in limited in the country.

Until now South Africa has only made electricity from the sun by photovoltaic panels.
Their use is expected to grow rapidly to provide off-grid electricity for schools, clinics
and households in remote areas. Eskom and Royal Duich Shell are now
implementing a programme to provide households in the Eastern Cape with
photovoltaic panels for lighting and small electrical appliances, and LPG for cooking
and heating [21]. PV panel assembly in SA totals about 6 MW per annum [40].
Another quite different principle of solar thermal power, a form of distributed
generation, is the heat pipe, where a large vertical pipe, using the chimney effect,
draws from under a large, horizontal, heating surface and drives the air vertically up,
turning a turbine at its base. This is being seriously considered for the Northern Cape
and design work is being undertaken for it at the University of Stellenbosch. It will
have a peak capacity of 200 MWe.

Even though the most existing DG in South Africa is hydro, there is little potential for
expanding in South Africa except for small schemes in remote locations. Not much is
mentioned about new DG projects using hydro.

The different cases of emerging distributed generation mentioned above gives an
idea of the possible outlook of South African power industry in the future. Distributed
generation would play a significant role and the penetration of DGs will be rapidly
increasing in the next 20 years. Eskom supplies approximately 95 % of the country’s
electricity requirements [23]. This implies that independent power producers supply
the remaining 5%, mainly in the form of distributed generation. Distributed generation
is estimated to contribute about 25% of energy worldwide by 2010. South Africa can
be estimated to have between 20 and 30% or more energy supply from DG by the
year 2020. Table 3.3 below shows a potential of about 30% DG by the year 2020. It
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is therefore very critical for South Africa to assess the possible impact of increasing
distributed generation on the power system.

Various reasons led to the development of DG in SA. These include political
motivation for the Transkei generators, cost effective options for the sugar mills,
paper mills, Sasol and the various municipalities. Eskom and some municipalities
developed DG for peak shaving purposes. Most of the gas turbines are peaking
stations. Most of the existing DG systems have been operating well remotely,
meaning that the systems were viable. Connection to the grid might increase its
viability. In most cases the viability of DG depends on regulation and prices and

costs.

DG Type Location Future Potential
KwaZulu Natai 150 MW’
Wind Power Eastern Cape 400 MW
Western Cape 600 MW
Northern Cape 50 MW*
Solar power North West 50 MW
Eastern Cape 50 MW
Southern Cape
Northemn Cape
Gas (CCGT) Gauteng 2000 MW
Mpumalanga
KwaZulu Natal
Hydro Various parts of the country 6960 MW
. Various industries around the
Cogeneration country 3445 MW
Total 13705 MW

Table 3.3: DG Potential and Location in South Africa [21] [40]

A wide range of barriers affects the grid interconnection of DG projects [24]. These
barriers include direct utility prohibition, exit fees, connection charges, utility
operational requirements etc. Resolving barriers to interconnection is a critical step
toward achieving the full potential benefits of DG and realising the market
opportunities that DG technologies can provide.

The cost of energy production using DG is decreasing meaning that DG will be in a
better position to compete with central generation. This is illustrated by the significant
DG cost decreases of the Non-Fossil Fuel Obligation (NFFQ) achieved in England
and Wales. A comparison of the NFFO3 (1994), NFFQO4 (1997) and the NFFO5

! Estimated roughly based on the wind speeds of coastal areas and pilot project in the Western Cape
% Fstimated by using increase rate of PV assembly of about 6 MW per year (up to 2020)
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(1998) is shown in table 3.4. In South Africa, the various pilot projects around the
country and the various world trends will be used to establish indicative costs for DG.
Indicative costs for DG are not disclosed in public domain and this is a limitation on
the scope of this thesis.

NFFO3 NFFO4 NFFO5
Large Wind 3.98 - 5.99 3.11-495 2.43 - 3.14
Small Wind - - 3.40 — 4.60
Hydro 425485 3.80 - 4.40 3.85-4.35
Landfill Gas 3.28 - 4.00 2.80-3.20 259 -2.85
Waste System 3.48 — 4.00 2.66 — 2.80 2.34 - 2.42
Biomass 4.90 - 5.62 549-579 -

Table 3.4: Successful Bidding Prices in British Pence/kWh [14]
3.5 Summary

The formation of Eskom, the main utility in South Africa, in 1923 saw the
development of central generating stations (some were remote grid). The economies
of scale also favoured this development. Power quality demands increased in the
country. As a result smaller generating units were built to address reliability and
some of the power quality concerns. A number of customers opted to own and
operate a significant number of small generators. Some of these generators still
exist.

