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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 ENERGOs. 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 



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 111 
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. 



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. 



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. 



11. 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 Unved Electric Power System, 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 mnes 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 simdatc 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. Basic electric Dower sector oreanization structure 

The framework assumes an underlying electric power organization structure as a basis 
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for developing alternative scenarios. The basic structure comprises of four types of 
institutionaVeconomic enti ties 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. importinglexporting) 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 h c i a l  statements of various economic entities under various market structures. 
The following is a list of definitions related to electricity prices and tariffs: 

Pool Aucharc 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 Tan'# 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. 

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 leastcost 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 al l  the generating plants. The optimization model uses a network flow approach 
for optimization. 

C. Data used as invut bv the framework 

At the operational level, the framework takes in as input the following data: 

System Pmzmte~s: These include the zonal structure of Russia, the existing generation 
and tmsmhion 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) 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. 

(ii) 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. 

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

(iv) 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 breakeven wholesale electricity prices. 

(v) Retail electricity prices: The framework wouid 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. 

(vi) 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. 

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

(viii) Ownership structure for various generating plants. 

D. Ournuts -sis su~mrted bv the framework 

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. 

Benchmark electricity  rice^ 

The following are benchmark electricity prices reported by the model: 

Benchmark Zonal Wholesale Prices: Yearly or daily benchmark zonal wholesale price 
in WMWh 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 jhom sale in wholesale market + export earnings = cost of buying power from 
generating plants + import costs + Jxed & 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 WMWh 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) hy (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 breakeven price at which a 
zonal distribution company can recover all its costs assuming t h  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 & 
overhead & investment costs. 

Benchmark Zonal Retail Price 2: Yearly or daily benchmark zonal retail price 2 in 
RfMWh for each zone. Benchmark retail price 2 is the break-even price at which a 
zonal distribution company can recover all its costs arswning thor the distribution 
company bays 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 assuming thut 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. 

Shadow ~ r i c q  

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, a l l  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 wi& high shadow 



prices are usually more CI-itical 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. 

Income Statements 

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 generatin? comoanv; 

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

Gross Margin 

Less Fixed costs 
Overhead costs (may include investment) 

Income 

Income Statement for a zonal 

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 

---- 
XXX 
---- 

XXX 

XXX 

XXX 

M X  

xxx 
---- 
XXX 
---- 
XXX 



Income Statement for the grid companv; 

Revenue from grid tariff levied on distribution companies 
Less Line maintenance expenses 

Gross Margin 

Less Fixed & Overhead & Investment costs 

Income 

Income Statement for a distribution comDanv; 

Revenue from sale of power to retail market 
Less Cost of buying power from wholesale market 

Cost of paying grid tariff to the grid company 

Gross Margin 

Less Fixed and Overhead costs 

Income 

XXX 

XXX 
---- 
XXX 

XXX 

XXX 
---- 

- 
XXX 
--- 
XXX 0 
XXX 
---- I 
XXX 



111. 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 11 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. 

1. Tvpe A: -ern-wide mareinal   rice based Davments to yenerato- 

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. 



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 RubledMWh). 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. I 

Electric power is purchased from the generating plants by the zonal pools at a uniform 
system-wide marginal price (SMF) 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 u 
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 

I 
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 

I 
neglects the transmission line constraints for transfer of power between zones. The merit order 
is established by ranking a l l  the generating plants in ascending order of their settlement prices 
and then satisfjring the total demand in that order. The plant with the highest settlement price 

I 
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 

1 
plants are those which exist in the unconstrained merit order but in the constrained run, their I 
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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. 

C. Financial settlements 

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. 



Fig 41. Financial Fbwr 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 Iota1 cost of constrained run and total cost of 
unconstmned 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. Tvae B: Uniform zonal marginal  rice based Dayments to Peneratoq 

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 qp 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. 

B. Dispatch of electriciu 

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. 

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 



Flg 4b. Fimnchl Fkws tor 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. 

3. T v ~ e  C : Generato r specific marginal m rice based ~avme nts to fenerato- 

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 s- 

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. 



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 based on the variable costs of generation. 

C. Financial settlement4 

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. 



Fig 4c. Financial Fbwr, tor Type C Market Structure (Gemmtor 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. 

- 

- 
Dispatch price versus settlement   rice 

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. I 

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 

I 
costs or actual bid prices are to be used as settlement price, whichever is applicable. I 
Bi-Directional Line Camclbeg 

. . I 
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. I 
Treatment of C w  HeattPower Plants I 

In the Russian system, the combined heatfpower 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%. 

I 
I - 

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 I 



heatlpower 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. 

account in^ 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 plantitype 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: 

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. 



V. Extensions to the REPMOFF 

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 : 

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). 

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

Providing the environmental impacts of various scenarios and options. 

e 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 Planning 

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: 



Define the option under study: Start with the base (current) year plantlline configuration 
of the power system, and select a plantlline 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. 

Determine the annual fixed cost of each old or new plant 

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. 



APPENDIX A 

Solution Methodology for the Optimization Program 

Optimization ~roblem 

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 
r 
i 
dispr[i] 
varcst [i] 
linecap[r 1,121 
gen[il 
gen=p[iI 
ZMP[r] 

pth period, in hours 
rth zone 
ith plant 
dispatch price of plant i 
variable cost of running plant i 
capacity of aggregate transmission between zone rl and zone r2 
generation of plant i 
generation capacity of plant i 
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 = ( gen[i] x &pr[r'] ) 

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

For each plant i: 

g@l) gencapca 

For each transmission between zone k and 1: 

flow[k,CJ s limcap[kJJ 

For each zone k: 

gen[k] + flow[kJI + shortage[k] = &-&I 

where K is the set of all zones and L is the set of all zones excluding k. 



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. 

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: 

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: 



bidpr[i] actual bid price of plant i 
exrpr[i] contract exercise price of plant i 
bidcap[i] bid capacity of plant i, equivalent to gencap[i] 
S M P  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[il x (b@r[q - SMP) (7) 

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 Cmts = Energy Payments + Constrained Payments (8) 

Total Gtid Costs = xy @en[u] x S M .  

Total Costs = z" (gen[u] x SMP) (10) 
+ C c8cnCnl x bdpdnl)  

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 



disprfi] = SMP 

• If plant is not in the initial unconstrained set, then 

dispt[a = bidpr[a 

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

Objective Function = ( gen[i] x dirpr[q ) (13) 

~nter-zonal financial settlemenu I 
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 

a 
transactions for the inter-zonal power transfers. 6 

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. I 
• 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 

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

• For eacb 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: 



mart Price at zone i = ZMP, 

If zone j is a net importer, then: 

(EXPORT, x ZMPJ 
Import Price at zone j = Loss Multiplier x (15) 

EXPORT, 

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, ~ X P O R T ,  
Loss Multiplier = - - 

IMPORTT IMPOR? 

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

I 
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, 

B 
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. 

I 
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. 

I 
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. 

1 
.m 

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 

I 
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. E 

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 

I 
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. 

I 

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 



Cprogram which is invoked automatically from Lotus 1-2-3. 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 Lorus 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. 

REP01 .WK3: Includes the aggregate and detailed physical and financial results for Day 
Type 1. 

REF'O2.WK3: Includes the aggregate and detailed physical and financial results for Day 
Type 2. 

R E P 0 3 . W :  Includes the aggregate and detailed physical and financial results for Day . 

Type 3. 

Section I describes in detail the User Inputs. Section I1 describes the process of running 
the model and the relevant menus and commands. Section 111 lists some cautions which the user 
of this model must adhere to. Section IV describes the procedure for installing the model. 



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 usuallv fixed for the entire run. 

Plant Specific Inputs 

The Plant-specific inputs are: 

o Zone Code; This specifies the region or zone to which the corresponding plant belongs. 

o Com~anv Name; This is used only in the company specific aggregation of results in the 
Cash Flow Summary. 

o Plant name; This is normally an identifier e.g. "HPP, NPP, or LM1 ". 
o Plant Variable Cost; These are the variable operating costs of each plant in - 

RubledMWh. 

o Bid These are the declared generator capacities in MW (Redeclarations 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. 

o Settlement Price; For conventional generators, these are the standard bids, in 
RubledMWh. 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 (LA4 / 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. 

o Dispatch Price; These are operating prices used in the optimization for plant dispatch 
in RubledMWh. 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 



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. 

o Generator Availabilitv Factoc 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". 

o e Maintenance Costs These costs are given per period per day. 

o Hours p r  period; The 24 hours of the day can be at most be divided into 9 periods. I 
The length of each period should be specified in hours. 

o 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. 

o This input specifies the name of the scenario and its description. 

o Num Davs This input specifies the number of days per year represented by the 
particular Day Type 

o Loss 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. 

o 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 



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 1ine.d is the multiplier used to 
reduce line capacity in the stochastic mode. 

demand: Demand may be revised upward by multiplying by parameter sigrna(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 l-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. 

o Al~ha: 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. 

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" : 



- 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 0 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 Multi~iiers; Demand multipliers are the factors by which the zonal 
demand for each period within a day type is scaled. 

o Zonal Pool Fixed & Overhead & Investment Costs Fixed & overhead & investment 
costs in each zone 

Zonal Distnbuhon Co. F . . 
o ixed & Overhead & Investment Costs Fixed & overhead & 

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

o Zpnal Wholesale Price; The wholesale price charged by the Grid for the power sold to 
the zonal distribution companies. 

o 1 Price; The retail price charged by the zonal distribution companies for the 
power sold to their customers. 

o Tariff; The tariff charged by the national grid or IPS to zonal distribution 
companies. 



11. RUNNING THE MODEL 

The following steps describe how the model is run. 

Load the Model REPOINP.WK3) 

o 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. 

o If the REP0 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 
mter]  . 

o If after retrieving the file, the main menu does not appear at the top of the screen, press 
[Alt MI* 

o 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 Dter ]  key. 

