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Introduction

This report documents the Russian Electric Power Market Operational and Financial
Framework (REPMOFF) implemented under the Joint Russian-American Energy Alternatives
Study. This framework simulates the physical operation of the power system and alternative
power market organizational structures, and performs a financial analysis of the impact of these
alternative market structures. The framework combines the essential operational features of the
physical structure of the Russian Power System with various market structures and dispatch
rules. This framework provides a tool for detailed study of the economic and financial impact
of various investment options on the entities that make up the power system and the impacts of
potential electric power market alternatives being considered in Russia. It also analyzes the
consequences of various physical changes to the system, such as changes in demand, plant
capacity etc.

The framework’s usefulness is highlighted by the fact that presently the structure of the
Russian electric power system is undergoing a drastic reorganization. Both the Russian economy
and its power industry are in transition. Presently, the ownership structure of the Russian
electric power system consists of a number of national and regional entities, including the main
national transmission and generation company, RAO EES Rossii, the nuclear generation
company, and a number of regional generation and distribution companies or ENERGQOs. The
final ownership structure, the controlling interests, and the organizational form of the Russian
electric power system is under discussion in Russia. There was a need for a framework to assist
in both fashioning and analyzing the implications of various power market models and their
implications on operations, policy options, financial settlements, and investment requirements.
The framework enables study of the financial viability of each of the economic entities which
constitute the power system under various power market structures. It also provides a basis for
analysis and determination of wholesale prices in view of the revenue requirements of zonal or
regional generation and distribution companies. The framework can be used to study and
determine the wholesale and retail price and inter-zonal wheeling rate mark-ups which can be
earmarked for national, zonal, or regional investment funds. Finally, the framework can be used
as the basis of a simulation or planning model that will provide analysis of various generation
and transmission investment options. The current operational level framework can be used to
aid planning decisions over a short-run horizon (e.g. a year) like identifying the need for new
power plants (e.g. due to closure of existing plants which have exceeded their design life),
identifying the critical locations for investment in new power plants or transmission lines,
analyzing ownership alternatives for new investments and analyzing the need for investment in
various zones.

This work is part of the Joint Russian-American Energy Alternative Study (JEAS),
Working Group 5, to develop a long-term, comprehensive investment program for the Russian
Power Sector under the direction of the U.S. Agency for International Development and the
Russian state electric power company RAO EES Rossii. The framework will be used by the
Energy Research Institute (ERI) in Moscow for the study of power market alternatives for the
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Russian electric power sector and for the analysis of various investment options.

Section I of this report provides a summary of the main features of the Russian Electric
Power System. Section II describes the objectives and features of the framework. Section III
discusses three types of alternative electric power organization structures that are simulated by
the framework. Section IV discusses certain modelling issues specific to the Russian power
system. Section V discusses extensions to the framework such as a Simulation Planning Model
that are planned.

Appendix A describes the solution methodology used by the optimization program which
determines the optimal operation of the electric network. Appendix B provides the operating
instructions for the framework. Appendix C describes a list of terminologies used in the
operational level model. Appendix D discusses the use of the model to simulate three scenarios
based on the three alternative market structures and presents the input sheets of the model
containing data set used for preliminary analysis. Appendix E contains financial outputs
produced by the model for a specific market structure. Appendix F presents physical outputs
produced by the model. Appendix G contains sample detailed outputs of the model.
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I. Main Features of Russian Electric Power System

The Russian power industry, one of the largest in the world, provided 63% of the total
electric power generated in the former USSR. In terms of fuel, technology, and research, it has
been completely self-reliant. The Russian electric power system consists of an integrated
network, i.e. Integrated Power System or IPS, which presently includes 8 (for modelling
purposes) generation and demand zones.

The Russian power industry has a total generating capacity of more than 210 GW,
providing about 1010 TWh (million MWh) of electricity production. About 70% of the power
is generated by thermal power plants. Natural gas provides 54% of thermal plant fuel input,
with the share of oil being 18%, and coal 28%. Nuclear power stations provide around 12%
of the total electric power generated in Russia.

As is well known, recent events have necessitated drastic changes in the overall economy
in general, and the power industry in particular. The direction of these changes have been from
a completely centralized system towards a more free market structure with weaker governmental
control. The decentralization process has accelerated by transforming the existing power
production enterprises into joint stock companies.

To preserve the Russian integrated power system as a unified transmission network, and
to provide open access to power producers and consumers, all transmission lines and their
management structures were included to form the Russian Joint Stock Company for Power and
Electrification (RAO EES Rossii).

There are about 72 regional power companies within the 8 aggregate zones engaged in
both generation and distribution. However, of these, 20 had a surplus of power and the rest
were either power deficient or had no generation capacity at all, which would have resulted in
distortions in a competitive power market. Consequently, ownership of larger generation plants,
i.e. hydroelectric power stations of 300 MW or larger, and thermal power stations of 1000 MW
or larger, were transferred to RAO EES Rossii.

RAO EES Rossii presently manages the Central Dispatching Department, with six
regional dispatch centers. The Ministry of Fuel and Energy has oversight policy control over
RAO and the 72 regional power companies. A separate ownership is maintained for all the
nuclear power plants, where the oversight responsibility is assigned to the Ministry of Nuclear
Power. In addition, the Ministry of Economy is involved in the definition of the new Russian
power structure in Russia.

Apart from ownership and organizational structure, other issues affecting the direction
of the changes in the shape of the power market in Russia are the laws and regulations affecting
operations and investments, and the institutional forms of related entities, such as regional power
pools, federal and regional power commissions, banking and other financial institutions.
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The shape of things to come will obviously affect the financial and operational viability
of various market entities which constitute the power market system. Also affected will be such
fundamental decisions as which entity determines the need for new power plants or upgrades of
existing plants, the location of these power plants, who owns them, what level of investment is
required, and where the investment funds come from.



II. Objectives and Features of the REPMOFF

An important objective of the REPMOFF is to simulate alternative market structures for
the Russian electric power system, with explicit financial accounting of various independent
economic entities involved in the power market in order to determine their financial viabilities.
The market options modelled here draw from practice in the US, UK and elsewhere but the
framework has the flexibility to adapt these to the unique Russian context. This objective of the
Operational Level Framework is in accordance with the expressed objective of the staff of
Energy Research Institute (ERI) and the principal options modelled here have been developed
jointly with them. In addition to simulating alternative market structures, the framework also
performs an optimization routine which determines the optimal generation mix. The algorithm
treats the electric power network as aggregate of zones and transmission lines with explicit
treatment of inter-zonal flow limits. Due to the aggregate nature of the model there are at
present no provisions for system security considerations similar to those of optimal power flow
models. The model simulates the main operational features of the Russian power system and
provides aggregate outputs for 8 regions over a short run period, usually, a year. Regional level
analysis capability can be added for study of intra-regional impacts.

The framework organizes the Russian electric power sector into eight zones (equivalent
to the present Unified Electric Power Systems, UEPS) based on ERI’s information. Each zone
is further classified into various generating plant types. These zones are connected via
transmission lines. Figure 1 shows the power system zonal structure for Russia. This model
performs optimization to minimize the total cost of dispatching electricity under alternative
organization structures and under various system constraints like regional demand, generating
plant capacities, transmission line capacities and other system constraints. The optimization
model thus performs a least cost dispatch (generation mix) and provides various physical outputs
to the Operational Level Framework for further financial analysis. The framework then provides
various financial results for analysis, under various market structures, which include (i) Income
statements for various economic/ institutional entities involved in the market structure, (ii)
Various electricity prices and tariffs and (iii) Shadow prices for various generating plants and
transmission lines. The physical and financial results provided by the model also aid in planning
decisions like identifying the need for new investment in plants and lines due to various reasons,
analyzing the need for investment funds in each zone to meet any new investments in plants and
lines, identifying key zones which need investments in plants or lines and other planning
decisions over a short run horizon (a year, for instance). Future versions of the model can be
extended to simulate a longer time horizon in order to aid longer term planning decisions. The
following sections would discuss in detail all the analysis supported by the Operational Level
Framework.

A i ic pow. r_organization
The framework assumes an underlying electric power organization structure as a basis
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Fig 1.
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for developing alternative scenarios. The basic structure comprises of four types of
institutional/economic entities involved in the electric power market:

Generating Companies: Various generating plants in the zones can be assigned to
independent generating companies. The framework is flexible enough to incorporate any
type of ownership structure for the generating plants e.g. a company can own all the
plants in a zone or it may own all plants of a specific type or it may own any other
combination of plants distributed across various zones.

Grid Company: The grid company (equivalent to the present Integrated Power System
grid, IPS grid) owns the entire transmission grid for Russia and is responsible for the
maintenance of transmission lines and for the flow of power across various regions. For
these services the grid company would levy a tariff (referred to as the "grid tariff") on
the distribution companies. The terms "grid company" and "national grid" are used
interchangeably in this report.

Zonal Pools: The market structure would have one pool per zone. However, the
framework would be flexible enough to allow the analysis of combining zonal pools into
a single pool. Each zonal pool is responsible for importing power from other zonal pools
and for exporting power to other zones while meeting the demand in its zone. Under
alternative market structures the prices for trading (i.e. importing/exporting) of electric
power between zones would be decided. The zonal pool also buys electric power from
the generating plants of its zones and then sells the net power accumulated by the zone
(after the trading) to the distribution companies at wholesale electricity prices.

Zonal Distribution Companies: For simplification purposes, the current framework
assumes one distribution company per zone. Each distribution company buys power
from its zonal pool and then sells it in the retail market. Each distribution company also
pays the grid tariff to the grid company.

Figure 2 depicts the power flows between the various entities constituting the Russian

electric power system.

The following sections would discuss in detail the framework for analyzing electricity

pricing and financial statements of various economic entities under various market structures.
The following is a list of definitions related to electricity prices and tariffs:

Pool Purchase Prices (PPPs): Pool purchase prices are the prices at which a zonal pool
buys electricity from the generating plants within its zone. These prices may be different
for different plant types within each zone and could be different across different zones
depending upon the market structure.

Zonal Trading Prices (ZTPs): Zonal trading prices are the prices at which electric power
is traded between various zonal pools. These may be different between different sets of
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Zones.

. Wholesale Electric Prices: Wholesale electric prices are the prices at which zonal pools
sell electricity to the zonal distribution companies. The framework can compute break-
even wholesale prices for each zone so that each zonal pool is able to recover its costs.
This will help facilitate realistic wholesale prices that each zone can charge in order to
make some profit and use part of that profit towards future investments.

. Grid Tariff: Grid tariff is the tariff paid by the zonal distribution companies to the grid
company. This tariff could be different for different distribution companies.

. Retail Electric Prices: Retail prices are the prices at which the zonal distribution
companies sell electric power to retail customers. The framework can also compute
break-even retail prices for each zonal distribution company. The break-even retail price
is the price at which a zonal distribution company recovers all its costs.

1 ing_m. 1

Each generating plant has a dispatch price associated with it. The dispatch price takes
on different values under different scenarios e.g. in one scenario the dispatch price could be the
variable fuel costs of generating electricity, while in another scenario it can be the bid price for
generating electricity. The optimization model takes as input the dispatch prices and various
electric power system constraints and parameters and provides a least-cost dispatch which
minimizes the total cost of dispatching electricity under various scenarios to meet the electricity
demand. The total cost of dispatching electricity is the total cost paid by all the zonal pools
combined to all the generating plants. The optimization model uses a network flow approach
for optimization.

C. Data used as input by the framework
At the operational level, the framework takes in as input the following data:

o System Parameters: These include the zonal structure of Russia, the existing generation
and transmission capacities, the short term zonal demand patterns, the variable costs
(fuel, aperating and other variable costs) associated with each plant type, the bid prices
of generation (if any), uncertainties associated with demand fluctuations and plant and
line breakdowns, and other system parameters (e.g. line losses) and scenario specific
inputs. Appendix D contains (i) the data used as input by the Operational Level
Framework and (ii) Printouts of input sheets of the framework.

. Financial/Market parameters: These parameters include the following:



®

(i)

(iii)

(iv)

(\))]

(vi)

(vii)

Settlement prices: These are the prices used for financial settlement between the
generating plants and the zonal pools. These prices could be bid prices or a
function of variable costs of plants under various market scenarios. Settlement
price is the least price that each generating plant would settle to sell its energy
under any market structure. In the current model, the last three plants in each
zone are modelled as LM (Load Management) or DSM (Demand Side
Management) technologies. The settlement price of these plants would be the
cost of load management or demand side management.

Dispatch prices: These prices are usually the same as the settlement prices and
are used by the optimization model to perform a least cost dispatch. However,
under certain circumstances a dispatch price may be different from a settlement
price to force a desired dispatching behavior.

Zonally differentiated grid tariffs: The framework would simulate the effect of
charging different tariffs on the financial statements of various economic entities.

Wholesale electricity prices: Wholesale electricity prices for each zone could be
set exogenously by the user. The framework would also provide as output some
benchmark break-even wholesale electricity prices.

Retail electricity prices: The framework would simulate the effect of charging
various retail prices on the income statements of the distribution companies. The
framework would also provide as output some benchmark break-even retail
prices.

Fixed costs for generating plants, overhead costs for generating companies and
fixed and overhead costs for the grid company, the zonal pools and the
distribution companies.

Variable costs for all economic entities wherever applicable, e.g. line maintenance
costs for the grid company.

(viii) Ownership structure for various generating plants.

f WOT

The main outputs reported by the Operational Level Framework include the following:

All physical outputs related to the dispatch of electric power, e.g. actual generation,
power flows, demand met, shortages etc.




All financial transactions between various economic entities.

Income statements for all economic entities i.e. the generating companies, the zonal
pools, the grid company and the distribution companies.

Average benchmark wholesale electricity price that each zonal pool can charge to the
distribution companies in order to recover all its costs.

Average benchmark wholesale electricity price for the entire system.

Average benchmark retail electricity price that each zonal distribution company can
charge to the retail customers companies in order to recover all its costs.

Average benchmark retail electricity price for the entire system.
Shadow prices for each generating plant and each transmission line.

Other aggregate financial and system outputs e.g. trading of power between zonal pools,
plant and transmission line utilizations etc.

nchm lectricity pri

The following are benchmark electricity prices reported by the model:

Benchmark Zonal Wholesale Prices: Yearly or daily benchmark zonal wholesale price
in R/MWh for each zone. The benchmark zonal wholesale price for a zonal pool is the
break-even price for that pool. It is the price at which the zonal pool can sell its energy
to the distribution companies so as to recover all its costs i.e. it is the price at which
"revenue from sale in wholesale market + export earnings = cost of buying power from
generating plants + import costs + fixed & overhead & investment costs”". The
benchmark price is thus the least price that a zonal pool can charge to recover all its
costs.

Average System Wholesale Price: Yearly or daily benchmark system wholesale price
in R/MWh for the entire system. This price is computed by dividing ( the total payments
made to the generating plants by all the zonal pools plus the total fixed & overhead &
investment costs of all zonal pools) by (the total consumption of power in the entire
system). It is the least average wholesale price that each zonal pool can charge so that
the total costs for all the pools combined is recovered.

Benchmark Zonal Retail Price 1: Yearly or daily benchmark zonal retail price 1 in
R/MWh for each zone. Benchmark retail price 1 is the break-even price at which a
zonal distribution company can recover all its costs assuming that the distribution
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company buys power in the wholesale market at benchmark zonal wholesale prices.
Thus, this price is the least price that a zonal distribution company can charge to recover
all its costs. The costs to a distribution company are the costs of buying power in the
wholesale market, the grid tariff payments made to the national grid and the fixed &
overhead & investment costs.

Benchmark Zonal Retail Price 2: Yearly or daily benchmark zonal retail price 2 in
R/MWh for each zone. Benchmark retail price 2 is the break-even price at which a
zonal distribution company can recover all its costs assuming that the distribution
company buys power in the wholesale market at the wholesale prices input by the user.
Thus, this price is the least price that a zonal distribution company can charge to recover
all its costs. The costs to a distribution company are the costs of buying power in the
wholesale market, the grid tariff payments made to the national grid and the fixed &
overhead & investment costs.

Average System Retail Price 1: Yearly or daily benchmark system retail price 1 in
R/MWh for the entire system. Average system retail price 1 is the least average retail
price that each zonal distribution company can charge so as to recover the total costs for
all the distribution companies combined asswming that the distribution company buys
power in the wholesale market at benchmark wholesale prices.

Average System Retail Price 2: Yearly or daily benchmark system retail price 2 in
R/MWh for the entire system. Average system retail price 2 is the least average retail
price that each zonal distribution company can charge so as to recover the total costs for
all the distribution companies combined assuming that the distribution company buys
power in the wholesale market at wholesale prices input by the user.

W _pri

The model provides as output the shadow prices for generating plants and transmission

lines over the time horizon of the model, usually a year.

Plant shadow price: Shadow price of a plant is the reduction in the total payments
received by all generating plants in a year due to 1 MW increase in the capacity of the
plant, all other system parameters remaining unchanged.

Line shadow price: Shadow price of a line is the reduction in the total payments
received by all generating plants in a year due to 1 MW increase in the capacity of the
line, all other system parameters remaining unchanged.

Shadow prices can also be treated as the marginal benefits arising due to 1 MW increase

in plant or line capacity. Shadow price is a useful planning tool as it aids in identifying critical
locations requiring new investments in plants or lines. Zones containing plants with high shadow

10

I



prices are usually more critical for investment than zones containing plants with lower shadow
prices. The same is true for lines too. However, a good analysis of shadow prices would
require comparing the shadow price or marginal benefit of a plant or line with the marginal cost

of investment in additional capacity for that plant or line.

Incom: tement

Based on the optimization output, the framework would support financial analysis of the
electric power market structure by providing aggregate income statements for the following:

Income Statement for a generating company:

Revenue from sale of power to zonal pools
Less Variable operating costs

Gross Margin

Less Fixed costs
Overhead costs (may include investment)

Income

ncom ment fi

Revenue from sale of power to distribution companies
Plus Revenue from export of power to other zonal pools

Less Cost of buying power from generating plants within the zone
Cost of importing electricity from other zones

Gross Margin
Less Fixed & Overhead & Investment costs

Income

11
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Income Statement for the grid company:

Revenue from grid tariff levied on distribution companies

Less Line maintenance expenses ::; -
Gross Margin x;

Less Fixed & Overhead & Investment costs xxx -
Income xxx

Incom ment for a distribution com

Revenue from sale of power to retail market XXX
Less Cost of buying power from wholesale market XXX
Cost of paying grid tariff to the grid company XXX
Gross Margin ;Z
Less Fixed and Overhead costs x;
Income ;;
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III. Alternative Electric Power Sector Organization Structures

REPMOFF simulates three fundamental power market structures. These three
fundamental structures were developed after carefully analyzing existing power market structures
prevalent in privatized economies of the world e.g. the UK market structure and the US market
structure. The three alternative market structures simulated by this model are (i) Type A:
uniform system-wide marginal price based payments to generators (ii) Type B: uniform zonal
marginal price based payments to generators and (iii) Type C: generator specific settlement price
based payments to generators. The essential difference between the three market structures is
the level at which the marginal price based payments to generators are uniform. Under Type
A market structure all generators receive payments linked to a uniform marginal price for the
entire system. Under Type B market structure all generators receive payments linked to uniform
marginal price of its zone i.e. a zonal marginal price is uniform for all the generators in that
zone. Under Type C market structure there is no concept of a uniform marginal price based
payments to a group of generators. Instead, all generators are paid based on their specific
settlement prices for generation which may or may not be based on their marginal costs.

The following sections discuss in detail the three types of market structures. The above
described differences between the three market structures are the main differences. All other
differences that arise are non-fundamental in nature. In all the three market structures, a
generating plant can bid for electricity in an open market bidding system or can settle to sell
energy at its marginal cost of generation or at its variable cost of generation. Thus, the
settlement price for a plant in any of the three market structures (as defined in Section II and
as used in the model) can either equal the bid price or be based on the cost. The optimization
program of the model performs a dispatch based on the dispatch prices and does not distinguish
whether the settlement prices have been set using bid prices or using cost based prices.
However, Type A and Type B market structures support settlement prices being equal to bid
prices more than Type C market structure. Type C market structure supports settlement prices
being based on the costs of generation for specific plants. The strategies for trading of power
between various zonal pools has currently been assumed to be the same for all three market
structures. However, future versions of the framework can simulate alternative inter-zonal
trading strategies.

This market structure bears similarity to the UK model in that the dispatch of electricity
is usually based on the bid prices for generation submitted by independent generating plants and
the computation of a uniform system-wide marginal price. It must be noted, however, that the
settlement price can also be based on variable cost of generation.
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A, Market structure

This market structure is based on the basic market structure with the four
economic/institutional entities - generating companies, zonal pools, grid company and
distribution companies.

Under this market structure various private generating plants would bid for generation
of electric power. Specifically, a plant would bid a price (e.g. in RublessMWh). This is
referred to as the bid price for that plant. The plant would also bid its available generating bid
capacity (e.g. in MW). Various plants would ordinarily bid different prices depending upon
their respective variable costs for generation, the competitive market environment and other
market driven forces.

Electric power is purchased from the generating plants by the zonal pools at a uniform
system-wide marginal price (SMP) which is the same for all the zones. In addition to
purchasing power at SMP, the zonal pool also makes certain other payments to certain
generating plants. These payments are termed as constrained-on payments or uplift payments.
The exact nature of these constrained payments are discussed later.

B. Dispatch of electricity

The optimization program will provide a least cost dispatch schedule i.e. the least total
cost to all the pools of buying electricity from the plants to meet as much demand as possible
under various system constraints. The dispatch price for each plant is usually the bid price of
the generating plant, unless an artificial value is entered for the dispatch price to force certain
dispatch behaviors. In this market structure, the optimization model runs at two levels: (i) An
unconstrained run and (ii) A constrained run.

The unconstrained run establishes a merit order dispatch (without performing any
optimization) and computes the system marginal price (SMP) based on the settlement prices and
bid capacities of plants and the total demand of electricity for Russia. The unconstrained run
neglects the transmission line constraints for transfer of power between zones. The merit order
is established by ranking all the generating plants in ascending order of their settlement prices
and then satisfying the total demand in that order. The plant with the highest settlement price
in the merit order is termed as the marginal plant and its settlement price is the system marginal
price (SMP). Figure 3a shows the SMP based settlement for generation in a UK style structure.

In the constrained run, the model considers the transmission line limits and performs
optimization to minimize the total costs to all the pools of purchasing power from the generating
plants. The constrained run provides the final real time dispatch of electric power. After a
constrained run, there would exist two types of generating plants - (i) Constrained Off (C-Off)
generating plants and (ii) Constrained On (C-On) generating plants. Constrained Off generating
plants are those which exist in the unconstrained merit order but in the constrained run, their
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scheduled generation is less than that in the unconstrained run. Constrained On (C-On)
generating plants are those whose scheduled generation in the constrained run is greater than that
scheduled in the unconstrained run. The payments made to these two types of plants are
different.

Financi ttlemen

Figure 4a shows the financial flows between various economic entities in this market
structure. Financial settlements between various economic entities are based on the following
procedure:

- Do the unconstrained run based on settlement prices to establish the merit order and to
determine the system marginal price (SMP).

- Do the constrained run based on dispatch prices (usually equal to settlement prices) by
considering transmission constraints and establish the constrained generation schedule.

- Determine marginal price of each zone by setting zonal marginal price (ZMP)=
settlement price of most expensive plant that generates electricity in each zone. This
could be the cost of demand side options. If a zone has no generation at all, its ZMP
is undefined. If, however, the ZMP of a zone computes to less than SMP then it is set
to SMP. This is because in this market structure each generating plant receives at least
SMP for a unit of energy. Hence, no trading of energy can be made at prices lower than
SMP.

- Each zonal pool pays all the constrained-on generating plants in its zone their settlement
prices for their actual generation in the constrained schedule. The amount of payment
made to a constrained-on plant over and above SMP is termed as constrained-on payment
or uplift payment. All other generating plants in the zone are paid SMP based on their
actual generation in the constrained schedule.

- Each zone is established as either a net exporter or a net importer of power. A net
exporter sells power at its ZMP to a common non-profit pool. From the common pool
all net importers buy power at the weighted average cost to the common pool of
importing power. Thus inter-zonal transfers are through a common non-profit pool. All
net importers buy at the same price although the net exporters sell at different prices.

- Each zonal pool sells electricity to its zonal distribution company at wholesale electricity

prices. If all the zonal distribution companies have to pay the same wholesale price, then
a basis for such a wholesale price could be SMP plus some mark up.