Various international trends in the development of distributed generation are
witnessed in the country. These trends are seen to be laying the groundwork for the
widespread adoption of DG in the country. These trends include technology
advances, environmental pressures, and power industry restructuring, renewable
energy resources, political motivation, customer choice, and utility choice. Cases of
emerging DG are evident in the country. Several local institutions currently do various
projects and research projects on distributed generation. The South African
government is also involved through the NER in driving the development of
distributed generation in the country. It is clear that distributed generation will play a
major role in the country’s electricity supply industry. South Africa will have between
20 and 30% or more energy supply from DG by the year 2020.
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CHAPTER FOUR

Development of Transmission Pricing in South Africa

Eskom formed the Transmission Group, in the South African power industry, in
January 1991. The Transmission Group was formed from what used to be the
delivery arm of Eskom’s Generation Group. Some substation assets that were
previously in the hands of the Distribution Group were transferred to the
Transmission Group for the transport of electrical energy from power stations to the
interface with localised distribution networks. The formation of this group raised the
issue of how to fund this operation. The group was formed in an effort to un-bundle
Eskom services. This chapter reviews a variety of methods that have been in use
and also investigates the proposed transmission pricing methods for the future.

4.1 Principles of Transmission Pricing in South Africa

The principles on which the fransmission prices in South Africa were based at the
beginning of transmission pricing in the early nineties (tfransmission pricing did not
exist before that in SA) were [13]:
* Transmission prices should be cost reflective: Indicating to the customers the
cost of supplying their specific needs.
*  Transmission prices should be fair: Allocating costs among customers
according to the burdens they impose on the system.

* Electricity prices must raise sufficient revenues to meet financial requirements

The early experience of transmission pricing in the country led to changes in the
principles of transmission pricing. Some of the principles that followed in designing
fransmission prices in South Africa are as follows:
* The prices should signal location advantages for investment in generation
and demand.
+ Be simple and transparent.
* Compensate owners of the existing transmission assets.



Chapter Four Principles of Transmission Pricing in South Africa
* Signal need for investment in the transmission system.

The pricing methods described in this chapter were developed by Eskom on the
basis of the above principles. Some of the principles were realized and some not.
Cross subsidization among customers and wide price variations has been the main
problem in designing the pricing methods. The following sections describe the
various pricing methods utilised in South Africa from the early nineties to date.

4.2 Transmission Pricing from 1991 to 1994

The transmission tariff, used to price electricity sales between the Transmission
Group and the Eskom Distributors was first implemented in 1991. The tariff was in
line with the concept of a single buyer model. The Transmission group bought energy
from the Generation Group {(power stations) and sold it to the Distribution Group,
including a small mark-up in the unit price, to obtain the revenue requirements for a
specific year through this price differential.

The tariff (similar to T1 and T2 shown in appendix 1) consisted of four Time-of-Use
energy charges and a maximum demand charge, which was based on maximum
demand, recorded during peak or standard tariff periods. Each of the five Eskom
Distributors was billed based on the recorded electricity consumption at each of the
Main Transmission System (MTS) substation. This tariff recovered revenue from five
Distributors in three ways [13]:

* Revenue from Base Sales

* Revenue from Budgeted Sales to Customer Incentive Scheme (CIS)

customers
* Revenue from Growth Sales

According to Mountain [13] the revenue derived from Base Sales was calculated by
adding the total budgeted fixed costs of the Generation and Transmission Groups for
that particular year and was divided by the total kWhs sold by the Transmission
Group for the previous year. This gave a c¢/kWh charge. This charge was then
multiplied by the total metered kWh at each MTS substation.

For Budgeted CIS Sales, the charge was based on the short-term marginal costs of
Generation and Transmission. The average marginal rate was the same as the
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marginal rate paid by Transmission to Generation, plus the marginal costs of
Transmission losses. The variable energy rates of the base load power station were
used in calculating the average marginal energy costs for Generation. For example,
in 1993 the average marginal energy cost was 0.93 c/kWh. To account for exira
losses, an extra 0.02 ¢/kWh was added. In addition, for every extra kW of capacity
that Transmission purchased from Generation in an hour (standby charge),
Transmission paid an extra 1.5 ¢/kW. Therefore the cost of CIS sales to the
Distributors was calculated to be 0.93 + 0.02 + 1.5 = 2.45 ¢/kWh [13].

The tariff for electricity sales above budget (growth) was meant to cover the marginal
variable costs. In calculating the price at which growth sales were 1o be charged, the
price of the CIS sales of 2.45 ¢/kWh (discussed in the example above) was increased
to 3 o/kWh to give the Distributor an incentive to budget their CIS deals as accurately
as possible [25].

Variations in the eventual sales to the end customers (compared to budget sales)
caused the Transmission Group to over or under recover the required revenue. This
meant that the Transmission Group was exposed to full volume risk without much (if
any) influence on the eventual volume of sales.

4.3 Transmission Pricing from 1994 to 1998

In the early years of the existence of the Eskom Transmission Group, the Power
System Planning Department identified the need to develop a pricing mechanism
more in line with the needs of a transmission company. What later developed into
Transmission Economics, Market Administration, and eventually Power Pool
Operations, initiated a process to develop Transmission Pricing. A literature survey
conducted between the formation of the Transmission Group and 1994 managed to
reveal some ideas on Transmission Pricing. A methodology from New Zealand,
called the “Usage” method was adopted and the Eskom Transmission network was
analysed using this method [13]. In 1894 the Transmission Group introduced its first
attempt at the pricing of the transmission function separately from the cost of energy,
even though it still performed the “Single Purchaser” function as middieman between
Generation and Distribution.
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In January 1994 a new tariff structure was implemented by the Transmission
Economics Department. This tariff was intended to be as cost reflective as possible.
This was done by incorporating in the tariff the economic signals related to the cost of
supply. No premium was added to earn income for the Group. The tariff was made
up of the following components:

*  Network Charge

*  Time Of Use Charge

¢ An hourly marginal rate

The network charge was based on the historical relative use of the system by a
particular point of supply and the reserved capacity allocated 1o it. This charge was a
fixed monthly payment in respect of a point of supply (MTS substation). This was
calculated to recover Transmission’s revenue requirements. The practical calculation
of the network charge was a complex process that was based on simulating load
flows at various points of the fransmission network.