Provide Inputg 

o From the Main Menu, press WUTS..], and the Inputs Menu and the accompanying 
screen appear. 

-- Press D A Y 1  ...I, or [DAY2 ...I, or [DAY3 ...I to input data for each Day Type: 

- Press W S .  .] 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. 



- 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 pnter] 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 "de1ta.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 WTIPLIERS. .] to enter Flag, plant capacity multipliers and 
demand multipliers. 

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



-- 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. 

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

Run O D t i m w  

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

Inspect R e s a  

o From the Main Menu, press [OUTPUTS. .I, and the Outputs Menu and accompanying 
screen appear. 

-- Press [CASHFLOWS 11 to view a summary of cash flows by company, 
presenting optimization results by period and in total. The list extends beyond 



the visible screen: use the arrow keys to reach all companies. TO get back to the 
Main Menu you have to press [Alt MI. 

-- Get back to the Output Menu and Press [CASHFLOWS 21 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 
REP0AGGR.W. 

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

Press [DAY2..] to save the REPOINP.WK3 and to retrieve the 
REP02.WK3 spreadsheet for Type Day 2 detailed results. 

- Press PAY3. .] to save the REPOINP.WK3 and to retrieve the 
R E P 0 3 . W  spreadsheet for Type Day 3 detailed results. 

- Press [FTNISHED] to get back to the Main Menu in REP0INP.W 

-- Note that if you select [AGGREGATE. .I, PAY 1. .I, [DAY2. .I, or DAY3. .I, the 
program will exit the REPO1NP.W. 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 

o From the Main Menu press PORTS. . ] ,  and Reports Menu appears. First Set Up 
your printer parameters by following the instruction. Then make you selections and 
Enter. 

Note: Thc page size must be appropriately set using Lotus 1-2-3 c o d  before wing 
the printjhction of the model for the _first tim. 

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



- Change or add the new companies and plants in the input area 

- Press WPDATE..] 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 I 
without changing the C program. 

I 
Save ResulQ 

Currently, you may save the entire spreadsheet with its results, under a name of your choosing 
I 

(based on Scenario ID), or any other name using standard Lotus 1-2-3 methods. I - 

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

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

I 
While in the REP0AGGR.W s~readsheet; 

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

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

in the REP0AGGR.W.  
I 

o Press [OUTPUTS. .] to get into the Output Menu. I 
-- Press [CASHFLOW 11 to view a summary of cash flows by company. To get 

back to the Main Menu, press [Alt MI. I 
-- Get Back to the Output Menu, and Press [CASHFLOW 21 to view a summary of 

cash flows by zonal pools. Press [Alt MI to get back to the Main Menu. 
I 

-- 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. I 



-- 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 MI to get back to the Main Menu. 

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

- Press N U T S . . ]  to save the REPOAGGR.WK3 and to retrieve the 
REPOINF.WK3. 

- Press [DAY 1. .] to save the REPOAGGR.WK3 and to retrieve the 
REPOl.WK3 spreadsheet for Type Day 1 detailed results. 

- Press [DAY2..] to save the REPOAGGR.WK3 and to retrieve the 
REP02.WK3 spreadsheet for Type Day 2 detailed results. 

- Press pAY3..] to save the REPOAGGR.WK3 and to retrieve the 
REP03.WK3 spreadsheet for Type Day 3 detailed results. 

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

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

sections of the REPOAGGR. WK3 spreadsheet. 

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

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

While in the REP01 .WK3 (or similarlv in REP02.WK3 and REP03.WK3) spreadsheet: 

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

o In case the name of companies were changed, press WDATE..] to update the names 
in the RE901.WK3. 

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

-- Press [CASHFLOW 11 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 23 to view a summary of 
cash flows by zonal pools. Press [Alt MI to get back to the Main Menu. 



-- 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. .I to save the REP01 .WK3 and to retrieve the 
REPOINP.WK3. 

I 
- Press [DAY2..] to save the REPOl.WK3 and to retrieve the 

REP02.WK3 spreadsheet for Type Day 2 detailed results. 
I 

- Press [DAY3. .] to save the REP01 .WK3 and to retrieve the 
REP03.WK3 spreadsheet for Type Day 3 detailed results. 

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

I 
- Press FINISHED] to get back to the Main Menu in 

REPOAGGR. WK3. 
I 

-- In the Main Menu of REPOl.WK3, press [REPORTS..] to print the selected 
sections of the REP01 .WK3 spreadsheet. 

1. 
-- Press [SAVE. .] to save the REPO1. WK3 in the harddisk. I 
-- Press [EXIT. .] to exit the program completely. I 

o The menus in R E P 0 2 . W  and REP03.WK3 are similar to ones in REPOl.WK3. 

MAIN MNI 

INPUTS.. Enter Plant, Line, Demand, and other inputs I 
PROCESSING.. Select time periods to run, and run them I 
OUTPUTS.. Examine outputs after optimization 



REPORTS.. 

UPDATE.. 

SAVE.. 

m.. 

INPUTS.. Menu 

DAYl.. 

DAY2.. 

DAY3.. 

CONTROL.. 

GENCO.. 

OTHERCOSTS.. 

FINISHED 

DAYl.. Menu 

BIDS.. 

LINES.. 

DEMAND.. 

SCENARIO.. 

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 



PROCESSING.. Menu 

ALL 

MAIN 

OUTPUTS.. Menu 

CASHFLOWS 1 

CASHFLOWS 2 

AGGREGATE 

DAYl 

DAY2 

DAY3 

FINISHED 

REPORTS.. Menu 

SET UP.. 

DAYl 

DAY2 

DAY3 

CASHFLOW 

ALL 

FMISHED 

Run the optimization for all 9 periods 

Return to the MAIN menu without processing 

View summary of cash flows by company 

View summary of cash flows by zone 

Retrieve REPOAGGR. WK3 spreadsheet 

Retrieve REP0 1 .WK3 spreadsheet 

Retrieve REP02. WK3 spreadsheet 

Retrieve REP03 .WK3 spreadsheet 

Return to MAIN menu 

Set Up your printer parameters 

hint  Report of DAY 1 

Print Report of DAY 2 

Print Report of DAY 3 

Print Report of Aggregate Cash Flows 

Print All Inputs and Aggregate Cash Flow Reports 

Return to MAIN menu 



UPDATE.. MENU 

-- Update Plant Names/ Regions info in Spreadsheet 

SA VE.. Menu 

-- Save the spreadsheet 

EXIT.. Menu 

DOS Exit to DOS 

MAIN Don't exit. Return to main menu 

RESERVED For development and maintenance use only 



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. 

o 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. 

o 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. 

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

o 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 1-2-3 commands. 

o Do not use comma-based formatting for numbers, otherwise, the optimization program 
will crash. Use only decimal based number formats. I 



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 REP0 1. WK3, REPO2. WK3, REP03. 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 FlLES FOR REPMOFF WLLL BE LOADED IN DZRECTORY C:\REPOW 

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

3. Wait 

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

"INSTALLATION SUCCESSrmLLY COMPLETED" 



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 WMWh that each 
generating plant would settle to sell its energy under any market structure. 

Dispatch Price: Dispatch price in WMWh 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 

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 Capacity: Transmission line capacity in M W  between each p-air of zones. 
The model allows bidirectional flow across lines and also bidirectional line capacities. 



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. 

Fixed and Overhead Costs for the Grid: These are fixed and overhead costs in 
Rubles per day for the national grid. 

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

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. 

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

Overhead Costs for Generating Companies: These ate 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. 

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

Zonal Grid Tariff: Grid tariff in WMWh for each zone. Zonal grid tariff is 
charged by the national grid to respective zonal distribution companies. 

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

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". 



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. 

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. 

Stochastic and Other I n ~ u t ~  

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. 

De1ta.d: Probability that demand will be less than projected. 

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

De1ta.u: 1 - (Probability that demand will be higher than projected). 

 sigma.^: Multiplier ( must be > = 1) to scale demand for the higher demand 
C81#. 

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. 



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. 

I 
cQlmmus 

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

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

I 
* Market Structure: " 1" for type A, "2" for type B, and "3" for type C market 

- 

structure. 
I 

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

2. OUTPUTS FOR EACH DAY TYPE 

Detailed Outpu$ 

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). i 
Settlement Price: Original settlement price (RJMWh) that was input by the user. 

Dispatch Price: Actual dispatch price (RlMWh). 
I 
I 



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. 

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 WMWh) for each zone. -- 

Energy Payments: These are payments made by the zonal p l  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 Paymmts: Total payments received by each generating plant. This is the 
sum of energy and uplift payments. 

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. 



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 RIMWh for each period of the day. 
SMP is meaningful only for Type A market structure. I 
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. I 

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

Income Statement for the Zonal Pools: Income Statement for the day. I 
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 + aport earnings 
= cost of buying power from generating plants + import costs + fixed and 

I 
overtread costs". The benchmark price is thus the least price that a zonal pool 
can charge to recover all its costs. 

I 
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) (the total consumption of power in the 
entire system). It is the least average wholesale price that each zonal pool can 

I 
charge so that the total costs for all the pools combined is recovered. I 



Benchmark Zonal Retail Price 1: Daily benchmark zonal retail price 1 in 
WMWh 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 marker at benchmark tonal 
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: Daily benchmark zonal retail price 2 in 
WMWh for each zone. Benchmark retail price 2 is the break-even price at which 
a zonal distribution company can recover all its costs asswning 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. 

Average System Retail Price 1: Daily benchmark system retail price 1 in 
WMWh 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: Daily benchmark system retail price 2 in 
WMWh 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 asszuning that the 
distribution company buys power in the wholesale market at wholesale prices 
input by the user. 

3. AGGREGATE OUTmTTS FOR THE ENTIRE YEAR 

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. 



Aggregate Fixed Costs: Yearly fixed costs for each generating plant. 

Income: Yearly income for each generating plant. 

Ggereeate Phvsical Outpyf~ 

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 RIMW 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 RiMW 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. 