- Each zonal distribution company sells electricity in the retail market at the retail
electricity prices.

15



Fig 4a. Financlal Flows for Type A Market Structure (System Based)
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- Each zonal distribution company pays the grid tariff to the grid company based on the
actual amount of power distributed by the company.

- Determine the difference between total cost of constrained run and total cost of
unconstrained run, Allocate this as a mark-up above SMP by dividing by the total
quantity of consumption. This value is an indication of additional constrained costs due
to transmission constraints.

2. T B: Uniform zonal marginal price based pavments t nerat

This market structure bears similarity to the UK model in that the dispatch of electricity
is usually based on the bid prices for generation. However, it is different from the UK model
in that it has ng uniform system-wide marginal price. It only has zonal marginal prices just as
in Type A market structure. As under Type A market structure, the settlement price of a plant
can also be cost based.

A, Market structure

This market structure is identical to that of Type A market structure with plants usually
bidding for electricity except that there is no concept of a uniform system marginal price (SMP).
There is also no unconstrained run and hence no concept of constrained-on or constrained-off
generating plants. Zonal Marginal Prices (ZMPs) are computed in this market structure in the
same manner as in Type A structure.

i lectrici

The optimization program will dispatch electricity to minimize the total cost to all the
pools of buying electricity at dispatch prices from all the generating plants in order to satisfy as
much demand as possible under various system constraints like plant capacities, line capacities
etc. The dispatch price for each plant is usually the settlement price of the plant.

C. ial settl
Figure 4b shows the financial flows between various economic entities in this market

structure. Financial settlements between various economic entities are based on the following

procedure:

- No unconstrained run and hence no SMP determination.

- Do the constrained run based on dispatch prices (usually bid prices) by considering the
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Fig 4b. Fimancial Flows for Type B Market Structure (Zonal Based)
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transmission constraints and establish the constrained generation schedule.

- Determine marginal price of each zone by setting zonal marginal price (ZMP)=
settlement price of most expensive plant that generates electricity in each zone. This
could be the cost of demand side options. If a zone has no generation at all, then the
zone’s ZMP is undefined.

- Each zonal pool pays all the generating plants in its zone the ZMP of the zone they are
located in.

- Each zone is established as either a net exporter or a net importer of power. A net
exporter sells power at its ZMP to the common non-profit pool. From the common pool
all net importers buy power at the average cost to the common pool of importing power.
Thus, inter-zonal financial settlements are made exactly as in Type A market structure.

- Each zonal pool sells electricity to its zonal distribution company at wholesale electricity
prices.

- Each zonal distribution company sells electricity in the retail market at the retail
electricity prices.

- Each zonal distribution company pays the grid tariff to the grid company based on the
actual amount of power distributed by the company.

T : n r ific margingl pri n n

This market structure bears similarity to the US model in that the dispatch of electricity
is usually based on variable costs of generation. Fig 3b shows the cost based settlement for
generation. It must be noted, however, that although under this market structure the settlement
price is usually cost based, the settlement price can even be based on the bid price.

A. Market structure

This market structure also has the same four economic entities as in the earlier two
market structures. However, there is usually no bidding of electricity done by generating plants.
Instead the dispatch price for each generating plant is usually its variable cost of generating a
unit of power plus some profit markup. The zonal marginal prices (ZMPs) are based on these
variable costs (variable costs + markup). Since this market structure has no concept of an
SMP, there is no concept of constrained-on or constrained-off generating plants.
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B. Dispatch of electricity

The optimization program will dispatch electricity to minimize the total cost to all the -
pools of buying electricity at dispatch prices from all the generating plants in order to satisfy as
much demand as possible under various system constraints like plant capacities, line capacities B
etc. The dispatch price for each plant is usually based on the variable costs of generation.

Financi lemen

Figure 4c shows the financial flows between various economic entities in this market
structure. Financial settlements between various economic entities are based on the following
procedure:

- No unconstrained run and hence no SMP determination.

- Do the constrained run based on dispatch prices (usually based on variable costs) to
determine the impact of transmission constraints and establish the constrained generation
schedule.

- Determine marginal price of each zone by setting zonal marginal price (ZMP)= variable
cost for the most expensive plant that generates electricity in each zone. As before, this
could be the cost of demand side options. If a zone has no generation at all, then the
zone’s ZMP is undefined.

- Each zonal pool pays all the plants in its zone their respective settlement prices which
are usually variable costs plus profit markup.

- Inter-zonal transfers are the same as in Type B structure i.e. net exporters sell their
power to the common pool at their ZMPs, and then net importers buy power from the
common pool at an average price.

- Each zonal pool sells electricity to its zonal distribution company at wholesale electricity
prices.

- Each zonal distribution company sells electricity in the retail market at the retail
electricity prices.

- Each zonal distribution company pays the grid tariff to the grid company based on the
actual amount of power distributed by the company.
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Fig 4c. Financial Flows for Type C Market Structure (Generator Based)
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IV. Modelling Issues Specific to the Russian Power System

There are modelling issues which are specific to the Russian power system. These issues
may or may not exist in the new evolving power market structure in Russia. These issues are
discussed below. The Operational Level Framework can support the simulation of these issues
under all the three types of market structures discussed earlier.

i h price v lement pri

Because of the need to model various power market structures based on different dispatch
criteria, it is necessary to define a dispatch price which can be set artificially based on the
underlying power market structure. The dispatch price takes on different values under different
market structures as has been discussed in the previous section. However, in the Russian power
system there may be a need to artificially set the dispatch price for some of the generating plants
in order to artificially force the dispatching behavior of these plants. The dispatch price for
these plants may be significantly different from the settlement price.

ro Pl

In the Russian system, Hydro plants are dispatched at peak load times due to limited total
energy and availability, although the running costs of the hydro plants are negligible.
Consequently, in the model, an artificially high dispatch price can be set for the hydro plants
to ensure dispatching only at peak times. For financial accounting purposes, the actual variable
costs or actual bid prices are to be used as settlement price, whichever is applicable.

Bi-Directional Line Capacities

In the Russian system the aggregate transmission capacity limits between the zones
depend on the direction of the flow. This necessitates bi-directional treatment of the lines.

Treatm i wer Pl

In the Russian system, the combined heat/power plants are dispatched primarily on the
heating requirements. This means that in typical winter day-types, 85% of the capacities of
these plants are used as base electrical load from midnight to 7 a.m. and 100% from 7 a.m. to
midnight. These ratios are 50% and 60%.

Therefore, when district heating is in effect, from the dispatching perspective, these
plants are viewed as having zero dispatch prices. Therefore, the dispatch prices for combined
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heat/power plants need to be set to zero in the model. For financial accounting purposes, the
correct price to use is the variable cost or bid price, as applicable.

Accounting for Plant Maximum Hours Usage Per Year

In the Russian system, there are limits on the minimum and maximum hours per year
each plant or plant-type can be utilized. Since all plants of the same type would not be out at
the same time in each zone, then the total available capacity of each plant-type can be adjusted
by de-rating of the plant-type.

The de-rating is based on multiplying the total capacity of each plant:type by the ratio
of the maximum hours usage per year for each plant type (HMAX) to the total number of hours
in the year (8760). Therefore, the adjusted capacity for each plant or plant-type i is:

HMAX

1
760 ) x totcaplil (1)

adjeapli] = (

Due to the special data structure available in Russia, it is possible to assign a number
days for each day type that sum up to less than 365 days. The main reason is that for planning
purposes, installed capacities are considered for winter peak day only. Using the hourly load
curves for this day type and the historical data on load factors, the yearly energy consumption
is equivalent to about 240 to 280 days of this particular day type.

Consequently, it is possible to use the actual installed capacity without deratirig for the
peak hour, and then assign availability or utilization multipliers (a number less than or equal to
1) for each period of the day for each plant type. This can be done in the "Constrained Input
Area” of the model. The advantage of this method is more accurate representation of certain
plant types such as Hydro and Combined Heat/Power whose availability may depend on the
period the day.

Using more day types to represent other seasons of the year, and the seasonal availability
of plant types, a more accurate simulation is made possible.
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V. Extensions to the REPMOFF

A. Extensions

Extensions to the present model can increase its capabilities as a versatile planning and
analysis tool. The following is a list of extensions that are underway or under discussion with
ERI:

o Incorporating Power Exports outside Russian power system, Reserve Margins, and
Capacity Gaps.

. Modelling other power market and ownership structures.

. Simulating financial contracts between various entities.

. Predicting behavior of power companies in a free market (to inform the design of

regulatory schemes).

o Providing information on primary fuel usage in power generation and modelling the
impact of conservation and fuel switching.

o Providing the environmental impacts of various scenarios and options.

o Determining the effective cost or price benchmark for DSM (Demand Side Management)
technologies under various scenarios and options.

. Incorporating other options for financial settlement of inter-zonal economy interchange,
such as Split-Savings Rules.

B. Simulation Planni

REPMOFF is being used in analysis of various investment options by comparing snap-
shots or scenarios of each option on a year by year basis. This process is being automated by
developing a multi-year Simulation Planning Program, which uses the Operational Level
Framework as its core single-year operational engine. The present model is an optimization
program based on Chronological Load Shapes , in contrast to the main engine of other integrated
resource planning programs which are based on load-duration curves. Furthermore, the
Simulation Planning Program will include all the Power Market Structure and Financial
Operations options included in the Operational Level Framework.

The Multi-Year Simulation Planning Program is summarized as follows:
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. Define the option under study: Start with the base (current) year plant/line configuration
of the power system, and select a plant/line construction/retirement option. Options for
system improvement and investment can be based on Sensitivity Analysis and analysis
of shadow prices for each of the generation and transmission constraints.

. Provide electricity demand values (or rates of change in demand) for each year in the
planning time horizon.

. Provide data for fuel cost and electricity rates (wholesale and retail) for the future years.
o Determine the annual fixed cost of each old or new plant
o To simulate the operations for a multi-year time horizon, run the Operational Level

Framework for each year in the time horizon, and determine the (operational) physical
and financial results for each year. Combine the yearly results for the whole time-
horizon.

A number of options and scenarios can be run in the preceding fashion to compare the
overall results, and choose the best alternatives. The Operation Level Framework is versatile
in terms of the physical and cash-flow outputs, and as a result, the Simulation Planning Program
will be an effective Investment Planning tool. If need be, an Optimal Planning Program can be
developed at a later date based on Dynamic Programming Formulation using the Operational
Level Framework as its main engine.
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APPENDIX A

Solution Methodology for the Optimization Program

Optimization problem

The optimization problem consists of minimum cost dispatching of the plants based on
their dispatch prices, subject to the plant capacity constraints and transmission line limits. The
following terminology is used here:

p pth period, in hours

r rth zone

i ith plant

dispr{i] dispatch price of plant i

varcst[i] variable cost of running plant i

linecap[rl,r2] capacity of aggregate transmission between zone rl and zone r2
gen[i] generation of plant i

gencap(i] generation capacity of plant i

ZMP[r] zonal marginal price for rth zone based on constrained merit order

of plants sorted on dispatch prices in rth zone.

The objective function to be minimized is:
Objective Function = Y. ( genli] x dispr(i] ) )

Where 1 is the set of all plants
Subject to the following constrains:

. For each plant i:
genli] < gencapli] 3)
o For each transmission between zone k and 1:
flowlk,1] < linecaplk,l] (€Y
° For each zone k:
Ef gen[k] + E{' flowlk,]] + shortage[k] = demandik] 8)
where K is the set of all zones and L is the set of all zones excluding k.
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Plant dispatch prices are defined by the type of power market structure and dispatch rule
in effect. For instance, in the American model, a plant dispatch price is the variable cost of the
plant operation. In the British model, a plant dispatch price is defined by either the system
marginal price, or the bid price of the plant, or if there is a fixed price contract, by the so-called
exercise price.

lution methodol

The optimization problem is cast as a linear programming formulation, and thus, it can
be solved by any linear programming methodology such as simplex or any applicable
transportation or network flow algorithm.

The method used here is based on a network flow algorithm combined with a shortest
path algorithm. The algorithm starts with an initial feasible solution, i.e. an initial feasible
combination of plant generations which together satisfy demands of all regions without any
violation of plant and flow constraints. Then, starting with the initial feasible set, the algorithm
substitutes more expensive plants with less expensive plants across all regions while satisfying
all the given constraints. The process is continued until the optimal set is determined which
results in a final feasible set of plant commitments satisfying all of the constraints at a minimum-
cost.

American model

The American power market consists of an independent utility and a number of utility
owned generation plants. Plants are dispatched according to their variable costs:

dispr(i] = varcst[i] (6)

subject to the same constraints as defined previously.

British model

The British power market consists of an independent national grid and a number of
independent generation and distribution companies. Dispatch is based on the so-called system
marginal price, SMP, determined on the basis of merit order of plants ignoring the transmission
capacity limits between zones. SMP is the bid price of the plant on the top of the stack of plants
in the unconstrained set which together provide sufficient capacity to satisfy the total aggregate
demand of all zones. Plants are stacked up in ascending order of their bid prices. The capacity
of plants which are included in the unconstrained set are referred to as unconstrained capacities.
Additional terminology used in the British model are:
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bidprli] actual bid price of plant i

exrpr(i} contract exercise price of plant i

bidcap(i] bid capacity of plant i, equivalent to gencapfi]

SMP system marginal price based on constrained merit order of plants

In actual dispatch, when the transmission constraints between zones are taken into
account, the actual capacity of plants used may be less or more than the unconstrained
capacities. The actual plant capacity used is referred to as constrained capacity. The plants are
paid for the actual capacity used in SMP per MWh. These are called energy payments. For
any plant which is in the constrained set, but not in the initial unconstrained set, there are further
payments which are referred to as C-ON constrained payments. By definition, a plant which
is not in the initial unconstrained set has a bid price which is greater than SMP.

The C-ON constraint payment is:

C-ON Constrained Payment = gen[i] x (bidpr{i] - SMP) )

The model includes one type of contract, a simple price contract, where the bid price of
plant is set at a fixed exercise price.

The objective function to be minimized is the total cost to the grid of the energy and
constrained payments to the generators. Here, we denote the group of plants belonging to the
initial unconstrained set as group U. The plants which are not in the initial unconstrained set
are defined as group N. Then the total costs to the grid are:

Total Grid Costs = Energy Payments + Constrained Payments L)
or
Total Grid Costs = YU (genfu] x SMP)
+ YV (gin[n] x SMP) 9)
+ Y [ genln] x (bidprin] - SMP) ]
or

Total Costs = E:’ (gen[u] x SMP)
+ 3V (gen[n] x bidprin))

(10

Therefore, for optimization purposes, the dispatch price of the plant in the U group is
set to SMP, and the dispatch price of the plant in group N is set to its bid price (or exercise
price if there is a contract). Hence,

. If plant i is in the initial unconstrained set, then
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dispr{i] = SMP (1)

If plant is not in the initial unconstrained set, then

dispr(i] = bidprl(i] 12) .

Therefore using i as the plant index, the objective function to be minimized is:

Objective Function = Y ( genli] x disprli] ) (13)

Inter-zonal financial settlements

In the case where all the plants and all the pools and the grid are owned by one company,

there is no need for inter-zonal financial settlements. However, if there are multiple economic
entities operating in the market, there is a need for a mechanism to formalize the financial
transactions for the inter-zonal power transfers.

A simple mechanism proposed here is to set the inter-zonal payments based on the

exporting zone marginal prices (ZMPs). The steps involved are:

Determine the optimal generation mix for the over-all grid based on the defined plant
dispatch prices.

For each zone determine the highest settlement price of all the plants in operation.
Identify the zones as net exporters and net importers of power.

Evaluate the net total export from all export zones at the start point of transmission,
EXPORT;, and the net total import for all import zones at the end point of their

transmissions, IMPORT,. Denote the ratio of total net export to total net import as the
Loss Multiplier.

For each net exporting zone, the export sales price is set at its zonal marginal price
(ZMP).

Set the import price for all net importers as the (weighted) average of export prices
weighted by the net export from each zone multiplied by the loss multiplier.

Therefore, if zone i is a net exporter, then:
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Export Price at zone i = ZMP, (14)

If zone j is a net importer, then:
(EXPORT, x ZMP)
Y. EXPORT,

i

(15)

Import Price at zone j = Loss Multiplier x

where, I is the set of all net exporters, and EXPORT, is the net export of electricity in
the period from the export zone i, and the Loss Multiplier is defined as:

EXPORT, Y, EXPORT,
IMPORT, 2’ IMPORT,

(16)

Loss Multiplier =

Based on this simple financial transaction mechanism, all the import payments and export
earnings balance out.

27



) ; ' " -

APPENDIX B

Russian Electric Power Market

Operational and Financial Framework

(REPMOFF)

Software User Instructions (REPMOFF Version 1.1)
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i lectric Power Market Operational & Financial Framework
(REPMOFF Version 1.1)

Software User Instructions

INTRODUCTION

REPMOFF is a simulation and optimization program with an embedded model of the
Russian Electric Power System. The model determines the optimal generation mix under
different Power Market Structures. The model explicitly accounts for aggregate transmission
constraints between zones. The Integrated Power System of Russia, IPS, is represented by 8
zones in the model, where each zone is equivalent to the zonal Unified Electric Power System,
such as North West and Center. The zones include all the generating plants and companies in
the network, by grouping the power generating plants in each zone into plant-types, and
assigning them to different company configurations.

The last three plants in each of the zones are reserved for outage technologies (load
management, demand side-management, etc.) and shortages. There is space allocated for the
addition of more plants in each zone.

Three are three general Power Market Structures represented in this model. The Type
A power market structure is based on system-wide marginal pricing (SMP) payments. If
dispatch prices are set to individual plant bid prices, then the Type A power market structure
becomes similar to the simplified British model. The Type B power market structure is based
on the zonal marginal pricing (ZMP) payments. The Type C power market structure is based
on actual settlement price payments. If plant dispatch prices are set to plant variable costs, then
the Type C Market Structure becomes similar to the American model.

REPMOFF can model three Day Types. A year, or a month, or a week can be
represented by a combination of these Day-Types. For example, a week can consist of 5 days
of Day-Type 1, 1 day of Day-Type 2, and 1 day of Day-Type 3. Furthermore, each Day-Type
consists of (up to) nine periods such that the total time of the nine blocks is twenty four hours.

The outputs of the model consist of detailed and aggregate physical and financial results
for plants, companies, zones, and the grid. The physical outputs include period by period, day
by day, and yearly optimal plant generations and transmission flow rates. The financial outputs
include plant, company, zone, and grid cash flows for periods, days, and the year. The model
also provides benchmark values for wholesale and retail prices, and shadow prices for plant and
line capacity constraints.

REPMOFF is written in the C programming language, with a Lotus 1-2-3 user interface
for inputs and outputs. The optimization is done using a Network Flow algorithm built into a
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C program which is invoked automatically from Lotus /-2-3. Macros are provided so that the
user simply inputs data for the run (bid prices, expected demands etc.), instructs the model to
run, and then examines the results. REPMOFF operates on a standard IBM-compatible personal
computer with at least 4 MB of RAM that should have the capability to run Lotus 1-2-3 (Release
3.4).

REPMOFF consists of 5 different 1-2-3 spreadsheet programs, DOS based executable
programs, and a number of ASCII based input and output files. The spreadsheet programs are:

REPOINP.WK3: The main user input and output interface, which controls the optimization
program flows.

REPOAGGR.WK3: Includes the aggregate physical and financial results.

REPO1.WK3: Includes the aggregate and detailed physical and financial results for Day
Type 1.

REPO2.WK3: Includes the aggregate and detailed physical and financial results for Day
Type 2.

REPO3.WK3: Includes the aggregate and detailed physical and financial results for Day
Type 3.

Section I describes in detail the User Inputs. Section II describes the process of running
the model and the relevant menus and commands. Section III lists some cautions which the user
of this model must adhere to. Section IV describes the procedure for installing the model.
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I. USER INPUTS

The inputs are of three types: plant-by-plant information (capacities, bid prices, etc.),

transmission lines (capacities), and expected demands in each region. By far the majority of the
inputs concern the plants.

Many of the inputs, e.g. demand and capacity, can be changed from period to period

within a run. Others, are usually fixed for the entire run.

Plant Specific Inputs

The Plant-specific inputs are:
Zone Code: This specifies the region or zone to which the corresponding plant belongs.

Company Name: This is used only in the company specific aggregation of results in the
Cash Flow Summary.

Plant name; This is normally an identifier e.g. "HPP, NPP, or LM1 ".

Plant Variable Cost: These are the variable operating costs of each plant in
Rubles/MWh.

Bid capacity: These are the declared generator capacities in MW (Re-declarations of
capacity due to outages are handled randomly, as described later.) For outage
technologies they are the maximum actual load reduction; these are not used in
calculation of the unconstrained run in the Market Structure Type A. At least one plant
in the model should be labeled "LM", i.e. Load Management, with a high capacity and
price to prevent the optimization results becoming infeasible.

Settlement Price; For conventional generators, these are the standard bids, in
Rubles/MWh. If periods correspond to different days, they can be changed from period
to period within a run by overwriting the old value; otherwise they should remain fixed.

For the last three plants (LM / outage technologies) in each region the settlement price
must be set to an equivalent Load Management or Demand-Side Management cost per
MWh. If LM is to represent shortages, then the price should be set to the expected cost
of shortages, or zero in most cases.

Dispatch Price: These are operating prices used in the optimization for plant dispatch
in Rubles/MWh. Dispatch prices are usually equal to settlement prices. In certain cases,
however, dispatch prices may be artificially set in order to induce a particular intended
dispatch behavior. In general, if shortages are to be avoided, then the price must be set
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to a very high value (higher than any actual plant or DSM cost). In other words,
shortages are represented by zero settlement prices but very high dispatch price. As a
result, shortages are considered as the last available option when dispatching, but in case
they occur, there are no actual or settlement costs involved.

Generator Availability Factor; These are factors by which plants are derated for the

given day type. It is recommended that these factors be used to represent availability
after reserve and other considerations that affect the usage of the plant during the peak
hour. The availability factors which depend on the period of the day or day type should
be input in the "Constrained Input Area" of the model.

OTHER INPUTS

o

Line Capacities: Specifies the capacity of each transmission line in the capacity column.
The net transfer capacity of a line is the line capacity specified in the input area
multiplied by the factor of "alpha”.

. Total Line Maintenance Costs: These costs are given per period per day.

Hours per period: The 24 hours of the day can be at most be divided into 9 periods.
The length of each period should be specified in hours.

MW demand expected: The forecast MW demand in each region for each period is
specified in these columns. Actual demands used to calculate actual dispatch are adjusted
by the stochastic parameters, described elsewhere. It is recommended that in this input
area, all periods of the day be assigned the peak demand value. Then the demand
multipliers in the "Constrained Input Area” be used to scale demand for each period
of the day.

Scenarig: This input specifies the name of the scenario and its description.

Num Days: This input specifies the number of days per year represented by the
particular Day Type

Loss Factor: A linear line loss factor between 0 and 1 is entered here. This loss factor
reflects the linear loss of flow across the aggregate transmission and is modelled in the
optimization using a heuristic which attains a sub optimal dispatch in the presence of line
losses.

Stochastic Inputs: Three of the inputs are subject to random variability between the
declared and actual values: plant capacity, transmission lines, and demand. The
Optimization Program uses the randomized values. Simple binomial random numbers
are used in the randomization. At present each plant is randomized based on the same
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probabilities, and similarly for lines and demands. Randomization in each period is
independent of previous periods.

- plants: The actual plant capacities are randomized based on two parameters: pi
and Sigma.p. Pi is the probability that the plant is fully available. (Pi =1 means
no chance of reduced output.) Sigma.p is the capacity multiplier if capacity is
reduced. For example pi = .7, Sigma.p = .95 means a 30% chance that output
of a plant will be 95% of nominal.

- lines: The parameter lambda is the probability that a line is available. Lambda
equal to 1 means no outages. If a line goes out, it goes out completely. For
example a lambda of 0.7 means that there is a 30 % chance that a line breaks
down during a constrained run. The parameter line.d is the multiplier used to
reduce line capacity in the stochastic mode.