The negotiated baseline load for every supply point on the MTS formed the basis of
the Time Of Use charge. This baseline load was defined as the total metered energy
at all MTS substations. Using the knowledge of the half-hourly energy consumption
for every MTS substation for everyday of the previous year, the time of use charges
were calculated for all energy metered at each MTS substation.

The hourly marginal energy comprised of two items i.e. the marginal cost of supply
and the marginal outage cost. The marginal cost of supply was a function of the
short-term marginal cost of generation at the short-term marginal power station and
the short-term marginal transmission cost up to the point of supply. The marginal
outage cost was equal to the loss of load probability multiplied by the value of the
unserved energy [10].

This transmission pricing system resulted in wide variations of the transmission
portion of prices across the country {up to a high of about 20 times the average
transmission price), applied only to the selling side of the business [26]. Generators
did not pay for the benefit of being connected to the transmission network.
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4.4 Developments of Transmission Pricing from 1998

Immediately after the implementation of the pricing system for Transmission Group,
work started on the development of an improved pricing system. More information
was available, and the selection process indicated that price stability would be
enhanced by the use of the North American pricing system called the Distribution
Factor Methodology (DFM). This pricing system has its roots in wheeling transactions
as the MW-Mile pricing system, taking into account volumes as well as distance
when caiculating prices for electricity wheeling transactions. By changing the system
to cater for open access in a utility, as opposed to wheeling through a utility, the MW-
Mile pricing system became known as the DFM pricing system.

An analysis of Transmission Group’s cost structure and cost drivers indicated that
fixed cost dominated the picture for more than 80% of the cost of transmission, and
that maximum usage of the transmission network by a customer was an important
cost driver. The DFM pricing system was adapted to focus on long-term costs and
maximum usage of customers, in order to be in line with the needs of the
Transmission Group [26].

In 1998 the DFM based transfer prices were implemented, with the Transmission
Group charging 50% of its cost to generators and the balance to loads. This enabled
the Transmission Group to send price signals to both sides of the Electricity Supply
Industry (ESI).

4.4.1 Pricing Between the Transmission and Distribution Groups

The Transmission Group allocates the sole use of cerfain capacity, known as
reserved capacity, at each point of supply to Distribution. The magnitude of the
capacity is negotiated annually between both parties and serves as a basis for
calculating the Network Access Payment for the Transmission network. The reserved
capacity at each point of supply for the year 2001 is shown in appendix 2 [28].

Distribution provides the Transmission Group with a maximum demand forecast for
each point of supply for the following year. This is done on an annual basis and
usually before the end of September. This forecast is used in negotiations for
reserved capacity for the following year. 1t is also used by the Transmission Group to
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plan and implement system additions necessary to supply Distribution. System
additions, agreed 1o and provided by the Transmission Group for ensuring adequate
quality of supply standards at specific points of supply attract revised network access
payments.

Adequate bi-directional metering equipment, with a metering interval of thirty
minutes, measured on the half-hour, combining to loads, for metering the supply at
the metering points of each point of supply are installed and kept in good working
conditions by the Transmission Group. Energy can also be wheeled between the
networks to a third party and the owner of the network used levies charges [28].

4.4.2 Components of the Transmission Tariff

The items that make up the monthly bill sent to Distribution in respect of each point of
supply are the network access payment and the energy charge. In calculating the
network access payment no diversity benefits are granted to Distribution.

4.4.2.1 Network Access Payment

The network access payment consists of two components. These are the
Infrastructure charge and the Reliability Service charge.

Distribution pays a monthly charge for reserved capacity to the Transmission Group
at each point of supply. This charge is known as the Infrastructure charge. The
charges for 2001 are shown in Appendix 2. The infrastructure charge recovers the
annual transmission revenue. It is generally proportional to the usage of the
transmission network required to supply a unit of power at each point of supply and
the magnitude of reserved capacity agreed between the Transmission Group and the
Distribution Group for that point of supply.

The methodology currently used in calculating the network charge can be briefly
explained as follows: Firstly, the average network charge is calculated. This is
achieved by dividing the total transmission revenue requirement by the total reserved
capacity for the year in order to obtain a R/kW/year value. The approximate average
network charge for 2001 was R28.88/kW/year. The average network charge is then
scaled according to the various concentric regions in the country. The applicable
percentage surcharge per concentric region is 0%, 1%, 2%, and 3% as shown in
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Figure 4.1. An in depth description of the methodology used in calculating the

network charge is covered in the section on Eskom’s proposed transmission tariffs.