CashFlow Outputs 

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 
WMWh 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 + jixed 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 
WMWh 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) 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 
WMWh 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 
WMWh for each zone. Benchmark retail price 2 is the break-even price at which 
a zonal distribution company can recover all its costs asuming 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. 



Average System Retail Price 1: Yearly benchmark system retail price 1 in 
RlMWh 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 
WMWh 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. 



I APPENDIX D 

I Data Input to the Framework 

Available Dab 

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

I demonstration only, and they are not meant to be used to draw any conclusions about investment 
a1 tematives . 

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

I 
2 Center 
3 North Caucus 
4 Mid Volga 

I 5 Ural 
6 Siberia 
7 Tyumen 
8 ~2 East 

b) Model of generation aggregated as eight plant-types in each zone: 
NPP: Nuclear 
HPP: Hydro 
CPP-A: Condensed Steam (Gas, Oil, Steam) 
CPP-B: Condensed Steam (Gas, Steam) 
CPP-C: Condensed Steam (Coal) 
CHP-A: Combined HeatJPower (Gas, Oil, Steam) 
CHP-B: Combined HeatlPower (Gas, Steam) 
CHP-C: Combined HeatiPower (Coal) 
GT: Gas Turbine 

1 c) Bidirectional transmission capacity limits between zones. 

I d) Plant-type capacities in each zone. 

e) Plant-type heat rates in each zone. 

I f) Plant-type fuel cost in each zone. 

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

I 
h) Plant-type maximum yearly hours of operation in each zone. 



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 
heavpower plants. 

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 work in^ Grou~ 5 "Strate~v and 
Integrationw. March 1994, 

Generator Capacities: Data taken from tables provided by the Workin? Grou~ 
5 " S t r a t ~  and In te~ t ion"  . March 1994, 

Generator Variable Costs: Data provided directly by EN. 

Generator Availability Factors: Data provided directly by ERI. 

Transmission Line Capacities: Data provided directly by ERI. 

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

Zonal Investments: Data provided in ERI computer output sheet. 

Data In~ut  Sheets 

The following are the data input sheets used by the model. 
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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. 
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~Zocrl Inaomr, AaU B.ndmur 

Ywrt# A w e  BrPkru* 8ysbm.R.hI P h  1 (-1 2522 
YN* A w e  Eamhmtk W s b n  FbhY Plb.  2 (WWh) 0.00 

Pod 

NWEST 0 101,736WO (1 .W3.148,-) (26.895.410) (2D4.457.9PO) (1.3M.7M.m) 
CENTER 0 64.380.m (5,063.443200) (9P,627.726) , 1 6 7  (6.135.857.W) 
NCAUC 0 0 (039 .150 .~ )  (133,565,458) (SOb.W.OB4) (1.871.364,2?4) 
MVOLM 0 Gd.ooO.33s (2,125,729,920) (4.977.626) (303.@6.WO) (2,307,033,152) 
URKS 0 25.M8.m (2,SW289.'X4) (195,876,128) (1.436.553,WO) (4.SS.820.312) 
SI~ERI  A o 1 5 6 . 4 2 3 ~ 0  P ~ I O , O I O , ~ ~ )  o (ass ,m,oeo) p , n i  ,437,440) 
MUMEN 0 59,612,080 (007.619.?76) 0 (163.284.000) (1,011,4W.752) 
FAREAST 0 0 (€21.110,912) 0 (705 , S O W )  (I .el 8,sso,oso)( 

t~~ QIM ~ h r d  -1- w 
Cblrkrlbn Turn h u d 8 . m .  
Corn- M u l l  W u b r b n  Cat. hvm&fmrb 

U u k d  
NWEST 0 0 0 0 0 
CEHTER o o o o o 
NCAUC 0 0 0 0 0 
MVOLGA 0 0 0 0 0 
URKS 0 0 0 0 0 
SIBERIA 0 0 0 0 0 
TWMEN 0 0 0 0 0 
FAREAST 0 0 0 0 0 

AaGREGAlE ash Fbw. pago 3 ot 3 

Wubrbn W d m r l m  
Rb. Rb. 

-1 
0.00 1 8.03 
0.00 23.a) 
0.00 34.91 
0.00 20.W 
0.00 31.30 
0.00 18.56 
0.00 19.11 
0.00 44.52 

uu ~ m u l  ~ . n d m ~ ( r   andm mu* 
TrYl R a w  R .WI  R.w) 

Rb. Rb. 1 Rb. 2 
1 cWum1 (WuWh) 1 

0.00 0.00 18.03 0.00 
0.00 0.00 n.m 0.00 
0.00 0.00 34.91 0.00 
0.00 0.00 20.W 0.00 
0.00 0.00 31 .30 O m  
0.00 0.00 16x6 0.00 
0.00 0 .00 18.11 0.00 
0.00 0.00 44.52 0.00 
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Eaminp. Eamhg. Colt. Co.L. Gods 

C o w n y  X o 0 o o o o 
Company X 0 0 0 0 0 0 
Company X 0 0 0 0 0 0 
C o w n y  X 0 o o o o o 
Comp.ny X 0 o o o o o 
Comp.ny X o o o o o o 
Company X 0 0 0 0 0 0 
Comp.ny X 0 o o o o o 
Company X 0 0 0 0 0 0 
Comp.ny X o o o o o o 
bmp.ny  X o o o o o o 
Comp.ny x o o o o o o 
&mp.ny X o o o o o o 
Comp.ny X o o o o o o 
Company X 0 0 0 0 0 0 

Qmprny X o o o o o o 
Company X 0 0 0 0 0 0 
Company X 0 0 0 0 0 0 
Company X 0 0 0 0 0 0 
Company X 0 0 0 0 0 0 
C0mp.n~ X o o o o o o 
Cowany X 0 0 0 0 0 0 
Comp.ny X o o o o o o 
Cowany X o o o o o o 
Comp.ny X o o o o o o 
Company X 0 0 0 0 0 0 
Cowany X o o o o o o 
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Cowany X o o o 0 o o 
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Cowany X o o o o o o 
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a w a n v  x o o o o o o 
Cowany X o o o o o o 
Comp.ny X o o o o o o 
Comp.ny X o o o o o o 
Camp.ny X o o a o o o 
Cowany X o o o o o o 
Cowany X o o o o o o 
C o r n y  x 0 0 0 0 0 0 
Cowany X o 0 o o o o 
*mP.nY x 0 0 0 0 0 0 
C o m n y  X o 0 o o 0 o 
Camany X 0 0 0 0 0 0 

ToLIl 70.2l6018 0 ( S O ~ O I 7 )  0 0 Sornlgar 
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wwm 0 0 0 0 0 
C A I U n  0 0 0 0 0 

Mud 88nOhnYk 
Wh- molub 
Rb. Rb. 
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Company X o o o o o a 
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Company X 0 0 0 0 0 0 
C o m n y  X o o o o o o 
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Comprny X o o o o o o 
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Company X o o o o o o 
Cowany X 0 o o o o o 
Company X 0 0 0 0 0 0 
Company X 0 0 0 0 0 0 
C o m n y  x o o o o o o 
Company X 0 0 0 0 0 0 
Company X 0 0 0 0 0 0 
Comprny X o o o o o o 
Comprny X o o o o o o 
Comprny X o o o o o o 
ComprnY x 0 0 0 0 0 0 
CompurY x 0 0 0 0 0 0 
C o r n y  x 0 0 0 0 0 0 
cawany  X o o o o o o 
Comprny X o o o o o o 
C o r n y  X 0 0 0 0 0 0 
Comprny X o o o o o o 
e m p r n y  X o o o o o o 
C o r n y  x 0 0 0 0 0 0 
Cowany X o o o o o 0 
Comwny X o o o o o o 
C o r n y  x 0 0 0 0 0 0 
CompurY x 0 0 0 0 0 0 
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CompurY x 0 0 0 0 0 0 

x 0 0 0 0 0 0 
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Comprny X o o o o o o 
Cowany X o o o o o o 
C o ~ Y  x 0 0 0 0 0 0 
a m p u r y  x 0 0 0 0 0 0 
C w w n y  X 0 0 0 o 0 0 

10-1 70316P18 0 (50SSSSDll) 0 0 9-1- 

hr), Fbw. p a w  2 of 3 
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Company X 0 0 0 0 0 0 
Company X 0 0 0 0 0 0 
Company X 0 0 0 0 0 0 
Company X 0 0 0 0 0 0 
Company X 0 0 0 0 0 0 
Company X 0 0 0 0 0 0 
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Company X 0 0 0 0 0 0 
Company X 0 0 0 0 0 0 
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~omp.ny  X 0 0 0 0 0 0 
Comp.ny X o o o o o o 
Cowany X 0 0 0 0 0 0 
CompurY x 0 0 0 0 0 0 
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TOMI rn/ispts 0 (3&2=.or.r) 0 0 SO.WlP2. 



N W 6 T  0 -.OW @,81S,lW (112.oU (I.ZZI.OP) 6CZS.llp) 
cenm o am a i . t r c . o i ~ ~  pa.- @ . I o o . ~  rn.300.~ 
NCAUC o o o.ol~.lm 01y.w o.aw.34) c.0u.o.) 
ww o sm.4tr am- ~i1u~.74g 1 , .  a.w.4n) 
URW o ila.nl (12117.91) a t a , t w  g,m.u) (10.1 11.- 
SUDU 0 6U.Y 1 1 2 . 1 2 h ~  0 14.024.19P) (15.508.- 
W U Y  B( 0 ?r.* @.mum 0 m3.q @ m 4 3 m  
F A R U I I  0 0 P.Ul.2m 0 P.3 14.- C.730.1m 

- - 

I W Y W I  tWUWhL 
0.m 10- 
0.m am 
0.0 YSI 
o.m 70- 
o.m 3 1 s  
0.m 16% 
0.00 19.11 
0.m U U  

[WIYE. 
Z a *  -RmrWof.Ylkl @ldTrl l l  F k d  8 d  I m o w  
0 - w  ~ W C M  - ma4 
cn*.~ Y.&a *IL- C e  

~ . * a  
rmrr a o o o o 

Orl4 Wml I d n v k  S d n k  
T r Y  IIY( W IW( 

Rb8 Rb* 1 Rb. 2 
I W Y ~ ~ I  (w-1 IWYM) rwum~ 

o m  om cam 0.m 



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. 