- demand: Demand may be revised upward by multiplying by parameter sigma(u),
or downward by parameter sigma(d), each of which should be close to 1.00. The
probability of a downward revision is given by deltal, while the probability of an
upward revision is given by 1-delta2. The probability that demand equals its
forecast is therefore delta2-deltal. For example if (sigma(d), sigma(u), deltal,
delta2 ) = (0.95, 1.05, 0.3, 0.7), there is a thirty percent (0.30) chance of
demand being 95% of forecast, thirty percent (1 - 0.70) chance of being 105%
of forecast, and a forty percent (0.70 - 0.30) chance of demand equaling the
forecast. Note that this is applied to each region independently.

o Seed: An integer value between 1 and 1000 can be entered here. The seed is used when
the model is run in the stochastic mode. Subsequent runs having the same seed will
generate the same set of random numbers. Thus, the seed is very useful in replication
of randomized runs and hence in comparing the effect of various decisions on the same
set of stochastic/randomized runs.

o Market Structure; Specifies the Type of Power Market Structure.

0 Alpha: This variable accepts a value between 0 and 1. The line capacity is multiplied
by this factor (Alpha) to compute the transfer capacity of the line.

o Multipliers:

The "Multipliers Input Area" supports the modelling of actual plant availability at
different periods, and variations in declared versus actual zonal demand. Plant capacity
Multipliers can be viewed as plant availability factors or plant de-rating factors. Therefore,
actual plant capacity gets de-rated by the multipliers. The following are the inputs in the
"Multipliers Input Area":
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- Flag: Setting the Flag to 0 instructs the model to use the Generator Availability
Factor from the main input area to determine the availability factors for all
periods. In effect, the model will copy the generator availability factor into the
Multiplier Input Area for each plant and each period of the day type. Setting the
Flag to 1 instructs the model to ignore the Generator Availability Factor, and
instead use the availability factors individually entered in the Multiplier Input
Areas. Furthermore, setting the Flag to O also prevents the optimization from
adjusting the demand by the demand multipliers.

- Plant Availability Factors: Plant availability factors are the multipliers by which
plant capacity is scaled for each period of the day type.

- Demand Multipliers: Demand multipliers are the factors by which the zonal
demand for each period within a day type is scaled.

Zonal Pool Fixed & Qverhead & Investment Costs: Fixed & overhead & investment

costs in each zone

Zonal Distribution Co, Fixed & Overhead & Investment Costs; Fixed & overhead &

investment costs for the zonal distribution companies (One distribution company in each
zone).

Zonal Wholesale Price: The wholesale price charged by the Grid for the power sold to
the zonal distribution companies.

Zonal Retaijl Price; The retail price charged by the zonal distribution companies for the
power sold to their customers.

Zonal Grid Tariff: The tariff charged by the national grid or IPS to zonal distribution
companies.
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II. RUNNING THE MODEL

The following steps describe how the model is run.

he Model POINP. WK

0 Switch to the Lotus 1-2-3 Rel. 3.4 system directory (or C:\REPO directory) and type:
123 and {Enter]. This program will load the memory resident portion of Lotus 1-2-3.

) If the REPO directory has not been set as the default directory, select [/File Directory]
and then type C:\REPO and [Enter].

o Load REPMOFF by selecting [/File Retrieve] and then select REPOINP.WK3 and
[Enter].

0 If after retrieving the file, the main menu does not appear at the top of the screen, press

[Alt M].

0 The Main Menu and accompanying screen will appear. From this menu you may specify
assumptions for up to nine periods, run optimization for any of the nine periods, inspect
results, or exit.

The Main Menu and other menus in the REPMOFF work like other Lotus 1-2-3 menus:
You make selections by simply typing the initial letter (or number) in the name of the
selection. You may also move the cursor left or right in the control panel at the top of
the screen, then press the [Enter] key.

rovide In

0 From the Main Menu, press [INPUTS..], and the Inputs Menu and the accompanying
screen appear.

-- Press [DAYL1...], or [DAY2...], or [DAY3...] to input data for each Day Type:

- Press [BIDS..] to enter plant capacity, price, and other data. You may
make entries in any of the highlighted cells. Note that the list of plants
extends beyond the visible screen: use the arrow keys to reach all plants
and all columns. The [PgDn] and [PgUp] keys are not available in this
mode.

When finished, press the [Enter] key without first entering data in a cell,
and you will return to the [INPUTS..] Menu.
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Press [LINES..] to enter line capacity and line maintenance costs. This
screen and other data input and most output inspection screens work
similarly to the Bids screen. When finished, press the [Enter] key without
first entering data in a cell, and you will return to the [INPUTS..] Menu.

Press [DEMAND..] to enter, first, duration of time periods, and then,
demand by time period. (Press an extra [Enter] to proceed after entering
duration.)

Period duration is limited to 24 hours to keep results within display
formats. You may scale results up for any longer time periods.

Press [SCENARIO..] to enter particular scenario data and stochastic
variables:

- Enter number of days represented by the Day Type.

- Enter the Line Loss Factor (between 0 and 1).

- Enter stochastic (probabilistic) variables to determine whether and
within what bounds random effects will be generated to modify
plant, line, and demand assumptions. These effects add realism
but complicate comparison of scenarios. To suppress random
effects, enter "1" for all stochastic parameters except "delta.d":
enter a "0" there. When finished, press an extra [Enter] to return
to the Inputs Menu.

- Enter the Seed used in randomization (between 1 and 1000).

- You can not change the Power Market Structure Type input. This
can be done from the CONTROL Menu.

- Enter a value between 0 and 1 for Alpha.

Press [MULTIPLIERS..] to enter Flag, plant capacity multipliers and
demand muiltipliers.

Press [FINISHED] to return to the previous menu.
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-- Press [CONTROL..] to enter scenario identifier code (ID), scenario description,
and other variables.

- Enter up to seven characters (letters or numbers, minimum one character),
for Scenario ID Code.

- You will then be prompted for scenario description. Only the first 31
characters typed are accepted.

- Enter the Power Market Structure Type.

- Enter the Grid Fixed and Overhead Costs.

- Enter 1 or 0 depending on whether "Shadow Price” calculations are
required.

-- Press [GENCO..] to assign Company Names to Company Numbers and Overhead
Costs for each Company Number. Then assign Company Numbers to each plant.

-- Press [OTHERCOSTS...] to assign Fixed Plant Costs per Annum and Zonal Cost
and Price values.

-- Press [FINISHED] to return to the previous menu.

0 If necessary, you may revisit any of the above Input entry screens. When finished, press
[FINISHED] to return to the Main Menu.

Run Optimizat

o From the Main Menu, press [PROCESSING..], and the Processing Menu and
accompanying screen appear. Make your selections and Enter.

Inspect Results
o From the Main Menu, press [OUTPUTS..], and the Outputs Menu and accompanying
screen appear.

- Press [CASHFLOWS 1] to view a summary of cash flows by company,
presenting optimization results by period and in total. The list extends beyond
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the visible screen: use the arrow keys to reach all companies. To get back to the
Main Menu you have to press [Alt M].

-- Get back to the Output Menu and Press [CASHFLOWS 2] to view a summary of
cash flows by zonal pools, presenting optimization results by period and in total.
To get back to the Main Menu you have to press [Alt M].

-~ Get back to the Output Menu and,

- Press [AGGREGATE..] to save the REPOINP.WK3 and to retrieve the
REPOAGGR.WK3.

- Press [DAY1..] to save the REPOINP.WK3 and to retrieve the
REPO1.WK3 spreadsheet for Type Day 1 detailed results.

- Press [DAY2..] to save the REPOINP.WK3 and to retrieve the
REPO2.WK3 spreadsheet for Type Day 2 detailed resuits.

- Press [DAY3..] to save the REPOINP.WK3 and to retrieve the
REPO3.WK3 spreadsheet for Type Day 3 detailed results.

- Press [FINISHED] to get back to the Main Menu in REPOINP.WK3

- Note that if you select [AGGREGATE..], [DAY1..], [DAY2..], or [DAY3..], the
program will exit the REPOINP.WK3. To do printing or the reports in
REPOINP.WK3 as described in the following section, you need to get back to
REPOINP.WK3.

Print Results

0 From the Main Menu press [REPORTS..], and Reports Menu appears. First Set Up
your printer parameters by following the instruction. Then make you selections and
Enter.
Note: The page size must be appropriately set using Lotus 1-2-3 commands before using
the print function of the model for the first time.

Update

o Whenever the user plans to change or add new (i) plants and/or (ii) Companies, the user
must do the following steps:
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- Change or add the new companies and plants in the input area

- Press [UPDATE..] in the main menu to reflect the changes to all the
output areas.

The user must be very careful in adding new zones or regions. Some of these new
additions might require a change in the C program of the model. But changing the

names of companies or plants or adding new plants can be done easily by the user
without changing the C program.

Save Results

Currently, you may save the entire spreadsheet with its results, under a name of your choosing
(based on Scenario ID), or any other name using standard Lotus 1-2-3 methods.

o To save the file, select [SAVE..] in the Main menu. Currently, you can save the entire
spreadsheet with its results, under its given name.
xit o D

o When finished with a session, from the Main Menu press [EXIT..], and then [DOS].

While in the REPOAGGR,WK3 spreadsheet:

0 In the Main Menu of this spreadsheet, first press [FETCH..] to import the relevant
ASCII files generated by the optimization program.

o In case the name of companies were changed, press [UPDATE..] to update the names
in the REPOAGGR.WK3.

o Press [OUTPUTS..] to get into the Output Menu.

-- Press [CASHFLOW 1] to view a summary of cash flows by company. To get
back to the Main Menu, press [Alt M].

- Get Back to the Output Menu, and Press [CASHFLOW 2] to view a summary of
cash flows by zonal pools. Press [Alt M] to get back to the Main Menu.

-- Get Back to the Output Menu, and Press [AGGREGATE] to view aggregate

physical output and actual utilization values for plants and lines, and the Shadow
Prices for constraints. Press [Alt M] to get back to the Main Menu.
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- Get Back to the Output Menu, and Press [DETAILED..] to view a detailed
aggregate view of company by company financial and physical results for the
year. Press [Alt M] to get back to the Main Menu,

-- Get Back to the Output Menu, and Press [OTHER..] to get to the Other Menu.

Press [INPUTS..] to save the REPOAGGR.WK3 and to retrieve the
REPOINP.WK3.

Press [DAY1..] to save the REPOAGGR.WK3 and to retrieve the
REPO1.WK3 spreadsheet for Type Day 1 detailed results.

Press [DAY2..] to save the REPOAGGR.WK3 and to retrieve the
REPO2.WK3 spreadsheet for Type Day 2 detailed results.

Press [DAY3..] to save the REPOAGGR.WK3 and to retrieve the
REPO3.WK3 spreadsheet for Type Day 3 detailed results.

Press [FINISHED] to get back to the Main Menu in REPOAGGR.WK3.

In the Main Menu of REPOAGGR.WK3, press [REPORTS..] to print the selected
sections of the REPOAGGR.WK3 spreadsheet.

Press [SAVE..] to save the REPOAGGR.WK3 in the hard-disk.

Press [EXIT..] to exit the program completely.

While in the REPQ1.WK3 (or similarly in REPQ2 . WK3 and REPO3 WK readsheet:

)

In the Main Menu of this spreadsheet, first press [FETCH..] to import the relevant
ASCII files generated by the optimization program.

In case the name of companies were changed, press [UPDATE..] to update the names
in the REPO1.WK3.

Press [OUTPUTS..] to get into the Output Menu.

-- Press [CASHFLOW 1] to view a summary of cash flows by company. To get
back to the Main Menu, press [Alt M].

- Get Back to the Output Menu, and Press [CASHFLOW 2] to view a summary of
cash flows by zonal pools. Press [Alt M] to get back to the Main Menu.
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-- Get Back to the Output Menu, and Press [PHYSICAL] to view aggregate physical
output for each period of the day. Press [Alt M] to get back to the Main Menu.

-- Get Back to the Output Menu, and Press [DETAILED..] to view a detailed plant
by plant results for each period. Press [Alt M] to get back to the Main Menu.

- Get Back to the Output Menu, and Press [OTHER..] to get to Other
Menu.

- Press [INPUTS..] to save the REPO1.WK3 and to retrieve the
REPOINP.WK3.

- Press [DAY2..] to save the REPO1.WK3 and to retrieve the
REPO2.WK3 spreadsheet for Type Day 2 detailed results.

- Press [DAY3..] to save the REPO1.WK3 and to retrieve the
REPO3.WK3 spreadsheet for Type Day 3 detailed results.

- Press [AGGREGATE..] to save the REPO1.WK3 and to retrieve
the REPOAGGR.WK3 spreadsheet for detailed aggregate results.

- Press [FINISHED] to get back to the Main Menu in
REPOAGGR.WK3.

-- In the Main Menu of REPO1.WK3, press [REPORTS..] to print the selected
sections of the REPO1.WK3 spreadsheet.

-- Press [SAVE..] to save the REPO1.WK3 in the hard-disk.
- Press [EXIT..] to exit the program completely.

o The menus in REPO2.WK3 and REPO3.WK3 are similar to ones in REPO1.WK3.

REPOINP,WK3 MAIN Menus
MAIN Menu
INPUTS.. Enter Plant, Line, Demand, and other inputs
PROCESSING.. Select time periods to run, and run them

OUTPUTS.. Examine outputs after optimization
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REPORTS..

UPDATE..

SAVE..

EXIT..

INPUTS.. Menu

DAYL..

DAY1..
DAY2..
DAY3..
CONTROL..

GENCO..

OTHERCOSTS..

FINISHED

Menu
BIDS..
LINES..

DEMAND..

SCENARIO..

MULTIPLIERS..

FINISHED

Print inputs and outputs reports

Update the changes made to region codes, plant names or
company names in the input area to all the output areas.

Save the current spreadsheet

Return to DOS (with option to save before exiting)

Input menu for Type Day 1
Input menu for Type Day 2
Input menu for Type Day 3
Scenario name input

Input Generating Company Names, Overhead Costs, and
Assignment of Company Names to Plants

Input Plant Fixed Costs, and Zonal Prices

Return to MAIN menu

Input plant capacity, bid prices and contracts
Input lines capacity and availability

Input demand by time period, and also duration of time
periods

Provide scenario specific variables and input the stochastic
parameters

Input Plant Availability Factors (period by period) and
Demand Multiplier values.

Return to MAIN menu
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PROCESSING.. Menu
ALL Run the optimization for all 9 periods

MAIN Return to the MAIN menu without processing

OUTPUTS.. Menu
CASHFLOWS 1 View summary of cash flows by company

CASHFLOWS 2 View summary of cash flows by zone

AGGREGATE Retrieve REPOAGGR.WK3 spreadsheet
DAY1 Retrieve REPO1.WK3 spreadsheet
DAY2 Retrieve REPO2.WK3 spreadsheet
DAY3 Retrieve REPO3.WK3 spreadsheet
FINISHED Return to MAIN menu

REPORTS.. Menu
SET UP.. Set Up your printer parameters
DAY1 Print Report of DAY 1
DAY2 Print Report of DAY 2
DAY3 Print Report of DAY 3
CASHFLOW Print Report of Aggregate Cash Flows
ALL Print All Inputs and Aggregate Cash Flow Reports
FINISHED Return to MAIN menu
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UPDATE.. MENU

SAVE..

EXIT..

Menu

Menu
DOS
MAIN

RESERVED

Update Plant Names/ Regions info in Spreadsheet

Save the spreadsheet

Exit to DOS
Don’t exit. Return to main menu

For development and maintenance use only



III. USER CAUTIONS

It is important to adhere to certain fixed rules in order to maintain the performance of

the model.

o

Be sure NOT to delete, add, or move any row or column in the spreadsheet. Data can
always be moved to another spreadsheet and manipulated there.

Be sure NOT to enter "garbage inputs” e.g. entering characters in places where integers
are required. This would result in an improper running of the model.

Sometimes the model may not run properly if very high input values have been given.
It would then help to increase the Column Width of the corresponding column using the
Lotus 1-2-3 command.

Do NOT tamper with any of the "*.PRN" files which accompany the C code in the
directory C:\REPO.

If the print macros of the model are not functioning properly, check that the page size
of the printer has been appropriately set using the Lotus I-2-3 commands.

Do not use comma-based formatting for numbers, otherwise, the optimization program
will crash. Use only decimal based number formats.
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IV. INSTALLING THE REPMOFF

REPMOFF runs on any 386 or 486 DOS-based machine with at least 4 MB of RAM and
which can run Lotus 1-2-3 release 3.4 for DOS. All files are contained in one 3.5" installation
diskette in a compressed mode. The Lotus input spreadsheet is named REPOINP.WK3. The
Lotus output spreadsheets are REPO1.WK3, REPO2.WK3, REPO3.WK3 and
REPOAGGR.WK3. The Install procedure of the model will install all the C files and all the
spreadsheets in the directory C:\REPO.

Installation Steps

1. Enter DOS:

- Quit windows or any other program running on the PC and enter the DOS
command mode.

- Insert the Installation Diskette in the appropriate floppy drive of the PC. This
may be either drive A or drive B depending upon the configuration of the PC.

- At the DOS prompt type the command "A:" or "B:" to switch to the drive which
has the installation diskette.

2. Install:

- Enter the command "INSTALL".
On typing this command, the following message will be displayed on the screen:

"ALL FILES FOR REPMOFF WILL BE LOADED IN DIRECTORY C:\REPO"

If the directory does not exist, the program will create one.

3. Wait for Installation:

The installation procedure will take a few minutes and upon completion the following
message will be displayed on the screen.

"INSTALLATION SUCCESSFULLY COMPLETED"
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APPENDIX C

Terminologies Used in the Model

1.  INPUTS

The model assumes three day types to model over any given time horizon (say, a season
or a year). Thus, the entire year is modelled using three typical days. The user can input data
for each of the three day types. Each day type is further subdivided into nine periods. The user
can define the number of hours in each period so that the total number of hours across the nine
periods total to twenty four.

Bid Inputs

Unit Variable Costs: Variable costs in R‘/MWh for each generating plant.
Bid Capacity: Available capacity in MW for each generating plant.

Settlement Price: Settlement price is the least price in R/MWh that each
generating plant would settle to sell its energy under any market structure.

Dispatch Price: Dispatch price in R/MWh is the price used by the model to
perform a least cost dispatch. Usually, dispatch price is the same as settlement
price, but under certain scenarios it might be desirable to have artificial dispatch
prices to force a particular dispatch behavior.

Generator Availability Factor: This factor takes a value between 0 and 1 and is
used as the multiplier to de-rate a plant’s bid capacity.

Demand Inputs

Hours Per Period: The number of hours for each of the nine periods of the day.

Demand: Demand in MW for each zone in each period of each day. The nine
periods in a day can be used to enter a load duration curve for the day.

Line Inputs

Line Capacity: Transmission line capacity in MW between each pair of zones.
The model allows bi-directional flow across lines and also bi-directional line capacities.
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Financial I

. Line Maintenance Costs: These are the variable costs to the national grid of
maintaining transmission lines. These costs are entered in Rubles for each period
of each day.

o Fixed and Overhead Costs for the Grid: These are fixed and overhead costs in

Rubles per day for the national grid.

o Zonal Pool Fixed and OH Costs: These are fixed and overhead costs in Rubles
per day for each zonal pool.

o Zonal Distribution Company Fixed and OH Costs: These are fixed and overhead
costs in Rubles per day for each zonal distribution company. The model
currently assumes one distribution company per zone.

o Fixed Costs for Generating Plants: These are fixed costs in Rubles per day for
each generating plant.

. Overhead Costs for Generating Companies: These are overhead costs in Rubles
per day for each generating company. Each generating company may own a
number of plants. These overhead costs are the aggregate overhead costs for the
generating company owning a number of plants.

o Zonal Wholesale Price: Wholesale price in R/MWh for each zone. Zonal
wholesale price is charged by each zonal pool to its respective zonal distribution
company.

o Zonal Grid Tariff: Grid tariff in R“/MWh for each zone. Zonal grid tariff is
charged by the national grid to respective zonal distribution companies.

. Zonal Retail Price: Retail price in R/MWh for each zone. Zonal retail price is
charged by each zonal distribution company to the customers in its zone.

Generating Company Inputs

o Company Names: The name of each generating company assigned to a specific
company number or company id e.g. company number 1 could be given the name
"Electric Col".
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Assign Company Number to Plants: This is used to input the ownership structure
for the generating plants by assigning a company number to each generating
plant.

Multiplier Input

Plant Capacity Multipliers: These multipliers are factors by which the bid
capacity of plants is scaled for each period of the run.

Demand Multiplier: The factor by which the demand for each period within a
day is scaled.

ther Input:

Pi: Probability that a generating plant will have its full de-rated bid capacity
available for production. De-rated bid capacity is the bid capacity times the
generator availability factor.

Sigma.pi: Multiplier (between 0 and 1) by which the de-rated bid capacity of a
plant gets further scaled to result in available capacity.

Lambda: Probability that a transmission link is fully available.

Line.d: Multiplier (between 0 and 1) by which a transmission line’s capacity is
scaled to result in available capacity.

Delta.d: Probability that demand will be less than projected.

Sigma.d: Multiplier (between 0 and 1) to scale demand for the lower demand
case.

Delta.u: 1 - (Probability that demand will be higher than projected).

Sigma.u: Multiplier ( must be > = 1) to scale demand for the higher demand
case.

Seed: Integer value between 1 and 1000 used by the random number generator
of the model. Different seed values generate different series of random numbers.
Same seed values will always generate the same series of random numbers at all
times.
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Alpha: Multiplier (between 0 and 1) to scale the adjusted transmission line
capacity (adjusted for any probabilistic break downs) and result in net transfer
capacity across each line.

Num Days: The number of days represented by each day type.

Loss Factor: Loss factor (between 0 and 1) is the linear power loss factor across
each line. Thus, a loss factor of 0.05 implies that approximately 5 per cent of

power gets lost in transmission across a line.

Control Inputs

These are inputs which are common for all the day types.

Scenario Id: The identification for each scenario can be up to 8 characters.

Scenario.Desc: The description for the scenario run by the model. Scenario Id
and scenario description are useful for identifying various runs made by the
model.

Market Structure: "1" for type A, "2" for type B, and "3" for type C market
structure.

Shadow Price?: "1" to compute the shadow prices for generating plants and
transmission lines; "0" otherwise.

OUTPUTS FOR EACH DAY TYPE
Detailed Qutputs

These are outputs for each generating plant for each period of each day.

Variable Costs: Variable costs in R for each generating plant computed by
multiplying the total generation (MWh) of the plant in a given period by its unit
variable cost (R/MWh).

Settlement Price: Original settlement price (R/MWh) that was input by the user.

Dispatch Price: Actual dispatch price (R/MWh).
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o Adjusted Capacity: This is the available capacity in MW of each generating plant
for each period of the day adjusted for any de-rating and any stochastic scaling
of capacity.

. Unconstr Sch. MW: This output is meaningful for only Type A market structure.
It is the unconstrained scheduled MW for each generating plant computed by the
unconstrained merit order under bid price based uniform system marginal price
market structure (Type A).

. Constr Sch. MW: This is the final scheduled generation (in MW) for each
generating plant as produced by the dispatch algorithm of the model.

o Adjusted Settlement Price: Adjusted settlement price is the actual settlement price
used in computing payments made by the zonal pool to the generating plants in
its zone. Adjusted settlement price may or may not be the same as the original
settlement price input by the user depending upon the market structure e.g. under
Type A market structure the adjusted settlement price is SMP for all plants in the
unconstrained merit order and is bid price for all other plants. Under Type B
market structure the adjusted settlement price for a plant is the ZMP of its zone.

. ZMP: Zonal marginal price (in R‘"MWh) for each zone.

. Energy Payments: These are payments made by the zonal pool to the generating
plants for the purchase of energy. Energy payments are usually the total
payments made by the zonal pool to the generating plants except in Type A
market structure. Under Type A market structure all energy payments are
payments made based on SMP. Any payments made in excess of SMP based
payments are known as Uplift payments.

. Uplift Payments: Uplift payments are payments made by zonal pools to
generating plants under Type A market structure over and above SMP based
energy payments. Uplift payments are zero for other market structures. The
uplift payment component arises for constrained-on plants whose bid price is
greater than SMP.

. Total Payments: Total payments received by each generating plant. This is the
sum of energy and uplift payments.

Physical Outputs

. Realized Plant Capacities: These are the realized plant capacities in MW for each
period of the day, adjusted for any de-rating and any stochastic scaling.

31



Realized Demand: These are demand values in MW for each zone in each period
of the day adjusted for any stochastic variations.

Actual Demand Met: This is the actual demand met (in MW) in each zone for
each period of the day.

Shortage: This is the shortage in MW for each zone in each period of the day.

SMP: This is the system marginal price in R‘MWh for each period of the day.
SMP is meaningful only for Type A market structure.

Realized Line Capacities: These are the final realized line capacities in MW for
each period of the day adjusted for any stochastic scaling.