Figure 4.1: Concentric Regions and Percentage Surcharges [29]

Distribution also pays a reliability services charge, which is intended to recover the
cost of acquiring ancillary services used to operate the Transmission network
according to the quality of supply standards. The Transmission Group purchases
ancillary services from the Eskom Generation Group. Table 4.1 in the next page
shows the agreed ancillary services, the associated cost of the ancillary services, the
annual payment from Distribution for the ancillary services as part of the reliability
service charge and the charge payable for the reliability services. These are
approximate figures for the year 2001. Transmission network losses are also viewed

as a reliability service.
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Feliability
; Cost of .
Ancillary Service costto . Rate (R/MWh)
. Anclitary s oo Price Structure
Service Service (Rm) Distribution or Charge [R]
(Rm)
load following 300.00 143.30 R int of
(AGC) per point 0
supply
Fixed charge
Network differentiated in
Stability 210 1.00 R per point of
supply
. Fixed charge
Reactive Power differentiated in
and Voltage 24.60 11.80 R per point of
Control (SCO) supply
Energy Fixed charge
Imbalance differentiated in
{Constrained 17560 89.90 R per point of
Generation) supply
An average
R/MWh for
actual off take
Transmission differentiated
MNetwork losses 546.00 260.90 per point of 89.96
supply
according to
loss factor
Fixed charge
differentiated in
Black Start 17.00 8.10 R per point of
supply
Fixed charge
differentiated in
Heserves 140.00 66.80 R per point of
supply
Fixed charge
. differentiated in
Admin Fees 116.00 8490 R per point of
supply
Table 4.1: Annual Network Access Payments [28]
4.4.2.2 Energy Charge

The electrical energy supplied to Distribution at the points of supply by the

Transmission Group is charged for in accordance with the Eskom Power Pool Rules.

According to the Eskom Power Pool Rules [30], the electrical energy price is
equivalent to the Pool QOutput Price (POP). This price is calculated in R/MW/h and is

given by the following equation:

POP, = P!Pl + UP}
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Where:
POP - Pool Qutput Price
PIP - Pool Input Price
up - Uplift Price
i - Hour

The pool input price is equal to the sum of the system marginal price (SMP) for a
particular hour and the capacity price for that particular settlement. The uplift price is
a constant value, adjusted as required by the Pool Administrator and it consists of
costs for Reserve, Available Capacity, Bundled Ancillary services etc.

The price variation across the country is less than with the 1994 pricing system, in
the order of up to 10 times the average price. Development work continued and work
started on the development of a Wholesale Electricity Pricing System (WEPS) for
Eskom. A working group that included the National Electricity Regulator (NER}, and
various industry representatives, as well as participation from the Generation and
Distribution Group was formed to assist and give direction towards the development

[27].
4.5 Future Transmission Pricing in Eskom

The development of Transmission pricing in Eskom from the period when the
Transmission Group was formed led to the development of a new and better pricing
method. The aim of this transmission tariff is to reduce the price variation across the
country even further 1o a maximum variation between zero and twice the average
price. This tariff will be applicable to the transport of energy, and will not include a
charge for energy at all.

The new Transmission Tariff will only be implemented once the plans for the
Regional Electricity Distributors have been finalised. This would be the most
appropriate pricing mechanism with the restructuring of the South African Power
Industry taking place and the introduction of new pricing methods in the Eskom
Power Pool (EPP) i.e. WEPS.

The new tariff proposed by Eskom Transmission Group recovers the cost associated
with the running of a transmission system on an annual basis through the
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transmission tariffs to the users of the transmission system. A few categories of cost
exist. Firstly there is the cost associated with building, maintaining and operating a
transmission network, the main transmission business. Secondly there are costs to
finance transmission assets used to connect specific customers. The third cost
relates to the energy consumed as real power losses on the transmission network.
Finally there are costs involved with the purchase of ancillary services that would
ensure the reliable operations of the transmission network.

4.5.1 Components of the New Transmission Tariff

In the new tariff, all charges are designed to recover 50% of the income from
generators and the other 50% from loads. Four components are used to recover the
various costs incurred by Transmission Group. These four components are:

» Network Charge

* Transmission Losses Charge

* Connection Charge

» Reliability Services Charge

The network charge and the transmission losses charge are based on a technical
analysis of power flows in the transmission system, with maximum demand/installed
capacity used for network charge and energy used for the transmission losses
charge. The connection charge is based on the cost of assets used for the benefit of
a single customer or a small number of customers, and the reliability charge is
determined by energy usage and the cost to the Transmission Group to produce
ancillary services.

4.5.2 Revenue Requirement for the Transmission Group

The revenue requirement for the Transmission Group is determined at corporate
level where the three Eskom line groups are represented and the expected revenue
for a year is distributed between the line groups. This annual cost should be sufficient
to cover all the core needs of the Transmission Group during that year, for operations
and maintenance, for finance costs, for depreciation, for overheads and also for a
proper return on investments made in the transmission infrastructure and related
equipment. Once the fotal revenue required for the core transmission business is
known, the network charge can be determined.
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The cost of transmission losses is equal to the volume of energy consumed as losses
on the transmission network, multiplied by the energy tariff (determined by
Generation Group). The volume of energy expected to be consumed as losses is
estimated by doing load flow simulations, by comparing the results with the figures
obtained during preceding years, and by taking into account known factors that affect
the volume of losses experienced on the system.