NWEST 
CENTER 
NCAUC 
MVOLOA 
URACll 
SIBERIA 
TWMEN 
FAREAST 

ZM Cimumpbn Gummtbn S l m U g .  P u k  ShoNg 
(mSYwh) (mSUWh) (mWUWh) (UW) 

NWEST 72 27 75.40 0.00 0.00 
CENTER 265.05 263.18 0.00 0.00 
NCAW 47 66 42.41 0.00 0.00 
MYOLGA 110.03 120.06 0.00 0.00 
URALS 14.26 138.61 0.00 0.00 
SIBERIA 224.M 234.22 0.00 0.00 
TWMEN 52 94 5557 0.00 0.00 
FA#AST 3832 3632 0.00 0.00 

T d  904.58 Wd.66 0.00 0.00 

NWEST 
CENER 
WAUC 
MVOLOA 
URAU 
SIBERIA 
P N L E N  
FAFIEAST 

{Avail&& A4u.L.d C.p.d(r (h YW) Avmmg. 
k.I Ihy 

D n l  0.- 0.- Tnns 

14500 14500 l r s w  14500 
51300 51300 51 300 51300 
9.500 9.500 9.500 9.500 

22400 22400 22400 22400 
26900 26B00 26900 26BW 
41200 41200 41 200 41200 
0.700 0,700 0.700 0.700 
6.900 6,900 6.900 6,900 

182400110 182400110 162400110 1824001)O 

F A r n S T  

Phyaiml Ou-, p.p 1 ol3 

1d.l TaW 
Export. Impom 
IrnW UWhYrnY Urn) 

4.32 1.18 
2.18 4.03 
0 .M) 5.47 
3.51 l 6 d  
0.04 8.59 
9.36 000 
2.63 0 .OO 
0 .XI 0.00 

22.02 20.00 

NWEST 
CENTER 
NCAUC 
MVOLOA 
URALS 
SIBERIA 
T W S N  
FAREAST 

NA 250% NA NA NA NA NA NA 
0.0% NA 100.0% 0.0% NA NA NA NA 

NA 0.0% NA NA NA NA NA NA 
NA 0.0% NA NA 125% NA NA NA 
NA NA NA !SO% NA 0.0% 0.0% NA 
NA NA NA NA 250% NA NA NA 
NA NA NA NA 250% NA NA NA 
NA NA NA HA NA NA NA NA 
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6 NWEIT NWEmgo CPP-I 
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15 NWMT LM4-t LN 
14 NWEST L M I  I*(bt LY 
15 NWEST LM4 I*(bt LM 
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W s m E M  
95 SmmU 
01 SmWU 
96 SmWU 
W lnJMEN 
87 MUMEN 
08 W E N  
98 W E N  

100 NUMEN 
101 TWMeJ 
102 lnJMEN 
103 TWMPl 
104 TvUMpl 
108 lnJMEN 
106 TWMPl 
107 TWMEN 
109 MUMPI 

ouu 
OIhr 
LM 
LM 
LM 
w 
FPP 
CHP- A 
CHP-B 
CW-C 
CPP -A 
CPP-0 
ar 
CPP-C 
Olhr 
O(hr 
O(hr 
Ohm 
LM 
LM 
LM 
HPP 
FPP 
CW-A 
CW-B 
CHP-C 
CPP -A 
ma 
QT 
CPP-C 
O(hr 
O(hr 
O(hr 
O(hr 
olhr 
O h r  
oew 
LM 
LM 
LM 



DETALED OUTPUT YIEA OpumUUUl Fmmrork ' Sa.nw40: ER13001C I ER11- 
AGOREQATE OETAILED OUTPUT 

vui. bb Enargy UpMl ~ O O ~ W *  
Costs Toel MWh Earninas Eamln98 Flmd Camre In=- . - - . . . - . . . - - . . . - 

+?% <.:*,. 
0 NWEST NWEmQO HPP 0 10,704,000 167 1140.000 0 0 167.040.000 
1 NWEST MlNATOU NPP 
2 NWEST NWEmrQO CHP-A 
3 NWEST N W E m m  
4 NWEST NWEmrgo 
5 NWEST NWEnrgo 
6 NWEST N W E m w  
7 NWEST NWEmrgo 
1 NWEST N W E m w  
0 NWEST NWEmrgo 
10 NWEST NWEmrgo 
1 1  NWEST NWEmcgo 
12 NWEST NWEmrgo 
13 NWEST L M ~  a ibn  
14 NWEST L M L D D ~ O ~  
1s NWEST LM a w h i t  
16 CENTER CNEmrgo 
17 CENTER MINATOU 
11 CENTER CNEmrgo 
19 CENTER CNEnrgo 
X) CENTER CNEmrgo 
21 CENTER CNEmrgo 
22 CENTER CNEmrgo 
23 CENTER CNEmrgo 
24 CENTER CNEmrgo 
25 CENTER CNEmrgo 
20 CENTER CNEmrgo 
27 CENTER CNEmrgo 
28 CENTER CNEmrgo 
29 CENTER LM 6 b1bN 
30 CENTER LM 6 b t b N  
31 CENTER L M 6  b t b n  
32 NCAUC NCEmrgo 
33 NCAUC MINATOU 
34 NCAUC NCEmrgo 
3S NCAUC NCEmrgo 
36 NCAUC NCEmrgo 
37 NCAUC NCEmrgo 
38 NCAUC NCEmrgo 
39 NCAUC NCEmrgo 
40 NCAUC NCE-fgo 
41 NCAUC NCEmrgo 
42 NCAUC NCEmt- 
43 NCAUC NCEmrgo 
44 NCAUC NCEmrgo 
45 NCAUC L M 6  blblt 
46 NCAUC LM a albn 
47 NCAUC LMI awn 
43 MMLGA M H m r g o  
49 MMLGA MINATOU 
Sa MML5A M H m r g o  
51 MMLGA MWZmrgo 
I MMLQA M H m r g o  
53 MVOLGA M s m r g o  
5* MVOLaA MIILr*cgo 
55 MMLGA UYErrcga 
Sd MMLQA YVEnwy. 
57 M M L a A  U U m  
s6 M M L a A  YUaUqD 
59 MMLOA Wm 
60 MMLQA Yn- 
61 MMLaA LM I 
62 MVOLQA LM I Dl(bR 
83 UVOLGA LM &fb& 
64 URALS W I E m m  
05 URALS MlNATOU 
88 WALS UREmrgo 
67 WALS U R E r n w  
88 WIALS UREmrgo 
60 U R M I  UREmlw 
70 W I M I  UREmrgo 
71 MALS UREmrgo 

CHP-8 
CHP-C 
CPP -A 
CPP-8 
GT 
CPP-C 
Othw 
o w  
othw 
othw 
LM 
LM 
LM 
HPP 
NPP 
CHP-A 
CHP-8 
CHP-C 
CPP-A 
CPP-8 
GT 
CPP-C 
Othu  
o m w  
Othw 
Othw 
LM 
LM 
LM 
HPP 
NPP 
CHP-A 
CHP-8 
CHP-C 
CPP-A 
CPP-8 
GT 
CPP-C 
omw 
Othu  
0th.C 
o m w  
LM 
LM 
LM 
HPP 
NPP 
CHP-A 
CHP-8 
CHP-C 
c#-A 
QIC-8 
a t  
CPP-C 
Olhr 
O*wr 
olhr 
omla 
LM 
LM 
LM 
HPP 
NPP 
CHP-A 
CHP-8 
CHP-C 
CPP-A 
CPP-8 
GT 

MiGREGATE D8MY.d Output. -0. I 01 2 



V u i .  bb Energy Upllit A99~g.. 
Phnt Costs Tobl MWh Earnings Eamlngs ~ l x e d  casts Inmnm 

72 URALS UREm- CPP-C (3423Sl .W) 29952,a)O 641 . W l W  0 0 209dP.000 
73 URALS UREmrgo Othw 0 0 0 0 0 0 
74 URALS LlREmfW O m r  0 0 0 0 0 0 
75 URALS U R E m W  Othw 0 0 0 0 0 0 
76 URALS U R E m W  Othw 0 0 0 0 0 0 
77 WIALS LM h b f b l t  LM 0 0 0 0 0 0 
78 URALS L M ~  a t l c n  LM o o o o o o 
79 URALS L M ~  at lo i t  LM o o o o o o 
00 SIBERIA SIEmrgo HPP 0 1~.44B.000 l . a M . 4 ~ x I Q l  0 0 1.aM.4WMa 
81 SIBERIA MINATOM NPP 0 0 0 0 0 0 
82 SIBERIA SlEnrrw CHP-A 0 0 0 0 0 0 
83 SIBERIA SEmrgo CHP-B 0 0 0 0 0 0 
84 SIBERIA SIEmrw CHP-C (414311,200) 02388,000 1,237,901.2W 0 0 dPddo.Oo6 
85 SIBERIA SIEmrgo CPP-A 0 0 0 0 0 0 
M SIBERIA SEnorgo CPP-B 0 0 0 0 0 0 
87 SIBERIA SIEmrgo GT 0 0 0 0 0 0 
W SIBERIA SEmrgo CPP-C (154,440,000) 23,400,000 ~ , 4 4 0 . 0 0 0  0 0 231,Oa,.WO 
80 SIBERIA SIEmrgo Othw 0 0 0 0 0 0 
W SIBERIA S l E m r p  Olhw 0 0 0 0 0 0 
01 SIBERIA SKmrgo Othw 0 0 0 0 0 o 
02 SIBERIA StEmrgo Othw 0 0 0 0 0 0 
93 SIBERIA LM (L b f l c i t  LM 0 0 0 0 0 0 
94 SIBERIA LM 6 b f b H  LM 0 0 0 0 0 0 
95 SIBERIA LM fi athn LM o o o o o o 
W TYUMEN M n u g o  HPP 0 0 0 0 0 0 
97 TYUMEN MINATW NPP 0 0 0 0 0 0 
W TYUMEN M n w g o  CHP-A (1 20077,328) 9.4WDOO 215237.344 0 0 MM0.01d 
99 MUMEN M n w p o  CHP-0 0 0 0 0 0 0 