Actual Line Transfer: This is the actual flow in MW across each transmission
line for each period of the day.

CashFlow Outputs

Income Statement for the National Grid: Income statement for the day.
Income Statement for the Generating Companies: Income statements for the day.
Income Statement for the Zonal Pools: Income Statement for the day.

Income Statement for the Zonal Distribution Company: Income Statement for the
day.

Benchmark Zonal Wholesale Prices: Daily benchmark zonal wholesale price in
R/MWh for each zone. The benchmark zonal wholesale price for a zonal pool
is the break-even price for that pool. It is the price at which the zonal pool can
sell its energy to the distribution companies so as to recover all its costs, i.e. it
is the price at which "revenue from sale in wholesale market + export earnings
= cost of buying power from generating plants + import costs + fixed and
overhead costs”. The benchmark price is thus the least price that a zonal pool
can charge to recover all its costs.

Average System Wholesale Price: Daily benchmark system wholesale price in
R/MWh for the entire system. This price is computed by dividing ( the total
payments made to the generating plants by all the zonal pools plus the total fixed
and overhead costs of all zonal pools) by (the total consumption of power in the
entire system). It is the least average wholesale price that each zonal pool can
charge so that the total costs for all the pools combined is recovered.
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* Benchmark Zonal Retail Price 1: Daily benchmark zonal retail price 1 in
R/MWh for each zone. Benchmark retail price 1 is the break-even price at which
a zonal distribution company can recover all its costs assuming that the
distribution company buys power in the wholesale market at benchmark zonal
wholesale prices. Thus, this price is the least price that a zonal distribution
company can charge to recover all its costs. The costs to a distribution company
are the costs of buying power in the wholesale market, the grid tariff payments
made to the national grid and the fixed and overhead costs.

o Benchmark Zonal Retail Price 2: Daily benchmark zonal retail price 2 in
R/MWh for each zone. Benchmark retail price 2 is the break-even price at which
a zonal distribution company can recover all its costs assuming that the
distribution company buys power in the wholesale market at the wholesale prices
input by the user. Thus, this price is the least price that a zonal distribution
company can charge to recover all its costs. The costs to a distribution company
are the costs of buying power in the wholesale market, the grid tariff payments
made to the national grid and the fixed and overhead costs.

o Average System Retail Price 1: Daily benchmark system retail price 1 in
R/MWh for the entire system. Average system retail price 1 is the least average
retail price that each zonal distribution company can charge so as to recover the
total costs for all the distribution companies combined assuming that the
distribution company buys power in the wholesale market at benchmark wholesale
prices.

o Average System Retail Price 2: Daily benchmark system retail price 2 in
R/MWh for the entire system. Average system retail price 2 is the least average
retail price that each zonal distribution company can charge so as to recover the
total costs for all the distribution companies combined assuming that the

distribution company buys power in the wholesale market at wholesale prices
input by the user.

AGGREGATE OUTPUTS FOR THE ENTIRE YEAR

Aggregate Detailed Outputs

. Variable Costs: Yearly variable costs for each generating plant.

. Total Generation: Yearly total generation in MWh for each generating plant.
. Energy Earnings: Yearly energy earnings for each generating plant.

. Uplift Earnings: Yearly uplift earnings for each generating plant.
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Aggregate Fixed Costs: Yearly fixed costs for each generating plant.

Income: Yearly income for each generating plant.

Aggregate Physical Outputs

Consumption: Yearly consumption of energy in MWh for each zone.
Generation: Yearly generation of energy in MWh for each zone.
Shortage: Yearly shortage of energy in MWh for each zone.

Adjusted Capacity: Adjusted generation capacity in MW for each zone for each
day type.

Imports: Yearly import of energy in MWh for each zone.
Exports: Yearly export of energy in MWh for each zone.
Line Activity: Number of hours in the year that a line limit is used.

Line Utilization: Line limit utilization in percentage. This is computed by
dividing line activity (in hours) by the total number of hours in a year.

Line Shadow Price: Line shadow price in R‘/MW is the reduction in the total
payments received by all generating plants in a year due to 1 MW increase in the
capacity of a line.

C-On Plant Usage: This is the number of hours a plant is used in a year as a
constrained-on plant under Type A market structure.

Total Plant Usage: This is the total plant usage in hours for the entire year.

Total Plant Utilization: This is the total plant utilization in percentage computed
by dividing the total number of hours a plant is used by the total number of hours
in a year.

Plant Shadow Price: Plant shadow price in R/MW is the reduction in the total

payments received by all generating plants in a year due to 1 MW increase in the
capacity of a plant.
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CashFlow Qutputs

Income Statement for the National Grid: Income statement for the year.
Income Statement for the Generating Companies: Income statements for the year.
Income Statement for the Zonal Pools: Income Statement for the year.

Income Statement for the Zonal Distribution Company: Income Statement for the
year.

Benchmark Zonal Wholesale Prices: Yearly benchmark zonal wholesale price in
R/MWh for each zone. The benchmark zonal wholesale price for a zonal pool
is the break-even price for that pool. It is the price at which the zonal pool can
sell its energy to the distribution companies so as to recover all its costs i.e. it
is the price at which "revenue from sale in wholesale market + export earnings
= cost of buying power from generating plants + import costs + fixed and
overhead costs”. The benchmark price is thus the least price that a zonal pool
can charge to recover all its costs.

Average System Wholesale Price: Yearly benchmark system wholesale price in
R/MWh for the entire system. This price is computed by dividing ( the total
payments made to the generating plants by all the zonal pools plus the total fixed
and overhead costs of all zonal pools) by the total consumption of power in the
entire system. It is the least average wholesale price that each zonal pool can
charge so that the total costs for all the pools combined is recovered.

Benchmark Zonal Retail Price 1: Yearly benchmark zonal retail price 1 in
R/MWh for each zone. Benchmark retail price 1 is the break-even price at which
a zonal distribution company can recover all its costs assuming that the
distribution company buys power in the wholesale market at benchmark zonal
wholesale prices. Thus, this price is the least price that a zonal distribution
company can charge to recover all its costs. The costs to a distribution company
are the costs of buying power in the wholesale market, the grid tariff payments
made to the national grid and the fixed and overhead costs.

Benchmark Zonal Retail Price 2: Yearly benchmark zonal retail price 2 in
R/MWh for each zone. Benchmark retail price 2 is the break-even price at which
a zonal distribution company can recover all its costs asswming that the
distribution company buys power in the wholesale market at the wholesale prices
input by the user. Thus, this price is the least price that a zonal distribution
company can charge to recover all its costs. The costs to a distribution company
are the costs of buying power in the wholesale market, the grid tariff payments
made to the national grid and the fixed and overhead costs.
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Average System Retail Price 1: Yearly benchmark system retail price 1 in
R/MWh for the entire system. Average system retail price 1 is the least average
retail price that each zonal distribution company can charge so as to recover the
total costs for all the distribution companies combined assuming that the
distribution company buys power in the wholesale market at benchmark wholesale
prices.

Average System Retail Price 2: Yearly benchmark system retail price 2 in
R/MWh for the entire system. Average system retail price 2 is the least average
retail price that each zonal distribution company can charge so as to recover the
total costs for all the distribution companies combined assuming that the
distribution company buys power in the wholesale market at wholesale prices
input by the user.
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APPENDIX D

Data Input to the Framework

Available Data

The data and results provided in the later appendices are preliminary and for

demonstration only, and they are not meant to be used to draw any conclusions about investment
alternatives.

a) Model of electric transmission system in Russia aggregated at 8 zone levels:

b)

g)
h)

1 North West
Center

North Caucus
Mid Volga
Ural

Siberia
Tyumen

Far East

W~ O bW

Model of generation aggregated as eight plant-types in each zone:
1 NPP: Nuclear

2 HPP: Hydro

3 CPP-A: Condensed Steam (Gas, Oil, Steam)

4 CPP-B: Condensed Steam (Gas, Steam)

5 CPP-C: Condensed Steam (Coal)

6 CHP-A: Combined Heat/Power (Gas, Oil, Steam)

7 CHP-B: Combined Heat/Power (Gas, Steam)

8 CHP-C: Combined Heat/Power (Coal)

9 GT: Gas Turbine

Bi-directional transmission capacity limits between zones.
Plant-type capacities in each zone.

Plant-type heat rates in each zone.

Plant-type fuel cost in each zone.

Plant-type minimum yearly hours of operation in each zone.

Plant-type maximum yearly hours of operation in each zone.
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i) Monthly demand levels in each zone.

j) Load shape for a peak winter day (the only day-type used in ERI’s integrated resource
planning program).

k) - Additional information on the peculiarities of dispatch for hydro and combined
heat/power plants.

Data Sources

The following are the data sources for the preliminary data set for 1992 used by the
model:

. Demand: Data taken from tables provided by the Working Group 5 "Strategy and
Integration”, March 1994,

. Generator Capacities: Data taken from tables provided by the Working Group
" In ion", March 1994

° Generator Variable Costs: Data provided directly by ERI.
o Generator Availability Factors: Data provided directly by ERI.
o Transmission Line Capacities: Data provided directly by ERI.

o Zonal Hourly Load Curves (demand multipliers): Data provided in ERI computer
output sheet.

o Zonal Investments: Data provided in ERI computer output sheet.

Data Input Sheets
The following are the data input sheets used by the model.
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-l . .

Scenario: ERI1908 (REPMOFF)

ERI 1905 Scenario, 0719/04

RUSSIAN ELECTRIC POWER MARKET

< REPOREPOING W3

OPERATIONAL & FANANCIAL FRAMEWORK 200194 12.48
Input Documentation
L m? 1 — (Note: Totai Day
In the Year

may not be 365
Plant Piant
Plant Zons Company Plant Plant Variable Bid Settlement Dispaich Availabiity Fiwd Costs
) No. Code Nl{no Name Cost Capacty Price Price Factor per Day
: i S A (R/MWh) (MW) (R/MWh) (RMWh)  (betw0 & 1)  (RublesDay)
[+} NWEST NWEnetgo HPP 0.00 2900.0 10.00 10.00 1.00 4]
1 NWEST MINATOM NPP 0.00 5800.0 10.00 10.00 1.00 0
2 NWEST NWEnergo CHP-A 13.53 2500.0 23.53 23.53 1.00 0
3 NWEST  NWEnergo CHP-B 0.00 0.0 0.00 0.00 1.00 0
4 NWEST NWEnergo CHP-C 13.55 1900.0 23.58 23.55 1.00 0
5 NWEST NWEnergo CPP-A 21.54 1200.0 31.54 31.54 1.00 0
8 NWEST NWEnergo cPP-B 0.00 0.0 0.00 0.00 1.00 0
7 NWEST NWEnergo GT 0.00 0.0 0.00 0.00 1.00 [
8 NWEST NWEnergo CPP-C 0.00 200.0 10.00 10.00 1.00 0
9 NWEST NWEnergo Other 0.00 0.0 0.00 0.00 1.00 o]
10 NWEST  NWEnergo Other 0.00 0.0 0.00 0.00 1.00 [+}
1 NWEST  NWEnergo Other 0.00 0.0 0.00 0.00 1.00 0
12 NWEST NWEnergo Other 0.00 0.0 0.00 0.00 1.00 4]
13 NWEST LM & Defict LM 0.00 10000.0 0.00 500.00 1.00 0
14 NWEST LM & Defict LM 0.00 10000.0 0.00 500.00 1.00 [+]
15 NWEST LM&Defict LM 0.00 10000.0 0.00 500.00 1.00 0
18 CENTER CNEnergo HPP 0.00 4900.0 10.00 10.00 1.00 0
17 CENTER MINATOM NPP 0.00 12800.0 10.00 10.00 1.00 0
18 CENTER CNEnergo CHP-A 15.51 14800.0 25.51 25.51 1.00 0
19 CENTER CNEnergo CHP-B 0.00 0.0 0.00 0.00 1.00 0
20 CENTER CNEnergo CHP-C 12.68 8200.0 2268 2265 1.00 0
21 CENTER CNEnergo CPP-A 20.23 7000.0 30.23 30.23 1.00 0
22 CENTER CNEnergo CPP-B 0.00 0.0 .00 0.00 1.00 (]
23 CENTER CNEnergo GT 11.78 500.0 21.78 21.78 1.00 [}
24 CENTER CNEnrergo CPP-C 18.83 3300.0 26.83 26.83 1.00 . 0
25 CENTER CNEnmergo Other 0.00 0.0 0.00 0.00 1.00 I
26 CENTER CNEnergo Other 0.00 0.0 0.00 0.00 1.00 0
27 CENTER CNEnergo Cther 0.00 0.0 0.00 0.00 1.00 0
28 CENTER CNEnergo Other 0.00 0.0 0.00 0.00 1.00 o]
20 CENTER LM&Defict LM 0.00 10000.0 0.00 500.00 1.00 0
30 CENTER LM&Defict LM 0.00 10000.0 0.00 500.00 1.00 o
31 CENTER LMA&Defict LM 0.00 10000.0 0.00 500.00 1.00 0
32 NCAUC NCEnergo HPP 0.00 3000.0 10.00 10.00 1.00 0
33 NCAUC MINATOM NPP 0.00 0.0 0.00 0.00 1.00 0
34 NCAUC NCEnergo CHP-A 18.99 1900.0 28.90 28.99 1.00 0
as NCAUC  NCEnergo CHP-B 0.00 0.0 0.00 0.00 1.00 0
36 NCAUC NCEnergo CHP-C 23.54 100.0 33.54 33.54 1.00 0
37 NCAUC NCEnergo CPP-A 22.00 3000.0 32.00 32.00 1.00 [+]
38 NCAUC  NCEnergo CcPP-B 0.00 0.0 0.00 0.00 1.00 0
30 NCAUC NCEnergo  GT 0.00 0.0 0.00 0.00 1.00 o
40 NCAUC NCEnergo CPP-C 20.61 800.0 30.81 30.81 1.00 0
41 NCAUC NCEnergo Other 0.00 0.0 0.00 0.00 1.00 ]
42 NCAUC NCEnergo Other 0.00 00 0.00 0.00 1.00 0
43 NCAUC NCEnergo Other 0.00 0.0 0.00 0.00 1.00 0
44 NCAUC NCEnergo Other 0.00 0.0 0.00 0.00 1.00 0
45 NCAUC LtM&Defick LM 0.00 10000.0 0.00 500.00 1.00 0
48 NCAUC LM&Defick LM 0.00 10000.0 0.00 500.00 1.00 0
47 NCAUC LtM&Deflct M 0.00 10000.0 0.00 500.00 1.00 [+]
48 MVOLGA MVEnergo HPP 0.00 6200.0 10.00 10.00 1.00 [}
40 MVOLGA  MINATOM NPP 0.00 4000.0 10.00 10.00 1.00 "]
50 MVOLGA MVEnergs CHP-A 15.30 9500.0 25.30 25.30 1.00 [+}
51 MVOLGA MVEnergo CHP-B 0.00 0.0 0.00 0.00 1.00 0
52 MVOLGA MVEnergo CHP-C 10.60 1400.0 20.60 20.80 1.00 0
53 MVOLGA MVEnergo CPP-A 20.42 1300.0 30.42 30.42 1.00 0
54 MVOLGA MVEnergo cPP-B 0.00 00 0.00 0.00 1.00 [+}
55 MVOLGA  MVEnergo GT 0.00 0.0 0.00 0.00 1.00 [}
56 MVOLGA MVEnergo cPP-C 0.00 0.0 0.00 0.00 1.00 0
57 MVOLGA MVEnergo Other 0.00 0.0 0.00 0.00 1.00 0
58 MVOLGA MVEnergo Other 0.00 0.0 0.00 0.00 1.00 0
5@ MVOLGA MVEnergo Other 0.00 0.0 0.00 0.00 1.00 0
60 MVOLGA MVEnergo Other 0.00 0.0 0.00 0.00 1.00 0
a1l MVOLGA LM & Defict LM 0.00 10000.0 0.00 500.00 100 [¢]
62 MVOLGA LM&Defict LM 0.00 10000.0 0.00 500.00 1.00 0
83 MVOLGA (M&Defict LM 0.00 10000.0 0.00 500.00 1.00 0
84 URALS UREnergo HPP 0.00 1800.0 10.00 10.00 1.00 0
-] URALS MINATOM NPP Q.00 800.0 10.00 10.00 1.00 0

DAY 1: Bid Inputs, page 1 of 3
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Soenasie: ERNGES

ERl 1996 Sasnarie, 07/ 1/94 |

1'7. i —

FAREAST  FEfneme
FAREAST FEBherge
FAREAST FEllverge
FAREAST FEBnergd

:

]

P-C

sl i1

TOTAL

(REPMOFTF)

AUSBIAN ELECTRIC POWER MARKET

CYIPOVIFONS W3
OPERATIONAL & FINANCIAL FRAMEWORK Do 128
{Note: Total Dewe
n feYear
may not de 306 1)
Plarvt Mant
Bid  Sellement Dispatch  Avalablity  Fixed Coms
Price Eacior
(MW) (VMwWY) (RMWh)  bew 08 1)  (RudeaDey)
22000 23.74 2374 1.00 [
0.0 0.00 0.00 1.00 °
6600.0 19.04 19.54 1.00 [}
7300.0 27.64 764 1.00 0
0.0 0.00 0.00 1.00 [}
0.0 0.00 0.00 1.00 of
82000 21.48 2148 1.00 ()]
0.0 0.00 0.00 1.00 [}
0.0 0.00 0.00 1.00 [}
0.0 0.00 0.00 100 [
0.0 0.00 0.00 1.00 0
10000.0 0.00 500.00 1.00 0
10000.0 0.00 $500.00 1.00 [
10000.0 0.00 $00.00 1.00 [}
22%0.0 10.00 10.00 1.00 0
00 0.00 0.00 1.00 0
00 0.00 0.00 1.00 []
[.X] 0.00 0.00 1,00 [}
14300.0 13,09 15.09 1.00 [}
LX) 0.00 10.00 1.00 [}
00 0.00 10.00 1.00 o
0.0 0.00 10.00 1.00 °
4000.0 16.00 10.00 1.00 [}
0.0 0.00 0.00 1.00 [}
0.0 0.00 0.00 1.00 [}
0.0 0.00 0.00 1.00 [
0.0 0.00 0.00 1.00 [}
10000.0 0.00 500.00 1.00 [}
100000 0.00 500,00 1.00 [}
100000 0.00 500.00 1.00 0
0.0 0.00 0.00 1.00 [}
0.0 0.00 0.00 1.00 0
17000 2.0 22.00 1.00 [}
0.0 0.00 0.00 1.00 [
8000.0 13.03 15.08 1.00 ]
0.0 0.00 0.00 1.00 [
0.0 0.00 0.00 1.00 [
0.0 0.00 0.00 1.00 [}
0.0 0.00 0.00 1.00 [}
0.0 0.00 0.00 1.00 -]
0.0 0.00 0.00 1.00 (-]
0.0 0.00 0.00 1.00 [
0.0 0.00 0.00 1.00 0
10000.0 0.00 $00.00 1.00 (]
10000.0 0.00 500.00 1.00 [
10000.0 0.00 300.00 1.00 (-]
1300.0 0.00 10.00 1.00 [}
00 0.00 0.00 1.00 [
0.0 0.00 0.00 1.00 [
00 0.00 0.00 1.00 [3
18.19 2900.0 25.19 2519 1.00 [
0.00 0.0 .00 0.00 1.00 [}
0,00 0.0 0.00 0.00 1.00 [}
0.00 0.0 0.00 0.00 1.00 []
28.02 2700.0 .02 33.02 1.00 [}
0.00 0.0 0.00 0.00 1.00 0
0.00 0.0 0.00 0.00 1.00 0
0.00 0.0 0.00 0.00 1.00 [}
0.00 0.0 0.00 0.00 1.00 [
0.00 00 0.00 0.00 1.00 ]
0.00 0.0 0.00 0.00 1.00 ]
0.00 0.0 0.00 0.00 1.00 []
0.00 100000 0.00 500.00 1.00 °
0.00 10000.0 0.00 $00.00 1.00 ]
0.00 10000.0 0.00 500.00 100 (]
422,400

OAY 1. lid rpu, page 2073
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Sosnaric:  ERI1906
ERl 1906 )/

Inputs Documentation

T. Enter hows per pda. Then press snier.
2. Enter expecied demand by region, then

| 098 *onter’ key when finished.
T T T R : 5

{FEPMCFF)
RUSSIAN ELECTRIC POWER MARKET
OPERATIONAL & FINANCIAL FRAMEWORK

-

AP VR O Wi )
DJE 1308

K 3 3 3 3 3]
Eor aiiPeriods InoutDev'a PeskkDemend (MW~ Perdod] ~ Periodg  Periodd — Periodd ™ Periods [
NWEST 14400 14400 14400 14400 14400 14400 0
CENTER 51200 §1200 51200 51200 51200 §1200 0
NCAUC 9500 9500 9500 9500 9500 9500 0
MVOLGA 22400 22400 22400 22400 22400 22400 0
URALS 26800 26800 26800 26800 26800 26800 0
SIBERIA 41200 41200 41200 41200 41200 41200 0
TYUMEN 9700 9700 700 9700 9700 9700 o
FAREAST 8000 8900 8000 6900 5900 6500 0
Total 182,100 182,100 182,100 182100 182,100 182,100 182,100 182,100 0
Zonal Pool Zonal Distbutic ‘Reguistion’  'Raguiation’
Note: YEARLY INVESTMENT Veluss shouldbe Fixad / Over— Fixed / Ovar- Zonal Zonal Zonel
divided by the SUM of Days in head Costs & head Costs & Whoiesale Ratail Girid
DAY1, DAY2 and DAY3 i
NWEST 0
CENTER ]
NCAUC ]
MVOLGA [+]
URALS [+]
SIBERIA 0
TYUMEN 0
FAREAST 9
o - ACA W)
Zone
NWE ST CENTER NCAUC MVOLGA URALS SBERIA TYUMEN FAREAST
NWEST 0 1600 [} [} 0 ] ] 0
CENTER 1600 0 1000 4000 b} ] ] 0 .
NCAUC 0 1000 0 0 0 0 [+] Q -
MVOLGA 0 4000 [+} 0 3000 0 0 0
URALS 0 0 0 1800 0 3000 1000 Q
SIBERIA 0 0 ] 0 3000 0 4] [+]
TYUMEN Q Q0 ) 0 1000 [} 0 0
LEAREAST 9 0 0 9 0 9 o 0

T

2: Enter numdays, loss factor, siochastic variables, Other decision vasiabiles,
fin

Sosnsrio iD[EAI5e8 | Lised In fllenams. Maximum 7 jletlers or numbers, minimum 1.
Deec. | ERI 1996 Scenario, 07/15/04 —— Describes scenwio. Mex 31 cher,
Nurn Days 80 | Number of days represented by DAY1
Loss Feglar 0.08 | Give a veius betwesn 0 and 1 for the linear line ioss lactor
Stochmiic innule.
plania -] 1.00 |Prob ability plant wil produce expected capaciy
sigmap 0.501 Multiplier il [tdossn't
fines lambda) 1.00 |Prob sbility ine wil be avalable
lne.d 1.00 | Multplier for iower line cepaciy
demand delad 0.00 [Prob abiiity demand wil be lower than projecied
sigmad 0.971 Multplier for lower demard case (mustbe <= 1)
delauf 1.00{1 - (Prababilty demanc wil be igher than projecied
sigmau 1.03] Muitplier tor higher demand cess (mustbe >= 1}
mad 1 | Give an integer value for sead; Detween 1 and 1000
Markat Sruckes 3 "1"for Type A2 r B, ¥ or C:
Abhs 1| Give a velus batwesn 0 and 1 for Aphe
Net line capaciy ges muliplied by apha

DAY 1: Demand & P wameter inpub, page 301 3
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(MEPMOPF’
RUBSAMELECTRICPOWER MARKEY