The cost associated with the connection of specific customers and the revenue
required to purchase all necessary ancillary services is easier to calculate. The
connection costs are easy to identify since the assets used for this purpose are
known. Costs associated with new assets used for the sole benefit of a single
customer are added together to find the revenue requirements for this category. For
the revenue requirement for reliability cost, estimation with reference to previous
years and in consultation with System Operations and the suppliers is made during
the budgeting cycle.

4.5.3 Calculation for Transmission Tariff Components

The four components of the tariff are calculated as follows:

4.5.3.1 Network Charge

The network charge has the function of recovering the cost of the infrastructure
creation and maintenance used for the transport of energy. To calculate network
charge, the transmission system database has to be updated annually with the most
recent replacement costs for all assets. The system should be correctly configured

for the year which prices will be calculated. All assets planned to be commissioned
during the year in question should be included in the system model.
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Installed capacities from all generators are made available to Transmission Group
before the year of calculation. Similarly, for loads, all points of connection between
the Transmission system and the Distribution system submit the reserved capacities

Figure 4.2: Transmission Pricing Zones [27]

to Transmission before the year of calculation. The system model consists of eight

geographic pricing zones where the generators and loads are located. These zones
are shown in figure 4.2 above.

A load flow simulation using a DC approximation of an AC system is done. Starting
with a case where all loads and generators are on the system does this. Available
generation is dispatched in proportion to the installed capacity to match generation
and load. The direction of power flow is then determined on every branch in the
simulation model. Following this, a load flow simulation is done for each and every
generator on its own, connected to all loads, which are reduced in size to the total
ratio of its reserved capacity that is equal to the generator’s size to total generation.
The next step is to do load flow simulations for each and every load point on its own,
supplied by all generators simultaneously, but reduced in output to a value equal to
its installed capacity times the ratio of the specific load relative to total load.

The output of the above simulation is used to determine the proportion of each
transmission asset that is used for the benefit of each load and of each generator.
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The total value of transmission assets used for each load and each generator is
calculated, as well as the percentage of transmission assets allocated to all users
combined. From this the average utilisation factor of the transmission system, based
on peak loading is determined.

The different zonal prices are calculated by first allocating the network portion
intended for security of supply and for redundancy on an average basis. This portion
is calculated as an average charge per kW of demand for loads and per kW of
installed capacity for generators. Secondly, the utilised portion of the network is
priced. This is done by using the allocated assets for each user, and the prices then
reflect geographical location. The prices for the use of the network are then obtained
by combining prices for both portions of transmission assets. An example of how to
calculate the network charge is done below.

Example

The approximate reserved capacity for all eight loads and the installed capacity for
the eight generators for the year 2001 are used and these are shown in table 4.2
below.

Region Number Type Mw
; Load 1 5000
Generator 1 25000
9 Load 2 15000
Generator 2 2400
Load 3 5000
8 Generator 3 1000
4 Load 4 2000
Generator 4 3000
Loads 1000
> Generator 5 750
6 Load 6 1000
Generator 6 1
. Load 7 3000
Generator 7 1850
8 Load 8 2000
Generator 8 1

Table 4.2: Approximate loads and installed capacity for the eight regions (2001)
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The total capacity for all the loads amounts to 34 000 MW and so does the total of
the installed capacity for the generators. The amount allocated to transmission from
the 2001 budget was roughly R1963 million. Table 4.3 below shows the capacity of
the lines connecting the various geographic pricing regions in the country and the
rand values of these capacities. Table 4.4 shows the actual amount of flow in the
assets connecting the regions and the rand utilised value of these.

Asset | Capacity MW | ValueR Asset | Actual Flow MW | Value R
Line 1-2 16000 2797 Line 1-2 12600 2202
Line 1-3 11000 2277 Line 1-3 4000 828
Line 1-4 18000 4802 Line 1-4 3388 807
Line 4-5 10500 1948 Line 4-5 4398 815
Line 5-6 1500 607 Line 5-6 999 404
Line 5-7 7000 2180 Line 5-7 1150 360
Line 5-8 5000 2254 Line 5-8 1999 901

Total 16873 Total 6417

Table 4.3: Network Capacity and Value Table 4.4: Utilised Capacity and Value

3

Load =0
Generation = 147

4

load=0
CGeneration = 441

5

load =0
Generation = 110

7

Load =0
Generation = 272

Figure 4.3: Load 1 Model
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The total utilised value of assets is about 36% of the total capacity. The value of
spare capacity is about 64%.

The network charge for each region (e.g. load 1) is calculated by scaling down all the
generators such that they supply the capacity for one load, with all the other loads
equal to zero. In this case the capacity of load 1 is 5000 MW as shown in table 4.2.
The scaling factor for the generators is about 14%, caiculated by dividing the total
capacity for load1 and the total system load. A load flow simulation is done with all
the scaled down generators supplying load 1 and all other loads equal to zero.