la) TYUMEN MMQD CHP-C (231,782.416) 46#0,000 8 O P ~ . 4 0 0  0 0 .M)JW.@M 
101 TYUMEN M n -  CPP-A 0 0 0 0 0 0 
la TYUMEN M m g o  CPP-B 0 0 0 0 0 0 
103 MUMEN M m g o  GT 0 0 0 0 0 0 
101 PNMEN MMQD CPP-C 0 0 0 0 0 0 
106 TYUMEN M n u g o  Othu 0 0 0 0 0 0 
im TYUMEN M n -  Othw 0 0 0 0 0 - 0 
107 TYUMEN Mm(p 0 t h ~  0 0 0 0 0 0 
100 TYUMEN Mnmrga  Othu 0 0 0 0 0 0 
10D TYUMEN MINATOM LM 0 0 0 0 0 0 
110 TYUMEN MlNATOM LM 0 0 0 0 0 0 
111 TYUMEN MINATOM LM 0 0 0 0 0 0 
112 FAREAST FEEmrgo HPP 0 7.WIKXI 0 0 0 0 
113 FAREAST MlNATOM NPP 0 0 0 0 0 0 

114 FAREAST FEEmrgo CHP-A 0 0 0 0 0 0 
115 FAREAST FEEmrgo CHP-B 0 0 0 0 0 0 
l i d  FAREAST FEEmrpo CHP-C (253133.700) 16.704.000 420,773,632 0 0 181139472 
117 FAREAST FEEmrgo CPP - A 0 0 0 0 0 0 

118 FAREAST FEEmrpo CPP-0 0 0 0 0 0 0 
119 FAREAST FEEmrgo GT 0 0 0 0 0 0 
la3 FAREAST FEEmrgo CPP-C (27QL396.320) 12,124.- 441W.W 0 0 121.240.768 
121 FAREAST FEEmrgo 0mw 0 0 0 0 0 0 
I= FAREAST FEEmrgo 0 t h ~  0 0 0 0 0 0 

123 FAREAST FEEmrgo Othu  0 0 0 0 0 0 
1% FAREAST FEEmreo 0lh.r 0 0 0 0 0 0 
12s FAREAST FEEmrgo Othr 0 0 0 0 0 0 
12a FAREAST FEEmrgo 0 t h  0 0 0 0 0 0 
127 FMEAST FEEmrgo OIhr 0 0 0 0 0 0 
la FAREAST L M a  W b N  LM 0 0 0 0 0 0 
lapFAREASTLM&Q(IDI LM 0 0 0 0 0 0 
130 FAREAST LN i Do LM 0 0 0 0 0 0 

TOTM vzso.owsn) ossssa.soo ismi . a n a l 7  o o o . 5 0 0 1 ~ ~ ~ )  

AGGREGATE 0.bY.d O U W ~  -0.2 o f2  



Sanub: WllOQI RUSSIAN ELEC'IFIC POWER URKET 
orwunoru a FIWAUCLAL FR~~MEWORK 

Perw i Parbd2 Period 3 PerM 4 Psrw 5 P e W 8  PerM 7 Parbd 0 Perbd 9 

NWEST NWEmrgo 
NWEST MINAlOM 
NWEST WEmrgo 
WEST NWErwcgo 
M S T  NWEmrpo 
NWEST NWEmrgo 
NWEST NWEmrgo 
WEST NWEmrgo 
NWEST WEmrgo 
NWEST NWEnorgo 
NWEST MNEmrgo 
NWEST WErwrgo 
NWEST NWEmrgo 
NWEST L M 6 0 . W  
NWEST L M 6 b W t  
M S T  LM6b l l cH 
CENTER CNEmrgo 
CENTER MlNATOM 
CENTER CNEmrgo 
CENlER c w m r g o  
CENTER CNEmrgo 
CENTER CNEmrgo 
CENTER CNEmrgo 
CENTER CNEmrgo 
CENTER CNEmrgo 
CENTER CNEmrgo 
CENTER CNEmrgo 
CENTER CNEmrgo 
CENTER CNEmrgo 
CENTER W b b l k l t  
CENTER LM60.WI 
CENTER L M 6 D . W  
NCAUC NCEmtgo 
NCAUC MINATOM 
NCAUC NCEmrgo 
NCAUC NCErrrgo 
NCAUC NCEmrgo 
NCAUC NCErnrgo 
NCAUC NCEmrgo 
NCAUC NCEmrgo 
NCAUC NCEmrpo 
NCAUC NCEmrgo 
NCAUC NCEmrgo 
NCAUC NCEmrgo 
NCAUC NCEmrp 
NCAU: LM60.(#l 
NCAUC U r a b l l c H  
NCAUC LM*D.lcll 

MVOLQA MMrrrgo 
M m L m  YtaTOY 
M w L m  wmwgD 
M m L a  wmmcg. 
M w L m  M w m r c p  
M W L W  Ulltnc(p 
MVDLaA 
MWLOA 
MWLOA 
MWLOA UIJUI* 
MWLOA MVEmrgo 
MWLGA MYEmrgo 
MWLOA MMrrrgn 
MWLGA LM. 0.w 
MWLQA L M ~  am 

HPP 
NPP 
CHP-A 
CHP-B 
CHP-C 
CPP-A 
CPP-8 
GT 
CPP-C 
Olh.r 
0th.C 
OUmr 
OUmr 
LM 
LM 
LM 
HPP 
MPP 
CHP-A 
CHP-8 
CHP-C 
CPP-A 
CPP-B 
QT 
CPP C 
OUwr 
elk.( 

Mwc 
Olwr 
LM 
LM 
LM 
HPP 
NPP 
CHP-A 
CHP-0 
CHP-C 
CPP-A 
CPP-8 
(iT 
C P P 4  
OIwr 
am 
am 
0h.C 
LM 
LM 
LM 
W P  
NPP 
C H - A  
CHP-0 
C H - C  
CPC-A 
CPC-8 
Ql 
-4 
Okr 
Ohc 
OIrr 
Ohc 
U1 
LM 

2W0 
s400 
2XK) 

0 
1WO 
1200 

0 
0 

200 
0 
0 
0 
0 

10000 
loo00 
10000 
4900 

1 2 0 0  
14400 

0 
cmx) 
7000 

0 
500 
3300 

0 
0 
0 
0 

loo00 
t m  
10000 
3000 

0 
l e w  

0 
100 

3m 
0 
0 

600 
0 
0 
0 
0 

1 m  
loo00 
1 m  
d m  
4Ow 
9500 

0 
1400 
1300 

0 
0 
0 
0 
0 
0 
0 

loaw 
10000 

0 
200 

0 
0 
0 
0 

10000 
10000 
10000 
4800 

1 2 m  
1 4 0 0  

0 
e200 
7- 

0 
500 
3300 

0 
0 
0 
0 

10000 
loo00 
loo00 
3000 

0 
1WO 

0 
loo 
3900 

0 
0 

00 
0 
0 
0 
0 

l m  
1 m  
lOOW 
6200 
4um 
9600 

0 
1400 
1300 

0 
0 
0 
0 
0 
0 
0 

loaw 
10000 

2 . m  
5 . m  
2.500 

0 
1.900 
1.200 

0 
0 

2w 
0 
0 
0 
0 

10000 
10DW 
lODW 
4,900 

126Oa 
14600 

0 
8200 
7,000 

0 
SW 

3.300 
0 
0 
0 
0 

10Doo 
l0Doo 
1oow 
3.000 

0 
1 ,m 

0 
loo 

3.900 
0 
0 

600 
0 
0 
0 
0 

10000 
10000 
10000 
6200 
4.000 
9.500 

0 
1.400 
1.300 

0 
0 
0 
0 
0 
0 
0 

10000 
10000 



Scmulo: WllOOI =I 
63 MKJLQA L M & D . M  LM 
64 U W  UREmrgo HPP 
65 U W  MlNAluM NPP 
60 URMS UREmrgo CHP-A 
67 URMS UREmrQO CHP-8 
6O U W  UREmrgo CHP-C 
80 URMS UREmrgo CPP-A 
70 URNS UREmrgo CPP-B 
71 U W  UREmrgo GT 
72 URMS UREmrgo CPP-C 
73 URMS UREmrgo Olhr 
74 U W  UREnrgo OYwc 
75 URALS UREmrgo OUm 
76 URALS UREmrgo O(hrr 
77 URMS U l h  D.llMi LM 
78 URMS LMhlh(lcft W 
79 URMS LM&D.(lcll LM 
60 SIBERIA SIEmrgo HPP 
81 SIBERIA MlNAlUM NPP 
82 SIBERIA SIEmrgo CHP-A 
03 SIBERIA SIEmtgo CHP-B 
M SIBERIA SlEmrgo CHP-C 
8S  SIBERIA SIEmrgo CPP-A 
80 SIBERIA SIEmrgo CPP-B 
07 SIBERIA SlEmrgo QT 
00 SIBERIA SlEmrgo CPP-C 
00 SIBERIA SlEmrgo Olh.r 
W SIBERIA SIEmrgo Olhr 
01 SIBERIA SIEmrgo Olhr 
92 SIBERIA SIEmrgo Olhr 
93 SIBERIA LM & D.llch LM 
04 SIBERIA U l i  D.W LM 
OS SIBERIA LM& hlon LM 
W P N M N  Mmg, HPP 
07 TWMN M l w r n M  NPP 
W P N M N  Mwg, CHP-A 
99 P N M N  Mw(p CHP-8 