C PG PoRe WL
OPEM TIONALA FINANGALF RAMEWORK D sape 1280
ipauts Occumentaion
(Now: et Days
in he Year
May netbe 368
Mot
Plant \astabis o Y Pued Conts
cont Saonly Boge.. Enca Exmt
(R (MW} (AW [ ] (bowodl) (FubimeDay
14 53000 2. " .00 [}
000 0.0 0.00 0.00 1.00 0
84 $600.0 19.08 19.06 1.00 0
178 1300 76 am 1.00 L]
0.00 0 0.00 0.00 1.00 Q
0.00 00 000 .00 100 [}
1Ha 0.0 na na 1.00 )
0.00 g0 0.00 0.00 1.00 [
0.0 00 0.00 Q.00 1.00 ]
0.00 a0 0.00 0.00 1.00 [
0.00 0o 0.00 0.00 1.00 []
0.00 10000 .00 800.00 1.00 ]
0.00 10000.0 0.00 300.00 1.00 ]
.00 10000.0 0.00 $00.00 1.00 0
0.00 22000 10.0 10.00 1.00 )
0.00 (X ] 2.00 0.00 1.00 0
0.00 00 a.00 0.00 1.00 ]
0.00 a0 0.00 0.00 1.00 ]
803 14300.0 18.00 18.03 1.00 ]
9.00 0.0 0.00 10.00 1.00 -]
090 0.0 0.00 10.00 1.00 L]
0.00 00 0.00 t0.00 100 L]
.60 4800.0 1.0 140 1.00 ]
0.00 00 0.00 0.00 100 L]
0.00 00 0.00 0.00 1.00 L]
.00 (-1} 0.00 0.00 100 [
0.00 00 0.00 0.00 1.00 0
0.00 10000.0 9.00 600.00 1.00 []
0.00 10000.0 0.00 500.00 1.00 o
0.00 10000.0 0.00 $00.00 1.00 [}
0.00 00 0.00 0.00 1.00 [}
0.00 00 0.00 0.00 1.00 [}
1208 17Ma.0 2 ne 1.00 [}
0.00 o0 0.00 0.00 100 a
403 00000 15.0 150 1.00 [ ]
Q.00 (1] 0.00 0.00 100 L]
a0 o2 2.00 o.00 1.00 L]
0.00 00 .00 0.00 1.00 []
000 00 000 0.00 1.00 [}
0.00 (1] 0.00 0.00 1.08 L
0.00 o8 c.00 0.00 1.00 L]
(2] 00 0.00 000 1.00 [}
0.00 00 0.00 0.00 1.00 []
0.00 10000.0 000 §00.00 1.00 []
.00 10000.0 0.00 800.00 1.00 Q.
.00 100000 000 $0.00 1.00 0
0.00 1300 000 100 100 [}
000 0 0.00 .00 1.00 0
0.00 00 0.00 0.00 1.00 [}
0.00 0.0 9.00 0.00 1.00 [}
thie 200.0 2840 %19 100 [}
0.00 o0 0.00 .00 1.00 [}
.00 w0 .00 0.00 1.00 [}
0.00 00 9.08 .00 1.0 a
p-1 2000 k-1 D0 1.00 0!
ooe 00 a.00 .00 1.00 []
000 [].] Q.00 0.00 100 [}
000 00 .00 0.00 1.00 [}
0.00 00 0.00 0.00 1.00 [
0.00 (1] 000 000 1.00 ]
000 00 000 000 100 ]
000 00 000 o0 1.08 []
000 10000.0 a.08 000 1.00 0
0.00 10000.0 000 §00.00 1.00 0
000 10000.0 0.00 500.00 108 o
42400
BEST AVAILABLE COPY
DAY 2: Bl mpuln, page 2 ot3



Scenusie: EN WES j (REPMOFF)
ERI 12048 Scenaris, 07/18/04

AUSSIAN ELECTRIC POWER MAAKET

CVPOREN NS way

OPERATIONAL & FINANCIAL FRAMEWORK 21 aad4 1350
inguts Decumenmtion.
E—]
3 3 3 3 3 F) 3]
14400 14400 14400 14400 14400 ]
51200 51200 81200 91200 5200 0
2800 om0 9500 2800 9800 0
22400 22400 22000 224600 23400 0
20800 26800 2000 20800 20000 [
41200 41200 4100 41200 4200 0
TYUMEN 970 om0 9700 970 M0 9700 [}
FAREAST 5900 8900 8900 [ 8300 0900 [’
Tod 182, 100 182,100 162,100 182,100 192,100 192, 100 182, 100 182, 100 Q
(FINANCIAL & _OTHEN _INPUTS
Zonal Pool Zonal Dk ‘Reguinion’ ‘Regul
Now! YEARLY INVESTMENT Valuse should be  Fixed / Over— Fixed / Qver~ Zonal Zohal
divided by the SUM of Days in head Coets & headCosts & Wholssais Retall
DAY1, DAY2 and DAY Investrment Investment Price Price
Rubles/Day (Rubles/Day (R/MWh) {R/MWh)
NwaT 120008 1] 0.00 0.00
CENTER 4100008 [} 0.0 0.00
NCAUC 2004287 0 0.00 0.0
MVOLGA 1285642 [} 0.00 0.00
URALS S0B503 -] 0.0 0.00
SIBERA 40247TR ] 0.00 0.00
TYUMEN 680350 [} 0.0 0.0
FAREAST 3314079 ] 0.00 0.0
NWEST CENTER NCAUC MVOLGA URALS SIBERA TYUMEN FAREAST
[} 16000 [] [] [) 0 [} [
1600 ] 1000 4000 L] [} -] °
0 1000 [ 0 ° [ ] Q
L] 4000 ¢ Q %00 ] ] o
] ] [} 1500 [} 3000 1000 ]
] 0 [} o 3000 1] o ]
] ] ] L] 1o o ] 0 -
] ) ] [} ) [ [] )
Saenetie . | D | ERl1NS in . Max| 4 of PUMbErs, minimum 1.
Desc. | EM 1006 mb. 07/ 1984 Describes somaric. Max 31 ohes.
MumDaw Number of daye meoresented by DAY2
Lomm Factar tul Qivea valie between 0 and t for the ineer line ioss factor
Machamio ingwn.
planis. -] 1.00 | Probabilty plant will produce sxpected capacity
nigma.p 0.90 | Muliplier ¥ & dosen't
Ins ‘armbda 1.00 i Probebiity ine wil be avallabls
ne.d 1.00 | Multiplier for lower line capacity
emand dotad 0.00 demand wil be lower than projscted
sigma.d 0.57 | Muliplier for lower demand cass  (mustbe <= 1)
deita.u 1.00 | 1 ~ {Probabiity demand wil be highar han projeciad)
sigmau _ _ 1.09] Muliplier for higher demandcase (mustbe > = 1)
el 1] Givean integer velue for seed; between 1 and 1000
Mackat Suclure 3|“t"fer Type A, Tir §; “¥ for C;
Algha, 1] Give s valie bebwaen O and | for Mphe
Net fine capec ity gots mulipied by aipha
BEST AVAILABLE COPY

DAY £ Demand & Pasametar Ipuls. page 3ot 3
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Scenmio: ERI1995
ER| 1908 Scenario, 07/1%/9¢

7§
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(REPMOFF)

RUSSWAN ELECTRIC POWER MARKET

OPERATIONAL & FINANCIAL FRAMEWORK

Inputs Documentation

 \REPOREPOMN W)
21 igs 13:83

(Note: Total Day
Inthe Year
May not be 385
Plant Plant
Plant Variable Bid Sdtiement Dispaich Availgbilty  Fixed Costs
Cost c Price Price Factor per Day
RMWh) MW fRMWh) AMWH) bewO0&1) RublesDay)
0.00 2900.0 10.00 10.00 1.00 0
Q.00 5800.0 10.00 10.00 1.00 0
13.53 2500.0 23.53 23.53 1.00 0
0.00 0.0 0.00 0.00 1.00 Q
13.55 1900.0 23.5% 23.55 1.00 0
21.54 1200.0 31.54 31.54 1.00 0
0.00 0.0 0.00 0.00 1.00 0
0.00 0.0 0.00 0.00 1.00 [+]
0.00 200.0 10.00 10.00 1.00 0
0.00 0.0 0.00 0.00 1.00 0
0.00 0.0 0.00 0.00 1.00 0
0.00 0.0 0.00 0.00 1.00 0
0.00 0.0 0.00 0.00 1.00 0
0.00 10000.0 0.00 500.00 1.00 0
0.00 10000.0 0.00 500.00 1.00 0
0.00 10000.0 0.00 500.00 1.00 0
0.00 4900.0 10.00 10.00 1.00 0
0.00 12800.0 10.00 10.00 1.00 b}
15.51 14800.0 25.51 25.51 1.00 0
0.00 0.0 0.00 0.00 1.00 0
12.88 8200.0 22.68 22.88 1.00 0
20.23 7000.0 30.23 30.23 1.00 "]
0.00 0.0 0.00 0.00 1.00 ]
11.78 500.0 21.78 21.78 1.00 0
18.83 3300.0 26.83 26.83 1.00 0
0.00 0.0 0.00 0.00 1.00 0
0.00 0.0 0.00 0.00 1.00 0
0.00 0.0 0.00 0.00 1.00 0
0.00 0.0 0.00 0.00 1.00 0
0.00 10000.0 0.00 500.00 1.00 0
0.00 10000.0 0.00 500.00 1.00 0
0.00 10000.0 0.00 500.00 1.00 0
0.00 3000.0 10.00 10.00 1.00 0
0.00 0.0 0.00 0.00 1.00 0
18.99 1900.0 28.90 28.99 1.00 0
0.00 0.0 0.00 0.00 1.00 0
23.54 100.0 33.54 33.54 1.00 0
22.00 3000.0 32.00 32.00 1.00 0
0.00 0.0 0.00 0.00 1.00 [+}
0.00 0.0 0.00 0.00 1.00 0
20.61 800.0 30.61 30.61 1.00 0
0.00 0.0 0.00 0.00 1.00 0
0.00 0.0 0.00 0.00 1.00 0
0.00 0.0 0.00 0.00 1.00 0
0.00 0.0 0.00 0.00 1.00 0
0.00 10000.0 0.00 500.00 1.00 0
0.00 10000.0 0.00 500.00 1.00 0
0.00 10000.0 0.00 500.00 1.00 0
0.00 8200.0 10.00 10.00 1.00 0
0.00 4000.0 10.00 10.00 1.00 [}
15.20 9500.0 25.30 25.30 1.00 0
0.00 0.0 0.00 0.00 1.00 0
10.60 1400.0 20.60 20.80 1.00 [+)
20.42 13000 30.42 30.42 1.00 0
0.00 0.0 0.00 0.00 1.00 [}
0.00 0.0 0.00 0.00 1.00 [+}
0.00 0.0 0.00 0.00 1.00 0
0.00 0.0 0.00 0.00 1.00 0
0.00 0.0 0.00 0.00 1.00 o
0.00 0.0 0.00 0.00 1.00 [»}
0.00 0.0 0.00 0.00 1.00 Q
0.00 10000.0 0.00 500,00 1.00 0
0.00 10000.0 0.00 500.00 1.00 0
0.00 10000.0 0.00 500.00 1.00 0
0.00 1800.0 10.00 10.00 1.00 0
0.00 600.0 10.00 10.00 1.00 0
BEST AVAILABLFE COPY

DAY 3 Bid inputs, page 1 of 3




Somaesis: EV1008 MEPMOFF)
EN 0e [0 ) RUSSIAN ELECTRIC POWER MARKET PRRSE———
OPEPATIONAL & FINANCIAL FRAMEWORK DD 139
Y1 1 | (Nobe: Totd Days
In the Yeer
May not be 385 8
Plant Pt
Part Zore Ce. Pt Mant Varable Bidd Setfervent Dlapaich Awsiabilly  Fied Comn
o (Mw) (FYNWh) bew041) (FubleaDey)
] UPEnese 13.74 522000 2,74 .74 1.00 [
7 unLs UErene -8 0.00 0.0 0.00 0.00 1.00 0
o ums WErenp cHP-C 0.64 ©800.0 19.64 19.04 1.00 []
a0 URALS  UREnergo CPP-A 17.04 7500.0 7764 2704 1.00 [
7 unas UPErenpe crr-B 0.00 00 0.00 0.00 1.00 ]
7 uALsS UPEnenp ar 0.00 0.0 0.00 0.00 1.00 0
7”2 uALsS UnErenp coP-C 11.43 5200.0 2148 2143 1.00 0
] umLS UREnergo Ohe 0.00 0.0 0.00 0.00 1.00 ]
74 ums UPErenp Other 0.00 0.0 0.00 0.00 1.00 °
” unas UPfrene Other 0.00 00 0.00 0.00 1.00 o
» unLs UNErenp Other 0.0 00 0.00 0.00 1.00 ]
v UALS LM & Deloit V) Q.00 10000.0 0.00 500.00 1.00 [}
n UMl LN & Deflckt v ] 0.00 10000.0 Q.00 500.00 1.00 [}
™ URALS LM & Dedot ¥ ] 0.00 10000.0 0.00 200.00 1.00 0
] MWE e 000 200 10.00 10.00 1.00 [}
)] |WEN MINATOM N 0.00 00 0.00 0.00 1.00 [}
] MWE SEnevge CHP=A 0.00 0.0 Q.00 0.00 1.00 [}
[ ] SWEA Enee =D 0.00 00 0.00 0.00 1.00 [}
MBI Sfneme CHP=C 808 14300.0 18.09 15,08 1.00 0
s ABEM Sfnege CPP-A 0.00 00 0.00 10.00 1.00 0
[ 2 SMENA Sinergo cre-3 0.00 .0 0.00 10.00 1.00 [}
4 SB/EMA Sknerge qQr 0.00 0.0 0.00 10.00 1.00 [}
" BEWM  Nnee crr-Cc 6.00 4800.0 18.60 16.60 1.00 0
o MM Nfnene Other 0.00 00 0.00 0.00 1.00 °
90 SBERA  SiEnee Other 0.00 0o 0.00 0.00 1.00 °
o EMA  Sifneno Other 0.00 0.0 0.00 0.00 1.00 °
Q° SBEMA  SEnemo Other 0.00 0.0 0.00 0.00 1.00 0
S aMW|EN LM & Dedo (S ] .00 10000.0 0.00 500.00 1.00 [}
94 SBERA  LMADeloit M 0.00 10000.0 0.00 500,00 1.00 o
% EMA LM & Defok ] 0.00 10000.0 0.00 500,00 1.00 0
98 TWNEN TYErenp P 0.00 00 0.00 0.00 1.00 0
[ 4 TYUMEN MNATOM NPP 0.00 a0 0.00 0.00 .00 []
9% TWMEN TYBwep CHP~A 1200 1700.0 2% 2, 1.00 °
» TWMEN TYEnerge CHP-B 0.00 o0 0.00 0.00 1.00 []
100 TYWMEN TYiene CHP=C 208 8000.0 15.08 15.08 1.00 °
101  TWMEN  TYerens CPP=A 0.00 00 0.00 0.00 1.00 0
1R TWMEN TYEwep crr-8 000 09 0.00 0.00 1.00 0
108 TWMEN  TYEnergo ar 0.00 00 0.00 0.00 1.00 0
104 TWMEN TYErene crr-C 000 00 0.00 0.00 1.00 °
106 TWUMEN TYéwee Other 0.00 00 0.00 000 1.00 0
108 N TYerenm Other 0.00 0.0 000 0.00 1.00 o
o TWMIN TYEnergo Other .00 (.12 Q.00 0.00 1.00 ]
108 TWMEN TYEwnp Other 000 00 0.00 0.00 1.00 9|
108 TWMEN  MINATOMN LM 0.00 10000.0 0.00 200.00 1.00 °
110 TYUMEN  MINATOM LM 0.00 10000.0 0.00 200,00 1.00 [
11 TYUMEN  MINATOM LM 0.00 10000.0 0.00 200,00 1.00 0
112 FAMEABT F e 0.00 1300.0 0.00 10.00 1.00 0
13 FAREABT  MINAT NP 0.00 (1] 0.00 0.00 1.00 0
114 FAREAST F CHP=A 0.00 0o 0.00 0,00 1.00 [
18 FAREAST F -8 0.00 a0 ©.00 0,00 1.00 P
118 FARDAST  FEBEnemo CHP-C 1518 29000 5.1 219 1.00 [
17 FAREABY  FEEnewe CPP-A 0.00 00 0.00 0.00 1.00 0
118 FAPEAST  FEEneme cre-g 0.00 0.0 0.00 0.00 1.00 [}
119 FAREAST  Flneme Qr .00 1] .00 Q.00 1.00 ]
120  FAREAST cw-C .02 7000 ne n2 1.00 0
121 FARSAST  FEEnemge Ofver 0.00 (Y] 2,00 0.00 1.00 0
122 FANAST  FEEnems Other [ 0o 0.00 0.00 1.00 0
123 FAREAST  Fifrewms Other 0.00 00 0.00 Q.00 1.00 ]
124  FARSAST  FEEnego Oher 000 00 0.00 0.00 1.00 ]
128 FARGAST  FEEnene Othver 000 00 0.00 0.00 1.00 o
128 FAPEAST  FEEnempe Other 0.00 [ 2] 0.00 0.00 1.00 [}
127 FAMEABT  FCnemp Other 0.00 00 0.00 0.00 1.00 0
128 FAPEAST LM & Delok ] 0.00 10000.0 0.00 200.00 1.00 ]
120 FAREAST LM &Delek LM 000 10000.0 0.00 300.00 1.00 °
130 FAMEAST LM &Defick w 200 10000.0 0.00 500.00 1.00 0
TOTAL 422,400
BEST AVAILABLE COFY
OAY X 8id inputs. page 21 3
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RUBSIAN ELECTRIC POWER MARKET CAPORON# W
OPERATIONAL & ANANCIAL FRAMEWORK 21 Wit 1383
|nputs Documentation
_3 ) 3 3 3 — 0
——Peodd ~ Perog4 Lariod$ Peiogd Berod 7 Eecod e
14400 14400 14400 14400 14400 0
51200 §1200 51200 51200 51200 [}
9500 9800 9500 9600 9600 0
2400 22400 2400 240 22400 o
26800 26800 20800 20800 26800 . 0
41200 41200 41200 41200 41200 0
$700 $700 9700 9700 9700 0
4900 600 4000 2000 2900 0
182,100 182,100 182,100 182,100 182,100 4}
‘Reguistion’
Note: YEARLY INVESTMENT Valuss shouki be Fned / Over~  Fixed / Over— Zonal Zonal Zonal
divided by the SUM of Days In headCosm&  head Coss & Wholessle Retail Grid
DAYt DAY2, and DAY3 Invesiment Investment Price Price Tarit
NWEST B
CENTER 4,100,008 0 a.0o Q.00 0.00
NCALC 2404067 o] 000 Q.00 0.00
MVOLGA 1,205.042 [+] 0.00 Q.00 0.00
URALS 5,905,000 Q 0.00 Q.00 0.00
SIBERIA 4,024.702 0 Q.00 0.00 0.00
TYUMEN B0 0 Q.00 0.00 0.00
FAREAST 2314875 o 0,00 000 0,00
(UNE CAPACITIES W) |
NWEST A i E
[] 1800 [] ] ] ] [+] [«]
CENTER 1800 [} 1000 4000 [+] 0 0 ]
NCALC 0 1000 0 0 0 [+] 0 0
MVOLGA 0 4000 [} o 3000 1) 0 1] -
URALS 1] 0 0 1800 0 3000 1000 0
SIBERIA 0 0 Q [} 3000 L] [»] 0
TYUMEN 0 0 ] 0 1000 ] 0 Q
E 0 Q 1] 0 g 1] o) Q

. O I an on om

npu

1

- @

! DAY 3
2. Enler numdays, loss facior, stochastic variables, Other decision variables,
hen press "Enler® key when finished

Give mn integer value for seed; betwesn 1 and 1000

“*forType A. "2 for B; ¥ orC;
Give a value betwaen 0 and 1 for Aipha
Net ine capecity gats multipiiad by abha

Somado 1D |ERINGS Lsed in 7 lothers or rumbens, minimum 1,
Desc. | ERI 1906 Scenario, 07, Descrbes ccenario. Max 31 char.
Num One %0 DAY3
Loss Fector 0.05| Give avelue betwean 0 and 1 for the insar $ne loes factor
Schastic irputs
olanta pi 1.00 {Probability plent will produce sspected capacity
signa.p Q.50] Multipiier ¥ & dossnt
D lambde 1.00 |Probabilty ine wil be avaleble
fine.d 1.00{ Multiplier for iower ine capacy
sdemand delta.d 0.00 {Probability demand will be lower than projacied
signad 0971 Multiplier for iower demancicase (Mmustbe <= 1)
deltau 1.00 |1 — (Probabllily demand will be higher than projectacd)
signau 1.03] Weiiplier for higher demandcase (Mmustbe >= 1)
oad
Mariel Stacaun
Aghs

BEST AVAILABLE COPY

OAY 3: Demand& Parameter inputs, page 3 of 3
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APPENDIX E

Financial Outputs

The following are the financial outputs produced by the model for the data input sheets
presented earlier and for Type A market structure. Financial results for Types B and C market
structures can be easily produced by running the model under those scenarios.

68



Scenario: ERI908 RUSSWN ELECTRIC POWER MARKET Optimization Resul
AGGR FOR _TH OPERATIONAL & FINANCIAL FRAMEWORK CAREPO\REPOINP . WK3
ERI 1906 _Scenario, 07/1 Cash Fow Summary by Company 21 Juic4 1357

(0 Rubles)

{Rubles)
Company

Russian Grig 9o 0 ]

NWEnergo 749 068 BG4
CNEnergo 4,348, 162,088
NCEnergo 30,150.720
MVEnergo 1.805,320. 820
UREnergo 2,045,729,024
SEEnergo 2910810978
TYErergo Q07 810776
FEEnergo 821,110912
MINATOM 1,336,320,000
LM & Deticit
Company X
Company X
Company X
Company X
Company X
Company X
Compeny X
Compeny X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Compeny X
Company X
Company X
Company X
Company X

{320.138.018)
(2,451 849 024)
(515.070,720)
(917,135,424)
(1,504 222 348)
(568,751,104)
(352,150.776)
(532,830, 144)
*]

419030 848
1,094,513 920
424 080 000
978.104 400
1.351.508,176
2,342,150,872
5558060032
288200500
1,336,320,000

[-N-N-N-N-N-N-R-N--N-N-N-R-N-N-N-N-N-N-N-W-N-N- NN N-N-E-J-N-N-N-R NN - RN~ N- - RN -R- NN NN NN - NN NN RN W W]
[-X-¥-N-F-W-X-N-N-W-N-R-N-N-N-N-¥-¥-N-N-N-I-F-g=F-N-F-N-F-R-¥-N-F-N-N-F-H-F-R-F-N-F-F.-¥-F-F-N-F-W-N-N-F-N-H-R-EeN-N-NF- NN NN - -Wel- N - NNl - YN - NN W]
-¥-X-¥-N-¥.¥.N-N-W-N-N-N-N-E-N.X-N-N-N-N-N-N-N-N-N-N-N-X-N-N.-N-F-F-N-N-N-N-E-N-N-N-N-N-N.-N-N-N-N-F-N-N-H-N-N-F NN NNl e N NN e N - W N Yo NN Y- RN~ K")

b4
[-X-X-N-N-N-F-N-R-N-N-N-N-N-F-N-X-N-X-F-X-N-¥-N-N-N-Y-N-N-N-y-R-geR-N-R- RN N-N-N--gN - N-N-N-N-N-N-N-R-N-N- N NN -N-N-N-N-N-E-N-N--N- ]
0000000000000 00O0O00V0O0000O00C0O00O00O00000000OLO0OCOO0O00000DO0O0OCCUOOONODLOOODOO
- X-X-N-X-N-X-N-N-N-N-N-N-N-N-N-N-N-¥-N-y-N-N-N-Y- - N-N-N-N-N-N-B-N-N-N-N-N-N-E-N-N-N-NF-N-¥- N N -N-N-N-N-N-N-N-N-N-F-N-N- NN NN NN NN W= W]

AGGREGATE Cash Flow, page 10t3
BEST AVAILABLE COPY
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0000000000000 000O0OO0O0O0OO0CO0OO000000ODOO0O00O0DO0O0DOTCOOROODO

CO000000000C0O0OO0O0O0O00000O0000O0O00DDD0O0O0OO0OOCOO0OOODODO0OOD0DO0O0O00O0ODOO0O

CO0DO0O0CO0ODOUO0OO0OCO0O0OO0ODOOCO0O0O00O000O00O0O0OCO0O0O000DDOO0O0O0O0O0COO OO

0CD0DO0O0O0OCO0O0O0C0O0O000000000O00OCOO00OO00OCO0O0O0ONOOVDDOO0O0O0ODOO00 OO0

0000000000000V OOOOOOO000O0O0O00DOOOO00DO0O0DOO0OO0NOO0OCOO00OO0O0

000000000000 O0O0O0OCO0O0O0ODO0O000CO0O0O0O00QOO0ODO000O00O000ODONDO0O0O0O0O0O0O0CO0

0 9,500,040 144

00,967

16

Company X

Company X

Company X

Company X

Company X

Company X
Company X
Company X

Company X

Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Compeny X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X
Company X