The actual flow on the system as a result of supplying load 1 is obtained after the
load flow simulation. A model of this is shown in figure 4.3. The rand value of the
utilised capacity is then calculated. A rental factor is used to calculate the rand value
of the capacity used when only load 1 is connected to the system. The rental factor is
obtained by dividing the Transmission budget amount by the total utilised value. In
this case the rental factor is as follows:

Budget  amount <50%

rental  factor = —
Total  wutilised  value

rental  factor = RI963 _ Million x0.5=15.3%

6417

The rent to be covered by load 1 is obtained by multiplying the rental factor with the
total utilised value of connecting only load 1 and the rest of the scaled down
generators. In this case the rent is calculated to be:

rent =rental factor xtotal utilised value =15.3% x ~468 = ~72

A R/kW/year charge is obtained by dividing the rent by load 1 and multiplying by one
hundred as follows:

rEM 100 = 1% %100 = ~14.30R / kW | year
Loadl 5000
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The network charge is found by making an adjustment to the above R/kW/year value
by incorporating the average price for spare capacity. The price signal, obtained by
making use of the utilised capacity, is added to the average price of the spare
capacity, to obtain the network charge for load1. The average price is given by the
sum of the rent by all the loads divided by total capacity of the loads times one
hundred. In this case this gives 28.88 R/kW/year. The average price for spare
capacity is given by multiplying the percentage of spare capacity with the average
price. The price signal is given by muitiplying the percentage of utilised capacity with
the R/kW/year charge of —14.30 obtained in the above calculation. When the price
signal and the average price are added together, the network charge for load 1 is
obtained. The percentages of spare capacity and the utilised capacity for the year
2001 are 64% and 36% respectively. Therefore the average price for spare capacity
and the price signal for load 1 is 18.49 and -5.14 R/kW/year, and the Network
Charge for load 1 is the sum of the two, which is 13.34 R/kW/year.

The method used in the calculation of the Network charge for load 1 above is applied
in the calculation of the Network Charges for the other loads and generators. Figure
4.4 below shows the loads and installed capacities for 2001 and the net flow of
energy on the transmission network. Also shown in the figure are the approximate
network charges to all the loads and generators for the year 2001. These charges
are also shown in table 4.5 and 4.6 below.

Hent R/KW/yr Hent R/kWiyr

Load 1 66.68 13.34 Gen 1 850.73 34.03
Load 2 344.37 22.96 Gen 2 58.58 24.41
Load 3 123.67 2473 Gen 3 22.63 22.63
Load 4 58.05 28.03 Gen 4 58.03 18.34
Load 5 38.25 38.25 Gen 5 6.86 8.14
Load 6 60.54 60.54 Gen 6 {0.01) {13.51)
Load 7 166.36 55.45 Gen7 (14.96) (8.09)
Load 8 126.10 63.05 Gen 8 {0.02) {17.61}
Total 882 Total 982

Table 4.5: Charges for loads

&3

Table 4.6: Charges for generators
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2

Gauteng 1
Load 2 = 15000 MW Mpumalanga
@ 22.98 Ridiyr Load 1 = 5000 MW
Gen 2 = 2400 MW @ 13.34 RANyr
@ 2441 RWiyr Gen 1 = 24998 MW

@ 34.03 RiWiyr

3

KZN
Load 3 = 5000 MW
@ 24.73 FikW/yr
Gen 3 = 1000 MW
@ 22.63 FkWiyr

Load 4 = 2000 MW

@ 28.03 RARW/yr
Gen 4 = 3000 MW
@ 19.34 R/kWiyr

3]
NC
Load 6 = 1000 MW
@ 60.54 RAcWiyr
Gen 6 =1 MW
@ -13.51 Riiwiyr

Average Price = R 28.88 /KWiyr

SFS/Central Caph
Load 5 = 1000 MW
@ 3B.25 Rfikidiyr
Gen 5 = 750 MW
@ 9.14 RAWivr

Load 8 = 2000 MW

Load 7 = 3000 MW @ 63.05 RAKW/yr
@ 55.45 RiWiyr Gen8= 1MW
Gen 7 = 1850 MW @-17.51 BKWiyr

@ -8.09 Ry

Figure 4.4: Loads and Installed Capacities for 2001

4.5.3.2 Transmission Losses Charge

The Transmission Group only focuses on technical losses. This occurs when more
power is measured to be delivered into the transmission network by power stations
than is measured to be delivered from the network to re-distributors. The
Transmission Group charges both generators and loads a transmission losses
charge, reflecting the relative amount of losses associated with a specific position on
the network for a generator or load. 50% comes from generators and the remaining
50% from loads.

To calculate transmission losses, an analysis of the actual measured losses during

previous years is done first. Then corrections are made for the known factors that
have major influences on transmission losses. All future plans regarding these known
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factors are taken into account for the following year, and the expected percentage of
transmission losses can be estimated in this way [28].

When the calculation of transmission losses charge is done, the instalied capacities
of generators and the reserved capacities for loads are known by the Transmission
Group. These values are used in a simulation of the network (using the P/SSE
software tool) where the system load is scaled to the average demand of the
network, which is iotal budgeted energy divided by 8760 hours in the year [26].