100 P N K N  M w g o  CHP-C 
101 M J M N  M m r g ,  CPP-A 
102 T W M N  Mwg, CPP-B 
103 T W M N  Mmg, 
104 T W M N  Mwfp CPP-C 
105 T W M N  Mmg, Olh.r 
100 PNMEN Mm(p Olhr 
107 P N M N  Mmg, Olm 
108 P N M N  Mmfp Olw( 
109 TWMEN MlNAlDM LM 
110 T W M N  MINATOM LM 
111 TWMEN MlNATDM LM 
112 FARAST FEEmrgo HPP 
113 FAEAST MINAX)M NPP 
114 FAEAST R E m r g o  CHP-A 
1 i s  FAREAST FEEmrgo CHP-8 
1 16 FAREAST R E m r g o  CHP-C 
117 FARAST R E m r g o  CPP-A 
110 FAAUST REmr-  CPP-8 
119 F-T FEEmrgo GT 
120 F-T FEEmrgo CPP-C 
121 FAEAST FELrrgo OIwr 
l Z 2 F A R M T  m w  0h.C 
in F A R A I T ~ ~ ~ P ,  ~ h . r  
124 FA#MI f  FEbulp 0h.C 
125 F M T  FEbrm O)u 

126 F-T Ohw 
127 F M T  Olhw 
128 F-T U I & w  
129 F-T 
130 FIREAST LM & bIld( 

(AEPYOFF) 
RUSSIAN ELECTRIC POWER 
OPERATIOWL & FINANCUL - 

10000 10000 10000 
1 0  1600 1 0  
600 600 600 

5200 5200 5200 
0 0 0 

ddOO 6600 6600 
7500 7500 7500 

0 0 0 
0 0 0 

5200 5200 5200 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

10000 10000 10000 
10000 10000 10000 
loo00 10000 10000 
22300 22300 22300 

0 0 0 
0 0 0 
0 0 0 

143W 14300 14300 
0 0 0 
0 0 0 
0 0 0 

4WO 4640 46w 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

10000 10000 10000 
10000 10000 10000 
10000 10000 10000 

0 0 0 
0 0 0 

1700 1700 1700 
0 0 0 

: \REWWPOl W I U  
1 Jul Q4 14'44 

10000 l0DW 
1.600 1.8W 

600 do0 
5.200 5.200 

0 0 
6 . W  6.600 
7.500 7 . m  

0 0 
0 0 

5200 5200 
0 0 
0 0 
0 0 
0 0 

10000 1ODW 
lOD00 IODW 
10000 10000 
22300 22300 

0 0 
0 0 
0 0 



Tau 

Tau 



W-T 
c m m  
NCUn 
UMLQl 
U A U  
SIB WA 
T W Y W  
C M W  

HCWC 
UmLOI  
L R K l  
SIemA 
T W Y W  
CMLYT 

W E T  
C W A  
NCWC 
Y M U U  
UIW 
POmA 
nwm 
F M W  

c w r m  
NCWC 
YVQQI 
UUI 
(WmA 
mum 
F M W  

w m T  
C W A  
NCWC 
Y M U U  
L R U I  
(WmA 

Wbl 
F M U l  



EmmL 

WBT 
c w e  
NCWC 
U M L O I  
LRW 
O l B W A  
rWYEN 
F U ) M  

mmA 
W l T  
c m e  
NCWC 
MMLQA 
m u  
B l B W  
m Y m  
F A U I T  - 
WET 
c w m  
NCAUC 
YMCQA 
m u  
OBW* 
mum 
FA- 

W5T C w r a  NCAUC YMCQA WALE SIOEnA W M E N  FAR- 

0 0 0 M 0 
0 0 0 0 412 
0 0 0 0 07 0 
0 0 0 0 0 0 

eaLI. 
WST cwrm f f i u  uvaor s l a m  mum FA- 

W E T  0 aza 0 0 0 0 0 o l  .. - 
CMA 
NCAUC 
Y M C O I  
U*U 
Y I B U  
mum 
FCRu.I 

WET 
cmrm 
NCAUC 
Y M L O I  
WU 
weu 
mum 
F M U n  

NCAU: 
YHYQI 
LRW 
BIImA 
mum 
?MUn 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 Slll 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 

m M . 2  - - - - .- 

WrnT 
ceum 
NCWC 
YHYQI 
m u  
ma* 
mum 
F A U R  



(REPYOFF) 
Sonrb: W1100. RUSSIAN EL€CTRW: POWER M R I Q T  

OPERAllOWAL & FINANUAL FRAMEWORK 

Perbd 1 Perbd 2 Perbd 3 Pedod4 Period 5 P e W 6  Pmrbd 7 Perbd8 Permdo 

0 N m S T  NWEmrv 
1 NWEST MlNATOM 
2 WEST MLlEmrgo 
3 WEST W E m a  
4 NWEST M m r v  
5 WEST M m r f p  
0 WEST NWEmra 
7 NWEST NWEmrv 
8 NWEST NWEmrv 
9 NWEST NWEmrv 

10 NWEST NWEmrv 
11 M S T  NWEmrv 
12 WEST NWErwrv 
13 NWEST L M 6 0 0 W  
14 NWEST LMID. ld \  
15 N m S T  L M I b n t n  
16 CENTER CNEmrgo 
17 CENTER MlNATOM 
18 CENTER CNEmrgo 
10 C E M R  CWmrgo 
20 CENlER CNEmrw 
21 CENlER CNEmrgo 
22 C E M R  CWmrgo 
23 C E M R  CWmrgo 
24 C E M R  CWmfgo  
26 C E M R  CNEmrgo 
26 CENTER CNEmrgo 
27 CENTER CNEmrgo 
26 CENlER CNEmrgo 
19 CENTER LM6 b W  
30 CEHTER ~ ~ a a n t n  
31 C E M R  L M & t k W  
32 NCAUC NCEmrgo 
33 NCAUC M l w r n M  
34 NCAUC NCEmrgo 
3s NCAUC NCEmrw 
30 NCAUC NCEmrgo 
37 NCAUC NCEmrgo 
38 NCAUC NCEmrgo 
39 NCAUC NCEmrgo 
M NCAUC NCEmrgo 
41 NCAUC NCEmfv  
42 NCAUC NCEmfw 
43  NCAUC NCEmrgo 
44 NCAU: NCEmrgo 
46 NCAUC LM&bcOn 
46 NCAUC LMLDbWI 
47 NCAUC LM&D.(ol( 
48 MMLQA MVEmrp  
40 MYOLGA M I W X U I  
50 M W W I  u*rgo 
51 MMLGA -rgo 
52 MIEOLGA YVbrw 
53 MWLGA - 
54 M M W I  
55 MMLGA - 
56 M M W I  M- 
57 M M W I  Yllb.rg0 
Sa MYOLGA MIlEmfgo 
59 MMLQA M K m r g o  
60 MYOLGA MVEmrgo 
61 MVOLQA LM& bWI 
62 MMLQA L M I  b W  

HPP 
NPP 
CHP-A 
CW-B 
CW-C 
CPP-A 
CPP-0 
GT 
CPP-C 
Olwr 
Olwr 
O l h r  
Ohn 
LM 
LM 
LM 
W P  
NPP 
CHP-A 
CHP-B 
cw -C 
CPP-A 
CPP-B 
QT 
CPP-C 
Ohw 
Ohn 
Ohn 
OIwr  
LM 
LM 
LM 
HPP 
NPP 
CHP-A 
C W - B  
CHP-C 
CPP-A 
CPP-B 
QT 
CPP-C 
Ohw 
Ohw 
Ohw 
O)wr 

LM 
LM 
LM 
HP(' 
NP? 
CHP-A 
CHP-8 
cn-c 
CPC-A 
UP-8 
aT 
C P C 4  
Olhr 
Ohc 
Ohw 
Ohw 
LM 
LM 



63 MWLOA LM&D.(cl( 
04 uRMS UREmrgo 
65 u w  MIMATOM 
60 uRMS UREmrgo 
07 U W  UREmrgo 
60 URMS UREmrgo 
00 URALS UREmrgo 
70 URALS UREmrgo 
71 U W  UREmrgo 
72 URMS UREmrgo 
73 URMS UREmrgo 
74 URALS UREmrgo 
75 URALS UREmrgo 
78 URMS UREmrgo 
77 URMS L M A h k n  
78 URMS LM&D.Rdi 
79 URUS LMAD.kn  
60 SIBERIA SlEmrgo 
81 SIBERIA M l tu rnM 
82 SIBERIA SlEmrgo 
83 SIBERIA SIEmrgo 
04 SIBERIA SIEmrgo 
85 SIBERIA SIEmrgo 
60 SIBERIA SIEmrgo 
87 SIBERIA SlEmrgo 
88 SIBERIA SlEmrgo 
80 SIBERIA SlEmrgo 
90 SIBERIA SlEmrgo 
91 SIBERIA SIEmrgo 
92 SIBERIA SIEmrgo 
03 SIBERIA L M I  D.W 
01 SIBERIA LM6 Mid( 
95 SIBERIA LM& D.W 
96 W E N  M m r g o  
97 WEN M l w r n M  
90 MlMEN M m r p  
99 WMEN Mmp 

100 M J M N  Mmp 
101 W M N  TYEmrgo 
102 W K N  M m g o  
103 W K N  M m r g o  
104 W K N  Mmp 
105 W E N  Mmp 
100 W E N  M m r g o  
lo7 W E N  Mmp 
108 T W K N  M m g o  
109 W E N  MlHAIDM 
110 TWKN M l w r n u  
111 W K N  MIMATOM 
112 FARUST FEEmrgo 
113 FAREAST MIWTOM 
114 FARAST FEEmtgo 
11s FARUST FEEmrgo 
118 FAEAST FEEmrgo 
117 FAEAST FEEmrgo 
118 FARUST FEEmrgo 
119 FAEAST FEEmrgo 
120 FAEAST FEEmrgo 
121 FAEAST FEEmrgo 
122 FAREMT FUErrrgo 
123 F W T  R h r r g ~  
124 FARALT n r p  
125 F- 