BEST AVAILABLE COPY
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Scenario: ER1906

AGGREGA FOR TH

RUSSIAN ELECTRIC POWER MARKET
OPERATIONAL & FINANCIAL FRAMEWORK
Cash_Flow Summary by Company

Optimization Results

C\REPO\REPOINP WK3

1006 8 o7/t 21 Jui o4 13:57
(in Rubles)
1. Zonal Pool Yearly Income Siatements and Wholssale Prices.
{Rubles)
Zonal income Actusl Benchmark
Pool Wholssale Wholemie
Price Price
— (R/MWh)
NWEST 0 101736 000 {1.083,148,800) (26.805,420) (294,457 920) {1.,302,766.080 0.00 18.03
CENTER [} 4,380,264 (5.083.443.200) (92,627.728) (084 167,040)  (6.005.857.084 .00 23.00
NCAUC [+] o {839,150,720) (133 565.450) (S08.648,084)  (1.871,364.224 0.00 3491
MVOLGA Q 88,900,338 (2.125,729.920) (46,977 028) {303 .826,080) {2,987 .833,152 0.00 20.08
URALS 0 25,088,960 (2.980,269.024) (195.876,128)  (1,438,553,088) (4,586.829,312) 0.00 31.38
SIBERIA 0 155,423 508 {2.910,010,676) 0 (065,660,080) (3,721,437 440 0.00 10.85
TYUMEN "] 59,612,008 (907 .819.776) 0 (163.264,000)  {1,011,400,752 0.00 19.11
FAREAST Q 0 (821.110.912) 0 (705.560.084) (1.616,880.960 0.00 44.52
[ Yearly Average Benohmark System Wholesals Price  (R/MWhH) 222 |
2. Zonel Disribution Company Yserdy income Siatemenis.
(Rubles)
Zomal Grid Fixad & Over— Income Geid Actual B hmark  Benchmark
Distribufion Taritf hesd Coste & Tasitt Retall Retail Retall
Company Markat Wholesale Costs Investments Prics Price 1 Prios 2
| Market [RYMWh) {R/MWh) {FYMWh) (AMwWh)
NWEST [} Q 0 0 Qo 0.00 0.00 18.03 0.00
CENTER 0 0 0 0 0 0.00 0.00 23.00 0.00
NCAUC ] o [ 0 [} 0.00 0.00 34.91 0.00
MVOLGA [+] 1] [¢] 0 [} 0.00 0.00 20.08 0.00
URALS ] 0 [+ ] Q o} 0.00 0.00 31.08 0.00
SIBERIA 0 [+} [} 4] o} 0.00 0.00 16.58 0.00
TYUMEN 0 0 0 0 4} 0.00 0.00 1918 0.00
FAREAST 0 ] 0 0 0 0.00 0.00 44.52 0.00

Yearly Aver Benchmark tem_Retlll Price 1__ (I ) 2322
Yearty Aver Benchmark tsm Retil Price 2 'Wh) 0.00

AGGREGATE Cash Fiow,page 3 of3
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Scenaio: ERl 1006 (REPMOFF) Qpimization Resus
DAY 1 RUSSIAN ELECTRIC POWER MARKET CAREPOVREPG 1 WKS
ER 1906 Soanarin, 07/19/04 OPERATIONAL & FINANCIAL FRAMEWORK 200 M 146

Company “Tanifl Tine Fxed & Over—

_Egmings  MaintCosp _ head Coste
I ] 7] )
Energy Totad Upiiit Vasiable

Eamings
NWEnergo 3121120
CNEnergo’ 18,100,012
NCEnergo 3613128
MVEnergo 7.807 208
UREnergo 12,273,871
SIEnergo 12,120,708
TYEnergo 3,782.582

Russian Grid

1,749,712
7,803,808
1,767,000
4,075,810
5,831,276
9,750,000
2,315,250
1,201,170
5,568,000
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Enargy Towmi Upiit Varabie Flisd Owverhead income
Earnings Eamings Costs Costs Costs
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Company X
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Company X
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Company X
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Company X
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Company X
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Company X
Company X
Company X
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Scenerio: (REPMOFF) Cotmizaton Amuie
DAY 1 AUSBIAN BLECTAIC POWER MARKET CA\REPOVREPOT Wit
ER| 1998 Scenario, O7/W/94 OPERATIONAL & FNANCIAL FRAMEWORK DM 1449
Cash Flow Symmary by Zane (Rubige)
1. Zenal Pesl ) = and Wh le Prices.
AU
Zonel Sales Revenus Export Coste of Buying Impost Fixed and tncome | Actual Benchmark
Pesl Wom Wholseale Earnings Power fom Costs Overhead Wholesals Wholesals
Market Generstors Costs Price Price
— (Y MWh) R/ MWh)
NWEST [ 42,900 4.513. 1304 (112,084 (1,220,900 5,420,190 0.00 18.03
CENTER 9 2m.285 @21,181,014) (308,940 (4, 100,008) 25,900,408 0.00 23.00
NCAUC ] 14 0.013. 120 (586,529 (2,404,560 [ K X1 ] 0.00 3491
MVOLGA 9 w4 8,067 200 (196,740 (1,208,940) 9.940.470) 0.0 2008
URALS 1] 100,871 (12.417.001) 816,150 (5,008,859 (19,111,708 0.00 3136
SIBENA ] 047,508 (12,120.708 (4,024, 700) {(19.506,909) 0.00 1985
TYUMEN ] 20,507 O.702.56) ° 080,350 4,214 50) 0.00 0.1
FAREAST (] [} 421209 ° (3.314.075) 0,738,170 0.0 4452
Oaily avera mark systerm whoisssle price {R/MWH) n.22 ]
2 Zonai Diswribution C: L] Sta
(AUBLES
Zonal Sales Pevenus Costs of Buying Grid Taritt Fined and income Grid Acwal [}
Oletribution rem Retnll Power fom Coasn Overhand Tarilt Aot Retall Retall
Company Maskat Wholssale Coste Price Price 1 Price 2
Market (Y MWh) {FYMWh) {F{MWh) (A MWh)
NweaT [ Q [] [ [ 0.00 0.00 1809 0.00
CENTER [} Qo o [} 0 0.00 0.00 2300 0.00
NCAUC ] ] ] o [} 0.00 0.00 - 0.00
MYOLGA ] ° ] [} [} 0.00 9.00 2008 0.00
URALS [ ] ] ] -] 0 0.00 0.00 310 0.0
SHERA ] ] ° [} ] 0.00 0.0 1858 2.0
TYUMBEN ] [} [} [ ] [} 0. 0.00 19.11 0.00
FARBAST [ [ [ [ 9 0. 0.0 4423 0.00 |
average benchrark systers retall 1 (AW 2. -
. ok o m retal 3 (YN Wiy X
REST AVAILABLE COPY
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Cpimization Resuts

®

RUSSIAN ELECTRIC POWER MARKET

CAREPCAREPO2WK3

2144 04 15:08

OPERATIONAL & FINANCIAL FRAMEWORK

B8

DAY 2

ER 1966 Soenaria, 07/19/94
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Qwerhesd
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Sonarid: £RI 1908 (REPMOFF) OpamLalon A
DAY 2 RUSMIAN HELECTAIC POWER MARKET CAREPOVREPOZ w3
ERI 1088 Iﬂn'b, ol i OPERATIONAL & RANANCIAL FRAM EWORK A 04 1509
Cash Flow Summery by Zane (Rubise)
1. Zownai Peel = and Wh Prices.
{RUBLEY
Zoned Seles Rovenve Export Coste of Buying Import Fued and inceme | Aotual Senchmark
Pesl from Wholsesile Earnings Powe Fom Coute Overhesd Wholesals Wholesals
Market Gensrstars Coun Price Price
—_ _ - — __l{yuwm) (Y MWh)
NWEST 0 423,900 4513,/ (112,064 (1,226,908} 8.428, 100) 0.00 1003
CENTER ] 200251 21,181,014) 206,040 {4, 100,008} (29,300,408 0.00 2300
NCAUC ] [} 0,913,120 & 2,494,567 B840 0.00 491
MYOLGA 0 370418 9,887,200 (198,740 {1.208,042) 9.948.472) 0.00 2008
URALS ] 107,971 (1,417,801 18,150 5,005,509 (19,111,980 0.00 318
SIBERA 0 847,500 (12,120.700) Q 4,024, 702) (13,506,000 0.00 1838
TYUMEN ] 20,597 8.702.500 Q 980,380 4,214 549 LX: ] 011
FAREAST 9 ) £.421.208) (] 31407 £.73, 1709 0.00 452
Dally avera, hmark system wholssais price (R/M WY 22]
2 Zsesi I e
RUBLEY - e
Zonal Sales Revenus Costa of Buying Grid Tarit Fixed and income Grid Actual [} h
Ol ibution Wrom Retail Power ¥om Cosln Overhvead Tanlt Rotall Retail Retell
Cempany Market Whelssals Cose Mrios Prioe frive 2
Markst (YWY (/M) (RYMWR) (FYMWh)
NwET [} 1] [ ] 0 0.00 0.00 1803 0.00
CENTER ] ] ) [} ] 0.0 ¢.00 2300 0.00
NCAUC [} ] Q o ] 0.00 0.00 491 2.0
MYOLGA ] ¢ ] [ ] 0.0 o0 2008 0.00
URALS L] ] ] L] L] 0.0 0.00 3138 0.00
SIBENA L] L] [ 0 0 o.m 0.0 1658 0.q0
TYUMEN ] ] ] [} Q 0.0 0. 1911 0.
FAREAGT ) ) ) 2 o 2.0 o 52 0.0
3 - 1 (MW X -
D. & mask 8yetym t 4 (R W) [

Canh Mew, page 3 of 3
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Energy
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Towml Upkit
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Costs
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Company X
Company X
Company X
Company X
Company X
Company X
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Totwal

70,218 013

QOO0 O000U000000000000C0O000DOD0O0CO0O0O0OO0DO0OD0DOO0O0O00O0000O0OODOO0O0

{30,253,987)
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Scenario: ER| 1008

DAY 3

ERi 1998 Scenasio, 07/ 10/94

(REPMOFF)
RUSSIAM ELECTRIC POWER MARKET
OPERATIONAL & FNANCIAL FRAMEWORK
Cash _Flow Summary Yy Zens (Rublew)

Oosmizaen Amum
CAREPOVREPO2 WK2

2 Ju 4 15N

1. Zeeai Poal "t and Wh Jo Prices.
RUBLES
Zomal Sales Rovenue Export Coste of Buying lmport Fixed and Incoms | Actusi Senchmark
Peal wem Wholssale Earnings Power fom Costs Overhead Whelessls Wholesale
Masket Generstars Coss Price Price
L — — (AYMWH) (FYMWh)
NwEBT 0 42,900 “.518,1200 {112,004 (1,220,000 3.429. 1a) 0.0 1009
CENTER Q 200251 21,181,014) (306.949 {4,100,008) {29.300.408) 0.0 2900
NCAUC o @ 8.013.1299 858,529 @.494.360) 8o840m 0.00 91
MVOLGA 0 W48 8.057.200 (196,740 (1,208,940 0940470 0.0 2008
URALS 0 107871 (12.417,@1) 10,150 5,908,639 {19,111, 7989 0.0 318
SIBERA [} 647,500 (12,129,79) [} 4,024,798) {13,500, 908 0.0 16355
TYUMEN [ 28,587 Q702,50 [ 080,350 #.214,549 0.0 1941
FAREAST ) ) $.421.200) o 8.314.873) £.7%. 17 0. 4432
[Dally sverage benchmar system wholssale price (/M Wh) 3.2 |
2. Zoma} L e
{AUBLEY —
Zonat Sales Revenwe Coste of Buying Grid Tasil® Fixed and income Qrid Actusi Sench Benchmark
Dietribution om Remll Power ¥om Cosmn Owerhend Tort el Patail Retall
Conpany Maket Whelesals Cosls Arioe Prioe 1 Frive 2
Madet (A MWh) {AfMWh) (A MWh) (A Mwh)
NWIST Q [} [] [] [] 0.00 0.00 1803 0.0
CENTER L] [ 0 ¢ ¢ 0.0 0.0 23.00 0.0
NCAUC ] o o [ ] 0.00 0.0 k23 3] 0.00
MVOLGA -] ] ° [} [ 0.00 0.0 08 .00
URALS ] 0 [} ° [} 0.00 0.0 e 0.00
SIBEMA [ ] [ [} ] (] 0.00 0.0 1458 0.00
TYUMEN ] o ] 0 [} 0.00 2.00 911 0.0
FAREASY ] (] [} ] 0 0.00 0.00 4452 0.00 |
Dally average benchmark sysiem retall [] [CT LT . °
D. mark 8 m retal 0.00
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APPENDIX F

Physical Outputs

The following are the physical outputs produced by the model for the data input sheets
presented earlier and for Type A market structure. Physical results for Types B and C market
structures can be easily produced by running the model under those scenarios.

81



AGGREGATE OUTPUTS

Scenario: ERI1996
AGGREGATE

ERI 1995 Sce Q7 /18,

1. Aggregats Consumption, Generation, Shortage, Capacity,  Import and Export (By Zones)

(REPMOFF)

Aussien Electric Power Market

Operatonal & Ranandal Frameawork
Agqregas Physical Quinuts

CAREPO\REPOAGGR WK23
21 Juio4 14:19

Zone C pion G t Shortage Peak Shoriag {Available Adusiad Capacily (in MW)  Average | Tolal Total
(mill MWH)  (mill MWh)  (mill MWh) W) for st Day | Exports Imports
Day1 Dey2 Days Types | (mili MWh)(midl MWh)
NWEST 7227 7540 0.00 0.00 14500 14500 14500 14500 432 1.18
CENTER 266.08 263.18 0.00 0.00 §1300 51300 51300 51300 2.18 4.03
NCAUC 4788 4241 0.00 0.00 9.500 9,500 9.500 9.500 0.00 5.47
MVOLGA 119.03 120.88 0.00 0.00 22400 22400 22400 22400 .51 1.68
URALS 148.26 138.61 0.00 0.00 20900 26500 26900 26900 0.94 459
SIBERIA 224.85 234 22 0.00 0.00 41200 41200 41200 41200 2.36 0.00
TYUMEN 52584 5557 Q.00 0.00 0.700 9,700 9,700 9.700 263 0.00
FAREAST 3832 3832 0.00 0.00 8.000 6,000 6.900 6,900 0.00 0.00
Total 964.50 966.55 0.00 0.00 | 18240000 18240000 182400.00 18240000 22.92 20.06
2. Aggregate Line Aclivily (in Hours)
FAREAST
NWEST NA 1.440 NA NA NA NA NA NA
CENTER 0 57680 Q NA NA NA NA
NCAUC NA [+] NA NA NA NA NA NA
MVOLGA NA 0 NA NA 720 NA NA NA
URALS NA NA NA 2,880 NA [*] 0 NA
SIBERIA NA NA NA NA 1.440 NA NA NA
TYUMEN NA NA NA NA 1,440 NA NA NA
FAREAST NA NA NA NA NA NA NA NA
3. Una Utitzation (in Percaniage)
Total Number of Hours In an Aggregaie REPMOF Run
FA ST
NWEST NA 250% NA NA NA NA NA NA
CENTER 0.0% NA 100.0% 0.0% NA NA NA NA
NCAUC NA 0.0% NA NA NA NA NA NA
MVOLGA NA 0.0% NA NA 125% NA NA NA
URALS NA NA NA 500% NA 0.0% 0.0% NA
SIBERIA NA NA NA NA 28[50% NA NA NA
TYUMEN NA NA NA NA 25D0% NA NA NA
FAREAST NA NA NA NA NA NA NA NA
4. Uns Shadow Prios (in Rubise)
FA| ST
NWEST NA 136,088,352 NA NA NA NA NA NA
CENTER NA NA 199,600,080 NA NA NA NA NA
NCAUC NA NA NA NA NA NA NA NA
MVOLGA NA NA NA NA {41,180) NA NA NA
URALS NA NA NA 863,120 NA NA NA NA
SIBERIA NA NA NA NA (169,428 ,720) NA NA NA
TYUMEN NA NA NA NA (370,262 .688) NA NA NA
FAREAST NA NA NA NA NA NA NA NA
REZTT ANl ABLE COPY

Physical Quipuss, page 10f3



AGGREGATE OUT
Scenario: ERI1908

{REPMOFF)

Russisn Elcwic Power Market

AGQREGATE Operationsl & Fiananciai Framework C:\REPOR EPOAGGR WKS
{ERI 1998 Bcanaric, 07/0me | Adcraca Physical Qutoua 21084 1419
5. Plant Usage (Im Hre) and Usiization (in Percenmge)

Pmnt C-OnPlant | Total Plant | Tatai Plant Shadow

Ne. 2one Company Pam Usage Usage Usiization Prce

— (in Hours} {in Hours) In Percent (Rubles)
@ NWEST NWEnetga  HPP ° 5760 _L""ETEL 102,960
1 NWEST MINATOM NPP 0 3780 100.0% 110,040
2 NWEST NWEnergo CHP-A 0 5,780 100.0% {84,800
3 NWEST NWEnerge CHP-8 [ 0 0.0% [NA
4 NWEST NWeEnergo CHP-C 0 4969 86.3% (109,200)
3 NWEST NWeEnerge CPP-A o 2@ 43% (6.273,240)
8 NWEST NWEnergo cPP-8 [] [} 00% (NA
7 NWEST NWEnergo QT 0 ] 0.0% [NA
§ NWEST NWEnergo cpp-C ) $760 100.0% (az,uump
9 NWEST NwiEnergo Other 0 0 00% [NA
10 NWEST NWEnergo Other [} ] 00% [NA
11 NWEST NWEnergo Other ] ] 00% [NA
12 NWEST NWEnergo Ctiver o o 00% |NA
13 NWEST LM& Defick LM 0 [} 00% {NA
14 NWEST LMA Deflck LM [} [] CO% {NA
15 NWEST LM& Defick LM o [} 00% |NA
16 CENTER CNEnergo HPP o 5780 100.0% {3.731,040)
17 CENTER MINATOM NP 0 5780 100.0% (8,744,120
18 CENTER CNEnergo CHP-A [ 5812 900.0% |  (12,360,000)
19 CENTER CNEnergo CHP-B [} [} 00% |NA
20 CENTER CNEnerge CHP~-C 0 8760 100.0% (8748,
21 CENTER CNEnergo CPP-A ] 298 41.4% | (197.768,15;
22 CENTER CNEnergo crPP-8 4 0 00% |NA
23 CENTER CNEnergo ar o 57399 100.0% (49.908,240)
24 CENTER CNEnergo cPP-C 0 4141 71.9% | (108,030840
28 CENTER CNEnergo Other [ ¢ a0% [N&
26 CENTER CNEnergo Other L] [ 00% |NA
27 CENTER CNEnargo Other [ ° 00% |NA
28 CENTER CNEnergo Qther ¢ 0 00% |NA
28 CENTER LM4& Detiok LM [ ° 00% {NA
30 CENTER LM& Oefick LM o ] 0% |NA
31 CENTER LM& Defick LM 0 [ 00% |NA
32 NCAUC NCEnergo HPP [ 5700 100.0% 128,720
33 NCAUC MINATOM L ] [ 00% |NA
34 NCAUC NCEnergo CHP-A 0 5790 100.0% 17,200
38 NCAUC NGCEnergo CHP-8 0 [} 00% |NA
38 NCAUC NCEnerge CHP-C o 0 00% INA
37 NCAUC NCEnerge CPP-A 4 27508 47.0% | (180,352.000)
38 NCAUC NCEnerge cpep-B o 0 00% |NA
39 NCAUC NCEnergo Qr [} ] 00% |NA
40 NCAUGC NCEnergo CPP-C [} 570 100.0% 8840
41 NCAUC NCEnergo Qther o [} 00% {NA
42 NCAUC NCEnerge Other [ ] 00% {NA
43 NCAUC NCEnergo Other 9 0 o00% |NA
44 NCAUC NCEnerge Other o Q9 00% |NA
45 NCAUC LM& Defick 1M ] [} 00% [NA
48 NCAUC LMA Defich (&) [} e 00% |NA
47 NCAUC LMAa Defick LM o 0 00% [NA
48 WOLGA MWVEnerge Hep ] £7, ) 100.0% 76,987,040
49 MYOLGA MINATOM NPP ] 5780 100.0% {40,380,
30 MVOLGA MYEnergoe CHP-A ° 33005 97.4% | (198,301
3% MVOLGA WMWVEnergo CHP-8 [ [} 00% [NA
32 MVOLGA MVEnrgo CHP-C [ %0 100.0% 33,900,840
33 MVOLGA MVEnergo CPP-A o 7% 12.5% ( (484.8103
54 WWOLGA WMVEnerge crr-8 [ 0 00% [NA
$4 MVOLGA MVEnergo ot 0 [} 00% [NA
5 MVOLGA MVEnergo crP-C [ [ 00% |NA
37 MVOLGA MVEnerge Owrer 0 ° 00% |NA
38 MVOLGA WEnerge Other ] o 00% [NA
38 MVOLGA WEnergo Other o o 0O% [NA
850 MYOLAA WWEnerge Other Qo 0 00% |NA
61 MVOLGA LMA& Defict LM ] 0 00% {NA
62 WOLGA LMA Delick LM [ ° 00% [NA
43 MWVOLGA LMA& Delick LM (] ] 00% {NA
84 URALS URBwye HpPe 0 3780 100.0% 144,520 560
48 URAMS MINATOM NPP 0 5760 100.0% | 131912400
4 URAS USREnerge CHP-A ° 5760 100.0% 131,932900
7 URALS URTherge CHP-8 9 ] 00% [NA
o8 URAS UNliaenge CHP-C [} 5780 100.0% | 132,001900
o0 URMS URhege CPP-A 0 EL Th 82.2% | (20,07,
70 URALS URShene crP-8 ¢ o 00% {NA
71 URALS URlinenge aT Q [} 00% [NA
73 URALS UABwege cPP-C ° 3790 100.0% 148, 198432
73 URALS UNEnerge Other [ [} 00% {NA
T4 URALS UABwrge Othar ) [} 00% {NA
7S URALS  UABhergo Other [} ° 00% [NA
76 URALS UREnerge Other ] 0 00% [NA
77 URAALS  LMA Deflck LM 0 ° 00% |NA
78 UAALS LMA Deflck M 0 o’ 00% |NA
76 URALS  LMA Defick LM [} ¢ 00% [NA
00 SISERIA  SiEnergo HPP L] 3700 100.0% | 157,116,192
81 SIBERIA MINATOM NPp o 0 00% |NA
82 SERA  SiEnergo CHP-A [ 0 00% |NA
83 SIBERIA SiEnergo CHP-B [} ] CO0% (NA
4 UBENA  SiEnergo CHP-C [} 780 100.0% 137,1323812
88 SIBEMA  SIEnergo CPP-A 0 o 00% |NA
08 SIBEMA 3SiEnergo crPP-8 [} -] Q0% |NA
87 SBENA  Si€nergo ar ] o 00% [NA
® SIBENA  SiEnergo cPP-C o 2087 %.3% 197,183,520
0 SIBEMA SiEnergo Other o ° 00% [NA
90 SIBENA SiEnwrgo Qnhee ] 0 G0% {NA