The standard technique to calculate marginal loss factors is used in the calculation of
the loss factors for generators and for loads. For example:

Load A =1000MW

Planned Energy Delivered = 200274GWh

Hours [ year = 8760

Energy Delivered 200274GWh
Hours [ year - 8760

- Average Load = = 22862.3MW

A load flow simulation is done with reserved capacity loads scaled down to realise a
system load of 22 862 MW as explained above. Generators are scaled down in order
to supply this load as well as losses. Generation level as well as losses are noted
down, say 686 MW in this case (which is about 3% of load). To calculate loss factor
for Load A {1000 MW), Load A is increased by 100 MW to 1100 MW, All the other
loads are kept constant at their previous values. Total generation is increased by 100
MW using scaling of the generator facility. A new load flow simulation is then done
and the losses recorded. If the new losses are 690 MW, this means the losses
increased by 4 MW when Load A was increased by 100 MW. Therefore the loss
factor would be 1.04 meaning that there is a 4% loss for Load A. If on the other hand,
the new losses were 680 MW, then this would mean that losses decreased by 6 MW
when Load A increased by 100 MW. Therefore the loss factor is 0.94 meaning that
there is 6% losses for Load A.

4.5.3.3 Connection Charge
The connection charge exist in two parts, namely the transformation charge to all

users (new and existing) to cover the cost of transforming the voltage from
transmission voltages (220 kV and above) o lower voltages (132 kV and below), and
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a customer specific connection charge to new customers to cover any expenses
incurred for the benefit of the new customer [26].

New connections to the transmission network that require minimal investments in
transmission assets are connected using the existing network charge, and the
connection charge will be calculated as for existing customers, using the
transformation charge applicable to the situation. If the customer requests a
connection where new assets have to be installed in the substation, the connection
charge will reflect actual cost to accommodate the customer’s requests.

A new customer connecting to the transmission network will have to pay a
connection charge based on the full cost of dedicated assets for the express benefit
of this new customer. For transmission assets not dedicated to this new customer,
the principles used to calculate the sharing of assets for the network charge will be
used to determine the portion of the new asseis that has {o be paid for, as part of the
connection charge. In short this means a load flow simulation has to be done with
only the new load on the system, and with all generators supplying this new load,
each generator in proportion to it's contribution to total generating capacity. The
portion of the new transmission assets used as indicated by this simulation will
indicate the portion of the cost of the new assets that has to be included in the
connection charge to the new customer.

4.5.3.4 Reliability Services Charge

The purpose of the reliability charge is to earn revenue to pay for the purchase of
ancillary services from mainly the generators, but also from industrial customers in
certain cases. The total budgeted cost of ancillary services are determined by the
relevant Transmission Group officials, and an energy rate is calculated for the
reliability charge that would allow the specific amount of budgeted revenue to be
collected based on the budgeted amount of energy to be generated and delivered by
Transmission Group. It would be beneficial for the Transmission Group to enter into
contracts with the bigger players in order to reduce the risk of being caught in the
middle if costs of ancillary services spiral and income from reliability services fall
short due to lower than budget sales of electrical energy.
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4.6 Summary

The transmission tariff was first implemented in 1991 after the formation of the
Eskom Transmission Group. The transmission fariff used between 1991 and 1994
was in line with the single buyer model where the Transmission Group bought
electrical energy from the Generation Group and sold it to the Distribution Group. The
tariff used recovered revenue from the Distributors in three ways, which included
revenue from Base Sales, revenue from Budgeted Sales to Customer Incentive
Schemes (CIS) customers, and revenue from Growth Sales. The Transmission
Group over or under recovered the revenue as a result of the variation in the
eventual sales to end customers. Since the Transmission Group was exposed to full

volume risk, a development of a better pricing method was initiated.

The Transmission Economics Group in 1994 implemented a new tariff structure. This
tariff was made of three components: Network Charge, Time Of Use (TOU) Charge,
and an Hourly Marginal Rate. The variations in the transmission prices across the
country were wide (up to a high of about 20 times the average transmission price) but

better than the first transmission-pricing tariff.

The wide variations in the transmission prices led to a further development in
determining a better pricing method. As a result, in 1998 a new tariff was adopted.
This tariff was based on the Distribution Factor Methodology, with the Transmission
Group charging 50% of its cost to generators and the balance to loads. This resulted
in the Transmission Group sending price sighals to both sides of the Electricity
Supply Industry (ESI). The new tariff consisted of a network access payment and an
energy charge. The prices differed and depended on the location of the customers in
South Africa. The country was divided into four pricing zones. The price variation
across the country was less than that of 1984,

Further developments in the fransmission pricing system led to a proposed
transmission pricing method to be used in future after the deregulation process is
complete. This pricing method involves a change in the zonal pricing method, moving
from the four pricing zones to a regional pricing method with eight regions. This
method is meant to be in line with the proposed structure for the Electricity
Distribution Industry (EDI) and the Electricity Supply Industry (ESI) as well as the
implementation of the Regional Electricity Distributors (REDs) and the Wholesale
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Electricity Pricing System (WEPS). It is not clear how this will operate, as the
proposed REDs comprise six regions whereas the pricing method comprises eight
tariff zones. It appears that several REDs will purchase in more than one tariff zone.
This shows that this pricing method is not designed in a way that the tariff zone

matches the distributor boundaries.