120 F M T  
127 F-T FEby. 
128 FARAIT  Ma- 
ize F-T w a r n  
130 FAFEAST LM DW( 

LM 
HPP 
NPP 
CHP-A 
c w - B  
CHP-C 
CPP-A 
CPP - 8  
GT 
CPP-C 
O*wr 
OYm 
O h r  
Gmu 
LM 
LM 
LM 
HPP 
NPP 
CHP-A 
CHP-B 
CHP-C 
CPP-A 
CPP-B 
QT 
CPP -C 
Olh( 
Orwr 
Olwc 
o(h.c 
LM 
LM 
LM 
HPP 
NPP 
CW-A 
CHP-8 
c w - C  
CPP-A 
CPP-8 
GT 
CPP-C 
0h.r 
Olwr 
Olh( 
Olh( 
LM 
LU 
LU 
!+P 
NPP 
CHP-A 
CHP-8 
cw-c 
CPP-A 
CPP-B 
GT 
CPP-C 
Okr 
Okr 
Okr 
Ohrr 
OIwr 
am 
w 
W 
W 
W 

(AErnOFF) 
RUSSIAN ELECTRC POWER MRKET 
OpEmnoNAL 6 FINANCUL FRAMEWORK - 

lOD00 
1 .m 

600 
5100 

0 
0 . m  
7.500 

0 
0 

5200 
0 
0 
0 
0 

IOOW 
10000 
10000 
22300 

0 
0 
0 

14300 
0 
0 
0 

4 . m  
0 
0 
0 
0 

10000 
10000 
10000 

0 
0 

1.700 
0 

10d00 
1 .m 
m 

5200 
0 

0 ,600 
7.500 

0 
0 

5.2w 
0 
0 
0 
0 

10000 
IOOW 
toom 
22300 

0 
0 
0 

14300 
0 
0 
0 

4.600 
0 
0 
0 
0 

10000 
10000 
10d00 

0 
- 0 
-1.700 

0 

0 
0 
0 
0 
0 
0 
0 

10DW 
10000 
IOOW 
1.300 

0 
0 
0 

2 ,WO 
0 
0 
0 

2.700 
0 
0 
0 
0 
0 

0 
0 

10000 
10dw 
10dw 





WET 
cmm 
N C N C  
UML(1A 
UIW 
slew* 
mum 
C M W  

WET 
cmm 
HCNC 
Y M L Q I  
UIW 
J l l m A  
mum 
C A n U C I  

WET 
CWA 
N C N C  

WET 
cmm 
HCNC 
UYOLQI 
UIN.8 
WmA 
mum 
C M U I I  

WET 
C W T R  
NCUIO 
UYQQI 
UCU 
S S m A  
PNUm 
C A n U I I  

wmr 
CWR 
NCUIO 
U M O L  
lruU 
n u  
PNYbl 
F M W I  

WET Cmren N C N C  UMLQA m u  (UBERA w b l  C A n c M T  
0 1,- 0 0 0 0 0 0 

1 .00 0 1.000 4.000 0 0 0 0 
0 1.000 0 0 0 0 0 0 
0 4.00 0 0 5,000 0 0 0 
0 0 0 1.100 0 5.000 1,000 0 
0 0 0 0 5.000 0 0 0 
0 0 0 0 1.000 0 0 0 



WET 
cwm 

? S O L  
UIW 
SIBERA 
P N Y W  
CAnUCI 

WET 
c w m  
WIUC 
YHKaA 
UIW 
sI)m 
T W U W  
FIRUCI  

M E T  Cwm N C W  MHXOA UW (UBCRA W U W  f M M  - 
0 m 0 0 0 0 0 0 
0 0 1.m m 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 s.4 0 0 0 0 
0 0 0 0 412 0 0 0 
0 0 0 0 97 0 0 0 
0 0 0 0 0 0 0 0 

M E T  
c w m  
N C W  
M v a O I  
ill- 
WLIU 
mum 
F I R W  

mHA 
WET 
cwm 
NCAUC 
M M C W  
UIKI 
a n m A  
mum 
F I R M  

muA 
WET 
cmm 
NCWC 
MMCOL 
UYI 
WmA 
mum 

brYt 

WET 
CCMA 
NCAW 
Y H X ( Y  
UIUI 
8I.W 
Nuum 
f I R M  

WET 
c w m  
WIUC 
YMLOL 
UYI 
ammA 
w m  
C M M  

MET c w a  NCW MHXOA urw nw* mum FMW 
0 (W 0 0 0 0 0 0 
o o lam o o o o o 
0 0 0 0 0 0 0 0 
0 1.7- 0 0 0 0 0 0 
0 0 0 t.em 0 0 0 0 
0 0 0 0 e4 0 0 0 
0 0 0 0 104 0 0 0 
0 0 0 0 0 0 0 0 



M Y  a 
ERI 1- ~ . 0 7 / 1 9 / @ 4  

NWEST 
WEST 
NWEST 
NWEST 
NWEST 
NWEST 
WEST 
WEST 
WEST 
WEST 
W E S T  
NWEST 
NWEST 
NWEST 
M S T  
M S T  
CEMER 
CENlER 
CENlER 
CENlER 
CENlER 
CENTER 
CEMER 
CEMER 
CEMER 
C E r n  
CENlER 
CENlER 
CENTER 
CENTER 
C E r n  
CENTER 
NCAUC 
W U C  
NCAUC 
NCAUC 
NCMIC 
NCAUC 
NCAUC 
NCAUC 
NCAUC 
NCAUC 
NCAUC 
NCAUC 
NCAUC 
NCAUC 
NCAUC 
NCAUC 

M W L W  
M M L M  
M W r n  
M W L W  
MVOLOA 
M M L M  
M V O r n  
M M W  
MVOLQ& 
MVOLQA 
M V O W  
MVDLQA 
MVOLGA 
MWLOA 
MVOLCU 

HPP 
NPP 
CHP-A 
CHP-0 
CHP-C 
CPP-A 
CPP-8 
GT 
CPP-C 
Oh.r 
Oh.1 
Olw 
O m r  
LM 
LM 
LM 
HPP 
NPP 
CHP-A 
CHP-8 
CHP-C 
CPP-A 
CPP-8 
GT 
CPP-C 
0h.C 
Olw 
Olw 
0h.r 
LM 
LM 
LM 
HPP 
NPP 
CHP-A 
CHP-8 
CW-C 
CPP-A 
CPP-8 
GT 
CPP-C 
Olw 
0l)Wr 
olh.( 
Olw 
LM 
LM 
LM 
bPP 
NPP 
CW-A 
CWP-a 
CW-c 
--A 
GP?-0 
QT 
-4 
Okr 
Okr 
Okr 
0h.r 
LM 
LM 

PerW 1 PerW2 PerW 3 PerW 4 Perbd 5 

290a 
saw 
2500 

0 
1900 
1200 

0 
0 

200 
0 
0 
0 
0 

1m 
10000 
10000 
4000 
1 2 w  
14600 

0 
azm 
7000 

0 
500 
3300 

0 
0 
0 
0 

10000 
10000 
1m 
3000 

0 
lo00 
0 

100 
3900 

0 
0 
w 
0 
0 
0 
0 

loo00 
10000 
10000 
6200 
4000 
OdQQ 

0 
1400 
1300 
0 
0 
0 
0 
0 
0 
0 

10000 
10000 

290a 
5040 
2500 

0 
1900 
1200 

0 
0 

200 
0 
0 
0 
0 

1m 
1m 
lOOQO 
4900 
12000 
14600 

0 
a200 
7000 

0 
500 
3300 

0 
0 
0 
0 

10000 
1m 
10000 
3000 

0 
1000 

0 
100 
3900 

0 
0 

soa 
0 
0 
0 
0 

10000 
10000 
10000 
6200 
4000 
9500 

0 
1400 
1300 

0 
0 
0 
0 
0 
0 
0 

10000 
10000 

2900 
5WO 
2500 

0 
1900 
1200 

0 
0 

200 
0 
0 
0 
0 

10000 
10000 
10000 
4900 
12000 
1- 

0 
moo 
7000 

0 
500 
3300 

0 
0 
0 
0 

1000Q 
10000 
10000 
30(10 

0 
I## 

0 
100 

3m 
0 
0 

dQO 

0 
0 
0 
0 

10000 
10000 
1- 
azm 
rOOQ 
9500 

0 
1400 
1300 

0 
0 
0 
0 
0 
0 
0 

loo00 
10000 

2900 
saw 
2500 

0 
lDOO 
1200 

0 
0 

200 
0 
0 
0 
0 

lm 
10000 
10000 
4900 
12000 
1460(1 

0 
moo 
7000 

0 
500 
3300 

0 
0 
0 



63 YWLQA LM1;D.W 
64 URALS UREnrrgo 
85 URALS MlNATOM 
66 URMS UREmrgo 
67 U R W  UREmrgo 
66 U R W  UREmrgo 
00 URALS UREmrgo 
70 U W S  UREmtgo 
71 U W  UREmfgo 
72 URMS URErargo 
73 URALS UREmrgo 
74 URMS UREmrgo 
75 URNS UREmrga 
78 URMS UREmrgo 
77 URALS LMh[k#1 
78 URALS LMb[kW 
79 URALS LMbD.MIl 
00 SIBERIA SIEmrgo 
81 SI~ERIA w w m M  
82 SIBERIA SlEmrgo 
83 SIBERIA SIEmrgo 
84 SIBERIA SlEmrga 
85 SIBERIA SIEmrgo 
M SIBERIA SlEmrgo 
87 SIBERIA SIEmrgo 
M SIBERIA SIEmrgo 
80 SIBERIA SlENrpo 
90 SIBERIA SIEmtgo 
91 SleERIA SIEmrgo 
02 SIBERIA SIEmrgo 
93 SIBERIA LM&bWt 
01 SIBERIA LM& lkWt 
W SIBERIA LM & b W t  
96 T W M E N  M m g n  
97 T W Y E N  MlNATOM 
00 T W L E N  M m g n  
04 T W L E N  M r w r p  
100 T W M E N  M W g n  
101 T W L E N  M m p  
102 P N M N  MM(p 
103 P N M E N  m m g n  
104 P N M N  M n w g n  
106 T W M N  M m g n  
100 T W e N  m m g n  
107 T W m N  MWIV 
104 P N M E N  M r m g n  
10G T N M E N  MlNATDM 
110 PNMEN M I w m M  
111 T W L E N  MlNATOM 
112 FAREAST FEEmrga 
113 FAREAST U I w r n M  
114 FARUST FEEmrgo 
115 FARUST FEEmrga 
116 FAREAST FEErUrpo 
117 FARMlT FEEmfgo 
118 FARUST FEEmrgo 
119 FAREAST FEGWfgo 
120 FAREAST FEEmtgo 
121 FAFEAST F E W f g o  
122 FLSEMT FEEmlgo 
123 FARUST Rbrm 
124 FMEAIT 
125 F M T  FUnnp 