Physical Qutpute, page 2 of 3
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91 SBERIA SiEnergo Other 0 0 0.0% [ NA
92 SBERIA SiEnergo Other 0 0 0.0% [ NA
83 SBERIA LMAaDelck LM 0 0 0.0% | NA
94 SIBERIA LM AaDefick LM 0 '] 0.056 | NA
95 SBERIA (M &Delct M 0 0 0.0% | NA
86 TYUMEN HPP 0 0 0.0% | NA
97 TYUMEN MINATOM NPP 0 o 0.0 | NA
98 TYUMEN TYEnergo CHP-A 0 5580 8.9 137,153,%0
0 TYUMEN TYEnergo CHP-B 0 0 0.0% | NA
100 TYUMEN TYEnergo CHP~-C 0 5780 100.0% | 137,211,840
101 TYUMEN TYEnergo CPP-A 0 0 0.0% | NA
102 TYUMEN TYEnergo CPP-B 0 0 0.0% |NA
103 TYUMEN TYEnergo GT 0 0 0.00 | NA
104 TYUMEN TYEnergo cPP-C 0 0 0.0% | NA
108 TYUMEN TYEnergo Cther 0 0 0.0% | NA
106 TYUMEN TYEnergo Other 0 0 0.0% | NA
107 TYUMEN TYEnerge Other 0 0 0.00 | NA
108 TYUMEN TYEnergo Other 0 0 0.0% |NA
100 TYUMEN MINATOM LM 0 "] 0.0% | NA
110 TYUMEN MINATOM LM 0 0 0.0% | NA
111 TYUMEN MINATOM LM 0 (1] 0.0% | NA
112 FAREAST FEEnergo HPP 0 5760 100.0% | 137,268,800
113 FAREAST MINATOM NPP 0 0 0.0% | NA
114 FAREAST FEEnergo CHP-A 0 (4] 0.0% | NA
115 FAREAST FEEnergo CHP-B 0 ] 0.0% | NA
116 FAREAST FEEnergo CHP-C 0 5780 100.0% | 137,268,800
117 FAREAST FEEnergo CPP~A 0 "] 0.0% | NA
118 FAREAST FEEnergo cPP-B 0 0 0.0% | NA
1190 FAREAST FEEnergo ar 0 0 0.0% { NA
120 FAREAST FEEnergo cPP-C 0 4490.4 78.0%| 137,266,800
121 FAREAST FEEnergo Cther 0 ] 0.0% |NA
122 FAREAST FEEnergo Other 0 0 0.0% [ NA
123 FAREAST FEEnergo Other 0 0 0.0% [ NA
124 FAREAST FEEnergo Other 0 0 0.0% | NA
128 FAREAST FEEnergo Other 0 0 0.0 | NA
126 FAREAST FEEnergo Other 0 (] 0.0% [NA
127 FAREAST FEEnwrgo Other 0 ] 0.0% | NA
128 FAREAST LM &Defckt LM 0 0 0.0% | NA
120 FAREAST LM &Delckt LM 0 /] 0.0% | NA
130 FAREAST LM &Defick LM 0 0 _0.0% [ NA

CREPO\REPOAGGR.WK3
21 Julos 1419
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AGGREGATE REBULTS (REPMOFF) Russian Eleciic Power Market

DETARED OUTPUT AREA Opesational & Flanancial Fmmework

Scenario: ERI1906 J l ER11996

ERt 1098 7] 4 AGGREGATE DETAILED OUTPUT

)
Energy Uphift Aggregats
Plant Towl MWh Eamings Eamings Fixad Costs Income

0 NWEST NWEnemo HPP 0 16,704,000 187 040,000 ¢} 0 147 040.000
1 NWEST MINATOM NPP 0 33,408,000 334 080,000 0 0 334 080,000
2 NWEST NWEnergo CHP ~-A (194 832,000) 14,400,000 338 332,004 0 ¢ 144 000,004
3 NWEST NWEnergo CHP-B 0 0 0 0 0 0
4 NWEST NWEnergo CHP-C (127 920,872) 9,440 840 222 327,072 0 Q 94,400,400
5 NWEST NWEnergo CPP-A (6.385,381) 208 442 9.349.781 [ Q 2,964 420
6 NWEST NWEnergo CPP-8 0 0 0 o 0 0
7 NWEST NWEnergo GT 0 0 0 [4] 0
8 NWEST NWEnergo CPP-C 0 1,152 000 11,520,000 [} [¢] 11,520.000
® NWEST NWEnerge Other 0 0 [»] 0 [¢] 0
10 NWEST NWEnergo Qther 0 0 [+ Q 0 0
11 NWEST NWEnerge Other ) 0 0 1] 0 [}
12 NWEST NWEnergo Qther 0 0 [+] [} [¢) [+]
13 NWEST LM & Deficit (K] 0 0 [} [} [+} o
14 NWEST LM & Deficit LM 0 0 0 L] [} 0
15 NWEST LM & Defleit LM 0 [} ] 0 0 0
18 CENTER CNErergo HPP [»] 28224.000 282 240,000 0 0 282 240,000
17 CENTER MINATOM NPP [} 73,728,000 737 280,000 0 0 737 280,000
18 CENTER CNEnergo CHP-A (1.252,512.806) 80,755,200 2,080,064 550 1] 1] 807 552,000
19 CENTER CNEnergo CHP-8 o 0 0 ] ] [}
20 CENTER CNEnerge CHP~-C (597 .484,800) 47 232,000 1,080,805 184 [+] ] 472 320,384
21 CENTER CNEnergo CPP-A {337.739.104) 18,804,005 504 888,768 [} ] 108 940,684
22 CENTER CNEnerge crPP-8 [+] [} ] [+} 0 [«
23 CENTER CNEnergo GT (33,925 920) 2,879 900 62725518 Q0 [} 28,700,506
24 CENTER CNEnerge CcPP-C {229.588.000) 13,665,240 308 838,400 Q 0 138 852,400
25 CENTER CNEnergo Other [+) [} [} [} 0 0
26 CENTER CNEnergo Other [+] [} 0 [*] 0
27 CENTER CNEnergo Othar [+] ] 0 [+] 0 0
20 CENTER CNEnergo Other o 0 0 [} [+) 0
290 CENTER LM & Deficit (R ] 0 0 [} 0 0 0
30 CENTER LM & Deficit [ 0 0 0 0 ] Q
31 CENTER LM & Deficit M 0 0 [+] 0 0 -0
32 NCAUC NCEnergo HPP 0 17,280,000 172 800,000 0 0 172 500,000
33 NCAUC MINATOM NPP ] [+] [} [} [} 0
34 NCAUC NCEnergo CHP=A (207 526,560) 10,644,000 317 208,024 (] 0 100 440,084
35 NCAUC NCEnergo CHP-B ] 0 [+} 0 0 0
38 NCAUC NCEnerge CHP-C [} [} [«] [} [} [+]
37 NCAUC NCEnergo CPP-A (236,018,000) 10,728,000 343 208,000 Q 4] 107 280,000
38 NCAUC NCEnergo cPP-8 Q ) [¢] (/] [] 0
39 NCAUC NCEnergo GT 0 [+] 0 [} 0 0
40 NCAUC NCEnergo CPP~-C (71.228.180) 3,458 000 106,788,180 [+ ] ] 34,580,000
41 NCAUC NCEnergo Other 0 0 [} 0 [+] 0
42 NCAUC NCEnergo Other 0 [} o [*) 0 0
43 NCAUC NCEnmerge Other 0 0o ] ] 0 [}
44 NCAUC NCEnergo Other 0 [+] ] ] [} 0
45 NCAUC LM & Defiit LM [ 0 /] ] "] 0
48 NCAUC LM & Deficit LM 0 [ (/] 0 ] '}
47 NCAUC LM & Delicit w ] [+] 0 [¢) [} 0
48 MVOLGA MVEnergo HPP L] 35,712,000 357,120,000 0 0 357,120,000
49 MVOLGA MINATOM NPP ] 23,040,000 230 400,000 [} 0 230 400,000
50 MVOLGA MVEnergo CHP=-A (612,543,672 53,107 448 1,343 518 D48 ] 0 £31,074,178
51 MVOLGA MVEnergo CHP-B [} ] 0 (] 0 0
$2 MVOLGA MVEnergo CHP-C (85.478 400) 8,084 000 108,118,400 0 0 80.640,000
$3 MVOLGA MVEnergo CPP-A (19,113.120) 938 000 28,473,120 0 0 9,360,000
54 MVOLGA MVEnergo cPP-B [} [+] 0 -] [+] [}
§5 MVOLGA MVEnemo QT 0 0 0 0 ) o
56 MVOLGA MVEnergo CcPP-C [ 0 [+] ] ) 4]
57 MVOLGA MVEnsege Other 0 1) 0 ] 0 0
58 MVOLGA MVEnernge Other 0 [+] [] L] 0 0
59 MVOLGA MVEnargn Other 4] [s] 0 [+} 0 Q
80 MVOLGA MVEnewge Other ] [+] ] o] o] 0
61 MVOLAA LM A Daticht L 4] 0 ] ] ] 0"
62 MVOLGA LM A Dafick [N} L] [+ ] o ] 4 [}
43 MVOLGA LM & Defloit (K] 0 ] ] ] [+} o
84 URALS UREnergo HPP 0 10,368,000 103 680,000 <] ] 103 ,680.000
685 URALS MINATOM NPP 0 3,456 .000 34 .560.000 [+] ] 34,560,000
88 URALS UREnergo CHP ~A (411,540,480) 29,952,000 711,080,480 -] -] 200 520,000
87 URALS UREnergo CHP-B ] 0 4] 0 ] 0
88 URALS UREmergo CHP-~-C (368.474,240) 38,016,000 748 834,240 ] 0 380,180,000
80 URALS UREnergo CPP-A (473,856.008) 26,862,024 742 482 044 [} [} 260 626,230
70 URALS UREnergo cPP-8 [+] 1) 0 [*] 0 1}
71 URALS UREnergo <14 4] ] 0 o] o o
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Scenario: ERI1908 J ( ERI906
AGGREGATE DETAILED OUuTPUT

PRESS ‘AltM® _FOR MENU

Variable Energy Upiift Aggregaw
Plant Costs Towl MWh Eamings Eamings Fixed Costs
Compan Plant
S AR L TR R % R SR O SRR
72 URALS UREnergo cPP-C (342,351,300) 20,952,000 841,871 380 ] 0
73 URALS UREnergo Other 0 0 0 0 [+]
74 URALS UREnergo Other ] 0 0 0 [s]
75 URALS UREnergo Other 0 0 0 0 0
76 URALS UREnergo Other 0 [+] [} ] 0
77 URALS LM & Deflcit M [+] 0 0 (] [+]
78 URALS LM A& Defleit (K] 0 0 0 ] (]
79 URALS LM & Detkit LM 4] 0 Q ] 0
80 SIBERIA SiEnergo HPP 0 128 448,000 1.284 4380 .000 0 0
81 SIBERIA MINATOM NPP 0 0 o} [} [}
82 SIBERIA SiEnergo CHP-A 0 0 0 0 0
83 SIBERIA SIEnergo CHP-B 0 0 0 0 0
84 SIBERIA SIEnergo CHP=C (414,311,200) 62,208,000 1,237 901,208 0 0
85 SIBERIA SiEnergo CPP-A Q o [+] Q 0
86 SIBERIA SiEnergo CcPP-B 0 Q [«] 0 0
87 SIBERIA SiEnerge GT s} 0 Q 0 0
83 SIBERIA SiEnergo CPP-C (154.,440,000) 23,400,000 388,440,000 0 s}
89 SIBERIA SiEnergo Other 0 0 Q 0 0 [+]
90 SIBERIA SiEnergo Other 0 0 0 [¢] 0 0
91 SIBERIA SiEnergo Other 0 4] 0 0 0 0
92 SIBERIA SiEnergo Other [+] 0 [} 0 0 0
03 SIBERIA LM & Deflcit LM 0 Q [ 0 0 (s
94 SIBERIA LM & Deficit LM [+ 0 (] [} o} 1]
95 SIBERIA LM & Defkit LM o] ] 0 0 0 0
98 TYUMEN TYEnergo HPP 0 [« 0 0 [¢] [+]
97 TYUMEN MINATOM NPP 0 0 0 Q 0 0
98 TYUMEN TYEnergo CHP-A (120,377.328) 9,488,000 215 237 344 0 ] 94,580,018
99 TYUMEN TYEnergo CHP-8 0 [+] 0 (<] 0
100 TYUMEN TYEnergo CHP~C {231,782.418) 46,080,000 052 582,400 0 0 480,700,984
101 TYUMEN TYEnergo CPP-A 0 0 0 0 ] [+}
102 TYUMEN TYEnergo CPP-B 0 *] o} 0 [} [}
103 TYUMEN TYEnwrgo GT 0 0 0 0 1] 0
104 TYUMEN TYEnergo CPP~C [} 0 [ 0 [+] [}
106 TYUMEN TYEnergo QOther [} [} ] ] ] .o
108 TYUMEN TYEnergo Other 0 [} 0 [} [} ]
107 TYUMEN TYEnergo Other 0 0 0 ] ] ]
108 TYUMEN TYEnergo Other [} ] 0 ] 0 0
100 TYUMEN MINATOM M 0 [+] 0 0 [+] [+]
110 TYUMEN MINATOM LM [+] 0 0 0 [¢] )
111 TYUMEN MINATOM LM 0 (4] 0 0 [*] 0
112 FAREAST FEEnergo HPP ) 7,488 000 0 -} [+] [+]
113 FAREAST MINATOM NPP [+] 0 0 0 0 [+]
114 FAREAST FEEnergo CHP-A 4] 0 0 [+] 0 0
115 FAREAST FEEnergo CHP-8 (] ] 0 0 [ 0
118 FAREAST FEEnergo CHP-C (253.733,760) 16,704,000 420,773,832 0 [ 167 020,872
117 FAREAST FEEnergo CPP-A 0 0 [+} 0 [+) 0
118 FAREAST FEEnergo CcPP-8 (/] 0 Q [+] [] [+]
119 FAREAST FEEnergo GT 0 ] 0 [} 0 0
120 FAREAST FEEnergo CPP-C (279.096,320) 12,124,080 400 337.088 0 0 121,240,768
121 FAREAST FEEnergo Other '] 0 [+] Q 0 o
122 FAREAST FEEnergo Other 0 4] 0 0 0 0
123 FAREAST FEEnergo Qther 0 "] -} (] 0 0
124 FAREAST FEEnergo Other Q [} ] ] 0 0
125 FAREAST FEEnergo Other [ [ 0 0 [+] 4]
128 FAREAST FEEnergo Other 0 o ) /] ] [+]
127 FAREAST FEEnergo Other [} 0 0 [} [} ]
128 FAREAST LM & Defloit LM [} [} ] ] [} [}
128 FAREAST LM & Dafiokt LM 0 [\] Q 0 [:] 0
130 FAREAST LM & Deficit LM 0 1] 0 [+] 0 [}
TOTAL {7 200,950,577} 008 552,500 18,851,802 017 [} o 9,500 848 240
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PHYSICAL OUTPUTS

REPMOFF)

Scenario: ER 1966

RAUSSIAN ELECTRIC POWER MARKET

DAY 1 OPERATIONAL & FINANCIAL FRAMEWORK CAREPO\REPQ1 W3
Rl 199 7/19, Ehysical Quipute & SMP 21 Julo4 1444
Pericd 1 Period 2 Period 3 Period 4 Period § Petiod 6 Period 7 Period 8 Period 9
Scenaric 1D ERI1995 ERI199S ERI1995 ERI199S ERI199S ERI199S ERI199S ERL199S ERi1995
Hours/Period 3 3 3 3 3 3 3 3 [}
1. Reaslized Plant Capacities in MW
NWEST NWEnergo HPP 2000 2900 2000 2000 2000 2000 2800 2.900 2,900
NWEST MINATOM NPP 5800 5800 5800 5800 5800 5800 5800 5,800 5.800
NWEST NWEnergo CHP-A 2500 2500 2500 2500 2500 2500 2500 2.500 2.500
NWEST NWEnetgo CHP-B 0 [ 0 0 0 0 0 0 0
NWEST NWEnergo CHP-C 1900 1900 1900 1900 1000 1900 1900 1,900 1,900
NWEST NWEnergo CPP-A 1200 1200 1200 1200 1200 1200 1200 1.200 1.200
NWEST NWEnergo cpPP-8 o 0 0 0 [+] [} Q 0 0
NWEST NwEnargo GT [+] 0 0 0 [} [} [¢] 0 0
NWEST NWEnergo CPP-C 200 200 200 200 200 200 200 200 200
NWEST NWEnergo Other 0 0 0 0 [} 0 [} [\] 1]
NWEST NWEnergo Othat Q Q o [+] [+] 1] 0 0 0
NWEST NWEnergo Qther [s] 0 [} o Q Q 0 [} 0
NWEST NWEnergo Cther /] 0 0 0 0 1] 0 1} ’]
NWEST LM&Deflcit M 10000 10000 10000 10000 10000 10000 10000 10000 10000
NWEST M&Deficit M 10000 10000 10000 10000 10000 10000 10000 10000 10000
NWEST (M & Deficit LM 10000 10000 10000 10000 10000 10000 10000 10000 10000
CENTER CNEmergo HPP 4900 4900 4000 4900 4900 4900 4900 4,900 4.900
CENTER MINATOM NPP 12800 12800 12800 12600 12800 12800 12600 12800 122800
CENTER CNEnergo CHP =A 14600 14600 146800 14800 14800 14800 14600 14 800 14 500
CENTER CNMEreigo CHP -8 o 0 0 0 0 [ [} 0 0
CENTER CNEnergo CHP-C 8200 8200 8200 8200 8200 4200 8200 8,200 8,200
CENTER CNEmrgo CPP-A 7000 7000 7000 7000 7000 7000 7000 7.000 7.000
CENTER CNEmtgo cPP-B ] 0 4] ] 0 Q ] 0 [*]
CENTER CNEmetgo GT 500 S00 500 500 500 300 S00 500 S00
CENTER CNEnergo CPP-C 3300 3300 3300 3300 3300 3300 3300 3.300 3,300
CENTER CNEnsrgo Cther 0 [} o o [¢] [} [*] [} 2 [¢]
CENTER CNEnergo Other 0 0 0 ] ] 1] [} ] ]
CENTER CNEmergo Other 0 0 o] 0 0 0 0 0 0
CENTER CNEnergo Other [+] o 0 [+] [} 0 0 0 0
CENTER LM & Deficit Lm 10000 10000 10000 10000 10000 10000 10000 10000 10000
CENTER WM& Deficit M 10000 10000 10000 10000 10000 10000 10000 10000 10000
CENTER (M & Defict M 10000 10000 10000 10000 10000 10000 10000 10000 10000
NCAUC NCEnergo HPP 000 3000 3000 3000 3000 3000 3000 3,000 3,000
NCAUC MINATOM NPP s ] Q ] o 0 9 4] o] 0
NCAUC NCEnergo CHP -A 1000 1900 1900 1900 1900 1900 1800 1,000 1,900
NCAUC NCEnergo CHP-B [} [} [} [} [} [} 0 [¢] [¢]
NCAUC NCEnergo CHP-C 100 100 100 100 100 100 100 100 100
NCAUC NCEnerge CPP-A 3900 3900 3900 3900 3,900 3900 3900 3,900 3.900
NCAUC NCEnergoe CPP-B 0 ] 0 Q 1] ] 0 L] [}
NCAUC NCEmergo GT [} 0 [} [} [} 0 4] 0 0
NCAUC NCEnergo CPP-C 800 800 600 600 800 600 800 600 600
NCAUC NCEmsrgo Other [} [} 1] 0 0 [} [} ] o]
NCAUC NCEmsrgo Cther 0 0 ] ] [} ] ] [} Q
NCAUC NCEmergo Other 0 [} 0 0 0 ] 0 ¢} [+)
NCAUC NCErergo Other [} 0 0 0 0 0 0 0 0
NCAUC LM&Dafich W 10000 10000 10000 10000 10000 10000 10000 10000 10000
NCAUC LM & Deficit LM 10000 10000 10000 10000 10000 10000 10000 10000 10000
NCAUC tM&Defcit (M 10000 10000 10000 10000 10000 10000 10000 10000 10000
MVOLGA MVEnergo HPP 8200 6200 6200 6200 6200 6200 6200 6,200 6.200
MVOLGA MINATOM NPP 4000 4000 4000 4000 4000 4000 4000 4,000 4,000
MVOLGA MVEmrgo CHP-A 9500 9500 9500 9500 9500 9500 9500 9,500 9.500
MVOLGA MVEmsrge CHP~B 0 [ 0 0 4] [} 0 0 0
MVOLGA MVEnergo CHP-C 1400 1400 1400 1400 1400 1400 1400 1,400 1,400
MVOLGA MVEmrgo CPP-A 1300 1300 1300 1300 1300 1300 1300 1,300 1,300
MVOLGA WvEmrgo cre-g o M) ] o ] o ] [ [+]
MVOLGA MVEMrgo <13 ] 0 0 0 [} 0 1] 0 0
MVOLGA MVEmrgo crP-C -] ] o ] [-] /] ] [ [+]
MVOLGA MVEmmo Other (] ] [} [} 0 (] [(] [} [*}
MVOLGA MVEmrgo Other ] [} 1] ] Q o ] [+] Q
MVOLGA MVEmergo Other [:] 4] ) [¢) (] [+] ] [*] [
MVOLGA MVEmwrgo Other [} ] L] ] ] [ 0 o] 0
MVOLGA (M&Deficit M 10000 10000 10000 10000 10000 10000 10000 10000 10000
MVOLGA LMA& Defick M 10000 10000 10000 10000 10000 10000 10000 10000 10000
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128
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PHYSICAL OUTPUTS
Scenario: ERI1906
DAY 1
ERI 1 7/19
MVOLGA M & Defict M
URALS UREnergo HPP
URALS MINATOM NPP
URALS UREnergo CHP <A
URALS UREnergo CHP-B
URALS UREnergo CHP-C
URALS URErergo CPP-A
URALS UREnrerge cPP-8
URALS URErmsrge GT
URALS URErmergo CPP-C
URALS UREnergo QOther
URALS UREmergo Other
URALS UREnergo Other
URALS URErergo Other
URALS LM& Deficit LM
URALS LM &Deficit M
URALS LM&Defict M
SIBERIA SiEnergo HPP
SIBERIA MINATOM NPP
SIBERIA SiEnergo CHP-A
SIBERIA SIEnergo CHP -8
SIBERIA SIEnergo CHRP-C
SIBERIA SIEnergo CPP-A
SIBERIA SIEnargo CPP-B
SIBERIA SIEnergo aT
SIBERIA SIEnsrgo CPP-C
SIBERIA SIEnergo Other
SIBERIA SIEnergo Other
SIBERIA SiEnergo Cther
SIBERIA SiEnergo Ciher
SIBERIA LM & Deficit M
SIBERIA LM & Deflcit LM
SIBERIA LM & Defioit M
TYUMEN TYEnergo HPP
TYUMEN MINATOM NPP
TYUMEN TYEnergo CHP ~A
TYUMEN TYEnergo CHP-B
TYUMEN TYEnergo CHP-C
TYUMEN TYEnergo CPP-A
TYUMEN TYEnergo CPP-8
TYUMEN TYEnergo aT
TYUMEN TYEnergo CPP-C
TYUMEN TYEnergo Other
TYUMEN TYEnergo Other
TYUMEN TYEnergo Other
TYUMEN TYEnergo Other
TYUMEN MINATOM (W]
TYUMEN MINATOM €]
TYUMEN MINATOM 3]
FAREAST FEEnergo HPP
FAREAST MINATOM NPP
FAREAST FEEnergo CHP -A
FAREAST FEEnsrgo CHP-B
FAREAST FEEnergo CHP-C
FAREAST FEEnergo CPP-A
FAREAST FEEnergo CPP-B
FAREAST FEEnergo GT
FAREAST FEEnsrgo CPP-C
FAREAST FEEnergo Other
FAREAST FEEnsrgo Other
FAREAST FEEmargo Other
FAREAST FEEmnargo Other
FAREAST FEEmnergo Other
FAREAST FElreege Other
FAREAST FEEmrgo Other
FAREAST LM & Defiok LM
FAREAST LM A& Deflot WM
FAREAST LM & Deflcit M
Totsl
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RUSSIAN ELECTRIC POWER
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Scenario: ERI1008

DAY 1
ERI 1968 Scenario, 07/ 19/04

2. Raalized Demand in MW

CENTER
MVCOLGA
SIBERIA
FAREAST
Toted

3. Actual Demand Mstin MW

MVCLGA
SIBERIA
FAREAST
Toked

4. Shoriage in MW

MVCLGA
SIBERIA
FAREAST
Total

5. SMP Values in RWh

11,088
38,424

17,608
23318
36258

8,530

148,978

o POOOOOOO

REPMOFF)
RUSSIAN ELECTRIC POWER MARKET

OPERATIONAL & FINANCIAL FRAMEWORK
Blysical Ouputs & SMP

10,224 12,528 14258

30.424 47,104 40,684

8,840 8,455 0,025

18,562 21,728 21,504

24,388 26,800 25,906

30,964 40,788 39,552

9,400 9,003 9,312

550 S.348 s.08

154,430 173,354 176,002

10224 12,528 14,258

30.42¢ 47,104 49,004

8,840 8,455 9,025

18,562 21,728 21,504

24,388 26,800 25,008

3% 964 40,788 30,552

9,400 9,003 9,312

£.508 o048 LX<

154,430 173,354 176,002

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 g

2 Q o

0 0 0

3302 3302 3.02
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12,672
46,502