The variations in the Transmission prices across the country would be reduced even
further with the implementation of this pricing method. This method has a potential of
reducing the prices to a maximum variation between zero and twice the average
price. This tariff will also be applicable to the transport of energy, and will not include

a charge for energy at all.
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CHAPTER FIVE

Network Pricing in other Countries

Network pricing is a vital part of electricity transmission pricing. This chapter reviews
network-pricing methods in Australia, and England and Wales. The key principles
that are closely looked at are geographic price signals, cost reflective nature of the
charges, and the extent of economical signals sent by these charges. A comparison
with the South African network charge is carried out towards the end of the chapter.

5.1 Transmission Use of System (TUoS) Charges in England
and Wales

The National Grid Company (NGC) operates the transmission grid in England and
Wales. The costs of transmission are recovered in two ways. NGC’'s own costs are
met through its charges for connection (to Regional Electricity Companies RECs and
generators) and for use of the transmission system by generators and suppliers
(transmission use of system TU0S charges). Other transmission related costs are
dealt with by the Pool [31].

NGC’s charges comply with rules laid down in the company’s licence. The licence
requires that NGC does not discriminate between any of its customers, and specifies
the maximum amount that the company can charge for existing connections, and in
TUoS charges [32].

The TUoS charge sends geographical messages. The initial charges divided the
country into 11 zones, and set zonal prices for peak demand, registered generation
capacity, and energy generated. Generation in London was free; that in the north
paid the highest charges, while demand was cheapest in the north and most
expensive in London [31]. Demand charges were based on each suppliers triad
demand: the amount taken during the 3 half-hours of highest demand that were at
least 10 days away from each other. The energy charges for generators were
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constant proportion of the capacity charges: a station that spent the year without
generating would only pay 60% of the bill {per kW) for a station that ran continuously
[31]. Figure 5.1 shows the 1990/1 demand and generation charges in each of NGC’s
zZones.

© Diemand
{ensration *

Figure 5.1: The 1990/1 Demand and Generation Charges [31]

In 1992 NGC reviewed its pricing methodology [31]. Several methodologies were
considered. A method called Investment Cost-Related Pricing was chosen by the
NGC. This method was aimed at producing a more stable message, and which has
been calculated in a transparent manner. NGC uses a simple model to asses the
cost of expanding the system to cope with additional demand or generation at each
node in turn. The model is a linear programme which minimises the MW-km of
transport, assuming that electricity flows along the shortest route between nodes with
net generation and net demand [31]:

Find x; to minimise  Cy I
Subjectio xz=G,;— D;for all nodes |
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Where x; is the flow in MW from node i to node j, C; is the distance from node i to
node j, G; is the generation at node /, and D; is the demand at node i. The distances
are measured along NGC's existing wayleaves, and increased along those
wayleaves where the wayleave only gives permission to an underground line, to
reflect the higher cost of those lines. The demand at each node is equal to the
forecast peak demand at that node, while the generation capacity at each node is
scaled down by the ratio of the forecast level of demand to total generation capacity.
(This ensures that the forecast generation equals demand, but does not reflect the
likely distribution of actual generation, treating high and low cost stations equally).
The model calculates the extra transmission capacity (in MW-km) required by
additional demand at each node, which is muitiplied by an expansion constant
(£24.91 per MW-km in 1996/7) to give the marginal cost of that demand [31].
Northern generation and southern demand increase NGC’s costs, while the marginal
cost for southern generation is actually negative.

Points with similar costs are grouped into zones, and the transport charge for each
zone is based on the average cost of the points within it. NGC demand charges are
based on the average triad demands, which is inevitably below the peak demand,
and so the raw transport charge is scaled up to reflect this difference [32]. Generation
charges are based on registered capacity, rather than output, but the transport
charge is no longer adjusted to reflect this. (The exception is where the charge is
negative: NGC will only pay generators for an amount of capacity equal to their
highest metered output (also on a triad basis) during the winter). Until 1996/7, the
same zones (11 at first, then 14) were used for generation and demand charges.
From 1997/8, however, NGC has been using different zones for demand and
generation. Each REC is now a single demand zone, which greatly simplified the task
of organising competition in supply — a supplier need only know which REC’s area a
customer is in to know the NGC TUoS charge for that customer. NGC also added
two more zones for generation in order to reflect its costs better.

NGC estimated that the transport charges for generation and demand would have
brought in £148 million if the methodology had been applied in 1992/3, while the
company would be allowed to raise £670 million from TUoS charges [31]. To raise
the remainder (£522 million in this example), NGC increased all the charges by
common amounts (in the example, £2/kW for generation, and £8.30/kW for demand.
The figures were chosen o raise three quarters of the revenue from suppliers
{(continuing the arbitrary split chosen in 1990) while maintaining the geographic
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