126 F-T Flillryl, 
127 F-1 
126 FAREAdT LMCOlldt 
129 F-T 
130 FAREAST L M I  D.(bl 

LM 
W P  
NP(, 
c w - A  
CHP-8 
CHP-C 
CPP-A 
CPP-8 
QT 
CPP-C 
O*wr 
OUmr 
Oumr 
Oumr 
LM 
LM 
LM 
HPP 
NPP 
CHP-A 
CHP-8 
CHP-C 
CPP-A 
CPP-8 
QT 
CPP-C 
OhH 
0h.C 
OhH 
0h.C 
LM 
LM 
LM 
HPP 
NPP 
c w - A  
c w - B  
c w - C  
CPP-A 
CPP-B 
OT 
CPP-C 
Onrn 
o(h.r 
Olhr 
0h.C 
LM 
LM 
LM 
Hf'P 
Nf'P 
CHP-A 
CHP-B 
CHP-C 
CPP-A 
CPP-B 
QT 
CPP C 
o(h.r 
Olu 
Olu 
Ohw 
Ohw 
Olu 
Olu 
LM 
LM 
LM 

1m 
1m 
coo 

5200 
0 

Moo 
7500 

0 
0 

5200 
0 
0 
0 
0 

loo00 
lm 
lm 
22300 

0 
0 
0 

14340 
0 
0 
0 

4600 
0 
0 
0 
0 

10000 
10000 
10000 

0 
0 

1700 
0 

moo 
0 
0 
0 
0 
0 
0 
0 
0 

10000 
10000 
10000 
1300 
0 
0 
0 

2900 
0 
0 
0 

2700 
0 
0 
0 
0 
0 
0 
0 

10000 
loo00 
10000 





W m T  
cmm 
NCIUC 
UMUU 
UIW 
Bum 
mYm 
C M E L n  

W l l T  
C M A  
NcW 
MYOLQA 
UW 
war 
nuurn 
C M r m  

W m T  CWm NCUK: M M L W  UIKJ SlBElll TYUYW FMEMT. 
0 1.- 0 0 0 0 0 0 

1.100 0 1.000 4 .00  0 0 0 0 
0 1.000 0 0 0 0 0 0 
0 4,000 0 0 5.000 0 0 0 
0 0 0 1.100 0 5 .00  1 . m  0 
0 0 0 0 5.000 0 0 0 
0 0 0 0 1.000 0 0 0 
0 0 0 0 0 0 0 0 

BESTAVAILABLE COPY ---roc6 



W s T  
carra  
NCWC 
MMLO* 
LRW 
SIrmA 
P N Y W  
FIREMT 

W I T  
c w r c n  
HCWC 

W r n T  
c w r c n  
NCWC 
YMLO* 
U\W 
mow* 
mum 
F M W  

wsr c w c n  NCWC M ~ O *  slrm~ mum CMWT 
W U T  0 aaa 0 0 0 0 0 0 i 
c w r c n  
NCWC 
UMCQI 
UW 
mr8U 
T W Y W  
F I R M  

wmr 
c w a  
NCWC 
UMCQI 
UW 
BUmA 
WLll 
C M u . T  

W 5 T  
c w m  
NCWC 
Y M U U  
mu. 
slr eu 
PNY# 
FIRu.T  - 
W E T  
C W A  
WWC 
YMCQI 
WU 
WEN 
P N Y #  
C M W  

W E T  
C W I A  
NCW 
YMLQA 
UW 
WEN 
W r n  
CM- 

REST AVAILAPLE COPY 



BEST AVAILABLE COPY 

0 
I a a  
l a 0  

0 
0 

100 
0 
0 
0 
0 

~ ~ 

0 
raa 
raa 

0 
0 

100 
0 
0 
0 
0 

n s  
n 5 
23 5 
n s 
13 5 
n s 
n s 
n 1 
ns 
n s 
n s 
n s 
n s 
a s 
a 5 
ass 
a s 
25s 
25 3 
a s 
as 
a 1 
xs 
251 
a I 
a 1  

mll W a w a l  
*rm I M a D w  
mn LYaDmot 
amn m- 
Q N l m  YWTCY 
amm 0.- 
CENlm CKn- 
amn m- 
CENRR C N % w  
amn 0.- 
CENRR C l L n w  
amm cum 
CENRll cKn- 
amn or- 
CENIW CKn- 
amn 0.- 
CENIW LUaD.lO1 
am# w r D m  
CENRil W I M o l  
IW m- 

W 0 
In 0 
W 0 
nr 0 
rn 0 
w - A  5am 
c w - 0  0 
OC-c nilm 
w - C  0 
OF* 0 

0 sm Imm 0 0 0 
0 m 1mm 0 0 0 
0 sm Imm 0 0 0 

10 1 0 4 0 0 4 0 0 4 0 0  10 
10 10 1- laam cam (0 

ass as 1400 1400 11100 as 
0 

moo 
0 
0 

a70 
0 
0 
0 
0 
0 
0 
0 
0 

omm 
0 

16624 
0 
0 

4mm 
0 
0 

SEaa 
0 
0 
0 
0 
0 
0 

0 0 
0 moo 
0 0 
0 0 
o o a m  

0 
OT I mm 
U F C  0 
Onrr 0 
Olr 0 
am o 
Olr 0 
U1 0 
U 0 
W 0 
*r 0 

33 WW: u w K i  f a  0 
34 IW *ol- W - A  1- 
35 NcAU NO!*- C H - 0  0 

32 
P 
P 
P 
P 
31 
I 
5a 
n 
n 
n 
n 
31 
P 
n 

asa 
aa 
ass 
252 
as1 
as 3 
as3 
as 3 
a 3 
15 3 
a 3 
x a  
a 3 
a r 
a 3  
a 3 
aa 7 
a 7 
a 7  
n 7 
aa 7 
n t  
a 7  
&a 7 
aa 7 
?a 7 
a 7 
aa 7 
a 7  
n 7 
as 
n 7 
l a 0  
I 16  
160 
I 6 1  
160 
160 
Ian 
160 
la. 
181 
100 
l a6  
I 60  
111 
18s 
160 
P 7 
P ?  
av 
P 7  
P 7 
217 
P 7 
P 7 
'a7 
Pr 
a 7  
a 7  
P 7  
a27 
217 
'a7 
33 
33 
33 
I )  
33 
33 
33 
33 
30 
n 
n 
38 
n 
n 
n 
n 
n 
n 
a8 

W 
W 
W 
m 
H 
C H -  A 
cw-I  
cn - c  
CR-A 
cw-. 
OI 
CR-C 
am 
am 
am 
am 
W 
W 
W 
m 
H 
CH-A 
CIP- 8 
CR-C 
CR-A 
C R - I  
m 
cw-c 

rmo 
lam 

3mY 
0 

0 
0 
0 

3YOD 
0 
0 
0 
0 
0 
0 
0 

saoom 
0 
0 
0 

sum 
0 
0 
0 

1- 
0 
0 
0 
0 
0 

n w t m n & a m  
74 w uml- Om 
n uw ua- am 
n w r r u m l ~ ~ a m  
n w r v r m r t  w 
m w r u & c u r t  IM 
4 W W I r n I W  
a - m n ,  m 
m - vwrpr H 
m - w c m A  
m - uwlv cw-s 
M - CH-C 
M --A 
m - CR-. 
n u m u m  or 
I * - w  tR-c 
m u m n -  OL. 
oo OmmY 
m m u  
'a - 
9 3 -  
m aau 
-a maw 
O N u L w  
97 my.l 
O N- 
0 s -  

im nucw 
lo( - 
102 W U M  
Im mu 
101 n m  
1M mYI 
IQ T Y W  
I07 IIU 
1 0  NUDI 
101 my( 
110 TNll 
I11 mYI 
Ira F Y L ~  
I13 M R U I  
I14 FYTYT 
11s m a u l  
11s FYTYT 
117 PARAW 
110 FMLWf 
119 M R Y I  
I W  F Y L m  
In w a n  
1 P  F M w r  
la m a u l  
124 FYLYT 
IX m a n  
I1 *MEW 
In m a w r  
la FYTwr 
1 1  MRYI 
I30 FMLMl 

0 
0 
0 

lmm 
lmm 
lomo 
13m 

0 

anr 
In 
W 
IM 
m 
m 
cn -A  
w -. 
CR-C 
-1 
w-. 
or 
CCC-2 
Olr 

o nmsa 
0 0 
0 0 



I APPENDIX G 

I - 
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 1 and for Type A market 

I 
structure. Detailed outputs for all the periods of all the days are similar to this sample output. 