8,455
21,086
25,728
40,376

9.508

170,733

12672
48,562

8,435
21,088
25728

9,508

170,733

© POOOOOOO

12,818
48,040

8,645
22 400
26,532
41200

9,700

178,350

(-2 -N-N-N-N-N-X-J-3

3.0

14,400
51,200

9,500
22,400

38,318
9,021

178,001

14,400
51.200

8,500
2,400
20204
38,316

9,021

178,001

o POOCOCOOOO

a3.02

C\REPO\REPO1.WQ
21 Ju o4 1444

12,384
46,080

19,836
24,120
35,844

8,430

181,885

(-2 - R~ N-NeN«NNey-)

33.02

©C COoOO0OO0OOCOOoCO o Koo oOO0O

© POO0oOOoOOOO

0.00
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8. REALIZED LINE CAPACITIES in MW

Parindd 3.
___NWEST  CENTER NCAUC _ MVOLGA URALS  SIBERA TYUMEN FAREAST
NVEBT o 1,800 o 0 0 o ° )
CENTEN 1,600 ] 1,000 4,000 0 Q Q o
NCAUG ° 1,000 o o 0 0 0 0
" MVOLGA ] 4,000 ] ] 3,000 Q ] 0
URALS ° o o 1.800 o 3,000 1,000 o
SIBERA ° o 0 0 3.000 o ° o
TYUMEN 0 Q ] o 1,000 [} [} -]
FAREAST (] ) Q [-] ] ] (] ]
Eatied 2. -
NNEST CENTER NCAUC _ MVOLGA URALS SIBEMA __TYUMEN FAREAST
netT ] 1,000 ] 0 0 [] )
CENTER 1,800 ° 1,000 4,000 0 0 o o
NCAUC 1] 1,000 0 0 0 0 0 o -
MVOLGA ° 4,000 0 0 3,000 0 ) o
WRALS ° o 0 1,000 o 3,000 1,000 o
SIBERA ° o 0 ° 3,000 0 0 ° -
TYUMEN ° o ) ° 1,000 o o o
FAREAST ) 0 0 0 0 ) 0 0
Patiad 3.
NWEST _ CENTER NCAUC __ MVOLGA URALS  SIBERIA _TYUMEN _FAREAST
NWERT o 1,000 o o o o ] ° —
CENTER 1,600 '] 1,000 4,000 ] ) [} ]
NCAUC 0 1,000 [ 0 0 ] (-] ]
MVOLGA Q 4,000 [ ] 3,000 ] -] ] w—
URALS Q 0 [ 1,800 0 3,000 1.000 o
SBEAA ° o o ° 3,000 ° o o
TYUMEN 0 ° o o 1,000 ° o °
FAREAST 0 ] 9 [] [] [] ] (]
Puind &
NWEST  CENTER NCAUC ___ MVOLGA URALS =~ SIBEA  TYUMEN FAREMST
NVERT Q 1,800 ° ] [] [] [ []
CENTER 1,000 ] 1,000 4,000 ] ] ) ]
NCAUC ] 1,000 ] ] 0 ] 0 [ ]
MVOLGA o 4,000 ° ° 3,000 ° ° °
URALS o ° ° 1800 o 3,000 1,000 ° -
SIBERA -] [ ] ] ] 3.000 ) ] ]
TYUMEN o ° 0 ° 1,000 ) ¢ °
FAREAST 0 o 0 o ) 0 0 o
Purind 8
NWEST  CENTER NCAUC _ MVOLGA URALS  SISERIA_ TYUMEN _FAREAST
NwEsT ] 1.600 o ) ] ° ° °
CENTER 1,800 o 1,000 4,000 0 0 o 0
NCAUC ° 1,000 0 0 o 0 ° 0
MVOLGA ° 4,000 0 ° 3,000 0 ° 0
URALS ° o o 1,000 0 3,000 1,000 °
SIBEMA ° 0 0 ° 3,000 ° ° °
TYUMEN ° 0 ° ° 1.000 ° ° °
FAREAST ] Q Q ] [} 0 ] ]
Paind 8,
NWERT  CENTEM NCAUC __MVOLGA URBALS  SISERA  TYUMEN FAREAST
NnweT o 1,000 [] ° ° o ° o
CENTER 1,000 ° 1,000 4,000 ° ¢ ° 0
NCAUC ° 1,000 ° ° ° ° o °
MVOLGA ° 4,000 ° ° 3,000 0 0 °
URALS ° ° ° 1,800 0 3,000 1,000 0
SBENA ° 0 ° 0 3,000 ° ° °
TYUMEN o ° ° ° 1,000 ° ° °
FAREAST 9 ° ° 9 o ° o 9
Datiad 7
NWERT NC. M UR 8l FAR
NWEST G 1,000 ° ° [] ° o 0
CENTER 1008 ° 1,000 4,000 o ° 0 °
NCAUC 0 1,000 ° o o ) 0 °
MYOLGA ° 4,000 ° o 3,000 ° ° °
URALS ° [ ° 1,000 o 3,000 1,000 °
SIBENA 0 ° ° ° 3,000 ° ° °
TYUMEN o ° o ° 1,000 ° ° °
FAREAST [ [ ) o 0 o 0 °
l
NNGT ) un 8 MEN__FAR
NYET (] 1,800 o [] [ ] ° 0
CENTER 1000 [ 1,000 4,000 ° ° ° °
NCAUC ° 1,000 ° ° ° ° ° °
MVOLGA ° 4,000 ] ° 3,000 o ° 0
URALS ° 0 o 1800 [ 3,000 1,000 °
SIBERA ° ° o ° 3,000 o ° o
TYUMEN o o ¢ ° 1000 ° ° o
FAREAST 0 0 9 0 0 0 0 o
Entind e
__NWEST  CONTER NCAUC  MVOLGA URMSE  SIBCRA | TYUMEN FAREAST
NWET [} 1,000 [] ° ] ] ] 0
CENTER 1000 0 1,000 4,000 ° o o °
NCAUC 0 1,000 ° ° 0 ° ° )
MVOLGA ° 4,000 o ° 3,000 ° 0 °
URALS ° ° ° 1,000 a 3,000 1,000 °
LSEMA o ° ° ° 3,000 0 ° °
TYUMBN o 0 ° ° 1,000 ° ° °
FAREAST P o 0 g o o ° 3
Physiosl Outpute, page & of 8 l
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RUSSIAN ELECTRIC POWER MARKET

1. Realizad Plant Capacitie s in MW

NWEST
NWEST
NWEST
NWEST
NWEST
NWEST
NWEST
NWEST
NWEST
NWEST
NWEST
NWEST
NWEST
NWEST
NWEST
NWEST
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
NCAUC
NCAUC
NCAUC
NCAUC
NCAUC
NCAUC
NCAUC
NCAUC
NCAUC
NCAUC
NCAUC
NCAUC
NCAUC
NCAUC
NCAUC
NCAUC
MVOLGA
MVOLGA
MYOLGA
MVOLGA
MVOLGA
MVOLGA
MVOLGA
MVOLGA
MVOLGA
MVOLGA
MVOLGA
MYOLGA
MVOLGA
MVOLGA
MVOLGA

Scenario ID

Hours/Period

NWEnergo
MINATOM
NWEnergo
NWEnergo
NWEnergo
NWEnergo
NWEnergo
NWEnergo
NWEnergo
NWEnergo
NWEnergo
NWEnergo
NWEnergo
LM & Deficit
LM & Defcit
LM & Deficit
CNErergo
MINATOM
CNEnergo
CNEmergo
CNEnergo
CNEnergo
CNEnergo
CNEnergo
CNEnesrgo
CNErsrgo
CNEnergo
CNEnergo
CNEnergo
LM & Deficit
LM & Deficit
LM & Deficit
NCEnergo
MINATOM
NCEnergo
NCEnsrgo
NCEnergo
NCEnergo
NCEnergo
NCEnergo
NCEnsrgo
NCEnergo
NCEnsrgo
NCEnsrgo
NCEnergo
LM & Defloit
LM & Deficit
LM & Deficit
MVEnergo
MINATOM

HPP
NPP
CHP -A
CHP -8
CHP-C
CPP-A
CPP-B
GT
CPP-C
Other
Other
Other

OPERATIONAL & FINANCIAL FRAMEWORK C:\REPO\REP Q2 Wi
Bhysical Qutputs & SMP. 21 Ju(94 15:10

Period 1 Period 2 Period 3 Period 4 Period § Period 6 Psriod 7 Pericd 8 Period 9

ERI199S ERI1995 ERI1995 ERI1995 ERI1995 ERI199S ERI199S ERI199S  ERI99S

3 3 3 3 3 3 3 3 Q
2900 2000 2900 2000 2900 2900 2000 2,900 2.900
$800 5800 5800 5800 5800 5800 5800 §.800 $.80¢
2500 2500 2500 2500 2500 2500 2500 2,500 2.500
0 0 0 0 0 0 [+ 0 Q
1900 1900 1900 1900 1900 1900 1900 1.900 1.900
1200 1200 1200 1200 1200 1200 1200 1,200 1.200
0o [¢] [¢) o o] (] 0 0 ¢}
0 0 4} Q Q 4 0 0 Q
200 200 200 200 200 200 200 200 200
0 0 Q Q 0 0 ] Q Q
[¢) 0 0 0 0 0 0 0 o]
) 0 0 0 0 [} ] 0 0
Q ] ¢} 0 0 0 0 0 0
10000 10000 10000 10000 10000 10000 10000 10000 10000
10000 10000 10000 10000 10000 10000 10000 10000 10000
10000 10000 10000 10000 10000 10000 10000 10000 10000
4900 4900 4900 4900 4900 4900 4900 4,900 4,900
12800 12800 12800 12000 12600 12800 12800 12800 12800
14800 14000 14800 14600 14600 14600 14800 14800 14 800
0 0 0 0 0 0 o [} 0
8200 8200 3200 8200 8200 8200 8200 8.200 4.200
7000 7000 7000 7000 7000 7000 7000 7.000 7,000
0 0 0 0 0 [*] 1] 0 0
500 500 500 500 500 500 $00 500 500
3300 3300 3300 3300 3300 3300 3300 3,300 3.300
[*) 0 0 0 0 0 [+] 0 - 0
Q Q o o} [} [} [ [} Q
[} 0 o *] o 0 ] 0 [
[} 0 0 0 o 0 0 [} [}
10000 10000 10000 10000 10000 10000 10000 10000 10000
10000 10000 10000 10000 10000 10000 10000 10000 10000
10000 10000 10000 10000 10000 10000 10000 10000 10000
3000 3000 3000 3000 3000 3000 3000 3.000 3.000
0 0 0 0 o 0 o 0 o
1900 1900 1900 1800 1900 1900 1900 1.000 1.900
0 0 *] 0 0 o o 0 0
100 100 100 100 100 100 100 100 100
3900 3800 3900 3900 3.800 3900 3900 3.900 3.900
0 1] [} 0 [} 0 [ 0 ]

[*] 0 0 0 0 0 0 0 o]

600 800 600 600 600 600 600 800 800

] Q 0 0 o 0 [} 0 0

0 0 [} 0 [} [} 4 0 0

0 [} ] >} 0 o 0o 0 Q

[} 0 0 0 o 0 [ [+] 0

10000 10000 10000 10000 10000 10000 10000 10000 10000
10000 10000 10000 10000 10000 10000 10000 10000 10000
10000 10000 10000 10000 10000 10000 10000 10000 10000
6200 8200 6200 8200 6200 8200 6200 8,200 8.200
4000 4000 4000 4000 4000 4000 4000 4,000 4,000
9500 9500 9500 9500 9500 9500 9500 9,500 9,500

[ 0 0 0 [} 0 0 0 0
1400 1400 1400 1400 1400 1400 1400 1.400 1,400
1300 1300 1300 1300 1300 1300 1300 1.300 1.300

0 Q ] Q [} 0 [+] 0 0

1] 0 [*] o o 0 0 0 o

0 0 [} [} 0 0 [} 0 [}

° o 0 ] 0 o o ] o

[} Q 0 o 0 0 0 0 [+]

0 0 o [} 0 0 [} o [}

[} 0 o 0 [} [} [} 0 0

10000 10000 10000 10000 10000 10000 10000 10000 10000
10000 10000 10000 10000 10000 10000 10000 10000 10000
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123
124
12%
126
127
128

130

PHYSICAL OUTPUTS

Scenario: ERIN0GE
DAY 2
RL1 1
MVOLGA LM&Deflcit LM
URALS URErergo HPP
URALS MINATOM NPP
URALS UREnsrgo CHP =A
URALS URErergo CHP-8
URALS UREmmrgo CHP-C
URALS URErergo CPP-A
URALS URErergo CPP-8
URALS URErergo GT
URALS UREnerge CcPP-C
URALS UREnergo Other
URALS UREnrergo Cther
URALS UREnrsrgo Other
URALS URErergo Cther
URALS LM&Dellcit LM
URALS LM&Deficit LM
URALS M&Deficit M
SIBERIA SiEnergo HPP
SIBERIA MINATOM NPP
SIBERIA SiEnergo CHP~A
SIBERIA SIEnergo CHP-B
SIBERIA SIEnergo CHP-C
SIBERIA SIEnergo CPP-A
SIBERIA SiEnergo CPP~B
SIBERIA SIEnergo GT
SIBERIA SiEnergo CPP-C
SIBERIA SiEnergo Other
SIBERIA SiEnargo Other
SIBERIA SIEnergo Other
SIBERIA SiEnergo Other
SIBERIA LM & Deficit LM
SIBERIA LM & Defloit LM
SIBERIA LM & Deficit LM
TYUMEN TYEnergo HPP
TYUMEN MINATOM NPP
TYUMEN TYEnergo CHP~A
TYUMEN TYEnergo CHP-8
TYUMEN TYEnergo CHP-C
TYUMEN TYEnergo CPP-A
TYUMEN TYEnergo CPP-B
TYUMEN TYEnergo GT
TYUMEN TYEnergo CPP-C
TYUMEN TYEnergo Cther
TYUMEN TYEnergo Other
TYUMEN TYEnergo Other
TYUMEN TYEnergo Other
TYUMEN MIRATOM [§7]
TYUMEN MINATOM [§7)
TYUMEN MINATOM w
FAREAST FEEnergo HPP
FAREAST MINATOM NPP
FAREAST FEEnsrgo CHP-A
FAREAST FEEnergo CHP-B
FAREAST FEEmnergo CHP~C
FAREAST FEEnsrgo CPP~A
FAREAST FEEnergo CPP-8
FAREAST FEEnergo <13
FAREAST FEEnsrgo CPP-C
FAREAST FEEnergo Qther
FAREAST FEEmrgo Other
FAREAST FEEnergo Othes
FAREAST FEErergo Other
FAREAST FEEnargo Other
FAREAST FEllramge Other
FAREAST FEEmnsrge Other
FAREAST LM & Deflsk M
FAREAST LM A&Deflok M
FAREAST LM&Deflck WM
Total

10000
1800
600
5200

- b s - -
- - ~
§...5888 §.3..888 §.008

[-R-N-) [-N-N-N-N-N-0= ] OSOO [-R-N-N-] [- - R=] [~ -]

N
~

(-3 OOODOSODD

i

422 400

(REPMOFF)
RUSSAN
OPERATIONAL

10000
1800
600
5200
0
6600
7500
o

o
5200

-
- -
[- -] o000 0O0CGCO OSQO

~
~

[~ -] OOOOOSOOO

i

422,400

Physical Quipus, page 2 of 5

ELECTRIC POWER
& FINANCIAL

10000
1800
800
$200
1]
8600

goaoggggoooooooogogoa

N
b~y
(-] 000008000

it

422 400

MARKET
FRAMEWORK
10000 10000
1800 1800
600 800
$200 5200
Q [}
8800 8800
7500 7500
0 [*]
[} [+]
§200 5200
0 [}
0 0
[¢] 0
0 0
10000 10000
10000 10000
10000 10000
22300 22300
[+] 0
4] 0
[+] [+]
14300 14300
0 1)
0 0o
0 0
4600 4600
o [+]
[} [¢]
0 o
[\} Q
10000
10000
10000

goaaggggoooaoooogoéao

[
-~
oo OOOOOSOOO

B3t

422 .400

goooggggoooooooogogooggg

~
~
(- -] 000008000

B3t

422 400

10000

oooogooogoao

gggoo ooooogoaogoooggggoooooooogogooggg

422 400

10000

8.000

.._..
»N =000
§ L -R-R-]
ooo§888°ocoaaac

(- -1 ODOOOSOOO

C:AREPO\REPO2 WK3
21 Julg4a 15:10

10000 10000
1,800 1.800
600 800
5.200 $.200
0 [+]
6.600 6,600
7.500 7.500
0 [+]
[¢] [°]
5.200 5200
o [+]
0 0
0 0
"] [¢]
10000 10000
10000 10000
10000 10000
22300 222300
0 0
o] Q
o [¢]
14300 14300
[¢] Q
[+} Q
0 4]
4,600 4,600
Q [*]
[+) [«)
0 [¢]
0 0
10000 10000
10000 10000
10000 10000
0 o
1] .0
1,700 1,700
[+] 0
3,000 8.000
Q [¢)
[¢] Q
0 [+]
[} 0
0 0
0 0
o] 0o
[+] [+]
10000 10000
10000 10000
10000 10000
1.300 1,300
0 [+]
0 Q
[¢] 0
2,900 2,900
Q ']
[+ [+]
[+] 0
2,700 2.700
[} o
0 0
Q o
0 Q
o 0
0 0
0 [+]
10000 10000
10000 10000
10000 10000
422,400 422,400
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2. Reakzed Demand in MW

NWEST 11,088 10224 12,528 14,258 12,672 12818 14,400 12,384 o]
CENTER 30,424 30424 47,104 40,064 48,52 48,640 51200 46,080 0
NCAUC 6,038 8,340 8,455 9,025 8,455 8,648 $.500 8,645 0
MVOLGA 17,006 18,502 21,728 21,504 21,050 22,400 22,400 10,9308 0
URALS 23,316 24,388 26,800 25,908 25,728 26532 26,264 24,120 0 -
SIBERWA 25 30,904 40,788 3,582 40,370 41200 38,316 35,844 0
TYUMEN 8,538 9,400 0,603 9.312 9,508 9,700 9,021 8,49 0
FAREAST a2 5509 8048 X 4348 6417 6.9 X174 Q '
Tobal 148,978 154,420 173,354 176,002 170,733 176,350 178,001 161,885 0
8. Actual Demand Met in MW I
NWEST 11,088 10,224 12,528 14,258 12,672 12,816 14,400 12,384 0
CENTER 36,424 30,424 47,104 49,004 468,502 48,840 51,200 46,080 0
NCAUC 6,935 8,840 8,455 $,028 8,455 8,045 9,500 8,845 0
MVOLGA 17,008 18,502 21,728 21,504 21,088 22,400 22,400 19,936 0
URALS 23310 24,388 20,500 25,908 25,728 20,532 20,264 24,120 0
SIBERIA 30,256 30,504 4,788 39,582 40376 41200 310 35844 0
TYUMEN 4,538 9,408 9,003 9,312 9,508 9,700 0,021 3,400 0
FAREAST iz ik 0348 [-X- <] [-F ) 417 £.900 g417 Q
Tolal 148,978 154,430 173,354 176,002 170,733 176,350 178,001 161,008 0 I
4. Shoriage in MW
NWEST 0 0 0 0 0 0 [} 0 0 l
CENTER 0 1] 0 [} [} ] [} 1] [¢)
NCAUC 0 0 0 0 0 0 /] 0 0
MVOLGA 0 [} [} [} o 0 0 [*] 0
URALS 0 0o [} 0 0 0 0 0 0
SIBERIA 0 0 9 0 ] 0 0 0 0
TYUMEN 0 ] ] [} [} 0 0 0 "]
FAREAST Q Q Q Q Q 2 Q ('] Q
Toll 0 0 ] 0 0 0 0 0 0 l
5. SMP Values in RA(WRh
SMP 3302 3.02 8.0 3.0 3.0 33.02 33.02 3. 0.00 .
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Physical Ouiouts A 3MP 2t Juigs 18
Putiod. 1
NWERT CENTER NCAUC MVOLGA URALS SIBERIA __ TYUMEN FAREAST
[] 1,000 [ 0 0 [ 0 0
1,600 0 1.000 4.000 Q 0 Q Q
o 1,000 ) 0 0 o 0 ]
[} 4,000 o [ 3,000 [} 0 [}
[} [} 0 1,800 [} 3,000 1,000 °
[} [ [} [} 3,000 [} 0 [
[} [} 0 ] 1,000 [} 0 ]
') ) [} [} [} Q o [
Patied 2.
NWEST _CENTER NCAUC _ MVOLGA URALS  SIBERIA__TYUMEN _FAAEAST
[ 1,000 ) [} [) [) [ 1)
1.600 ] 1.000 4,000 0 o o ]
o 1,000 Q [} o [} 1] ]
[} 4,000 o [} 3.000 0 ] [}
[ [} 0 1,800 [} 3,000 1,000 [}
o ° 0 o 3,000 [} [} [
[} o [} 0 1.000 [ 0 0
') [} [} ) [} o [] ')
Buied 3
NWEST CENTER NCAUC MVOLGA URALS SISERIA  TYUMEN FAREAST
0 1,600 [] [] [ [} o [
1,000 ] 1,000 4,000 [} [} [} [}
o 1,000 o ° [ [} [ [}
] 4,000 0 -] 3,000 0 0 Q
[} [ 0 1,800 Q 4,000 1,000 Q
[} 0 0 ] 3,000 ] Q L]
-] ] 0 Q 1,000 0 ] ]
9 9 _ ] ] ] ] '] ]
Fatiad 4
NWEBT [~ NC ) Tyum FAR
[ 1,800 [) [] 0 [] [) [)
1,000 ° 1,000 4,000 0 [} ] ]
[} 1,000 o [} [} ] o [}
Q 4,000 ° -] 3,000 0 ] ]
] [} ] 1,000 ] 3,000 1,000 [}
] [} 0 0 3,000 [} ) [}
] 0 [} o 1,000 [} ] ]
['] (] (] 0 ] (] ) 1]
Exiad 3.
NVEST CENTER NCAUC MVOLOA URALS RIA  TYUMEN FAREMT
[) 1,600 [} [} ] ] [} Qq
1.000 ] 1,000 4,000 ] ] ] ]
Q 1,000 [} ] ] o ] o
0 4,000 [} (] 3,000 [} Q Q
0 [ 0 1800 [ 3,000 1,000 ]
[} ] [} L] 3,000 [} ] o
[} [} [ ] ] 1,000 0 ] ]
—, -9 Q (] ] (] Q ]
Detind 8.
-] 1,000 [) [] ) 0 [-] []
1,800 0 1,000 4,000 ] ] [ ] [}
o 1,000 ] -] ] ) [] ]
[} 4,000 [ ] 3,000 [} ] [}
° ] 0 1,900 [ 3,000 1,000 [}
[} [] [ [} 3.000 [} [} 0
[} o ] [} 1,000 o ) L]
0 9 2 (] (] ] ] 9
Eind 2.
M TYUM! FAR
[ 1,000 [ o [] [} [} []
1,008 [ 1,000 4,000 ° Q [} [}
L] 1,000 ] ] ] ] [} [}
[} 4,000 ] e 3,000 -] ] [ ]
] ] -] 1,000 [} 3,000 1,000 ]
o [} [} L] 3,000 ] ] ]
(] [} [ ] ] 1.000 [} [} ]
] ] [} 9 ] (] 9 ]
Duisd 8
NWERT M FAR|
o 1,000 o 0 [] 0 ) [)
1.800 ] 1,000 4,000 o [} [ ]
° 1.000 0 o ° [ ] o
[] 4,000 ° [] 3.000 [} o °
] ] ] 1,800 [} 3,000 1,000 [}
-] ° o ° 3,000 Q [} 0
[} [] [ [} 1,000 ° 0 [
[) [] [] 0 Q ] 0 ]
NW M FAR
[ 1,600 L] [] [) ) [ []
1,000 o 1,000 4,000 [} ] [} [}
0 1,000 o ] [} ] [} ]
-] 4,000 ] [} 3,000 ° ] [}
] o [} 1,800 0 3,000 1,000 (-]
] 9 0 ] 3,000 ] ] ]
o ] ] ] 1,000 ] ] ]
("] -9 Q (] ] ] ] 0
Physiosl Ouipute, page 4 of §
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APPENDIX G

Sample Detailed Output

The following is a sample detailed output produced by the model using input data
described earlier. This sample output is for Period 1 of DAY | and for Type A market
structure. Detailed outputs for all the periods of all the days are similar to this sample output.
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