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1. Introduction 

Given the development of power grids underway in all energy systems within the Unified 
Power System of Central Asia (UPS CA), conditions have been created urgently calling for a 
revision of the existing Transit Methodology. 

The main reason for such a revision is that with the emergence of multi-circular schemes, the 
methodology principles for determining transit routes has stopped working. An attempt to 
have the existing transit methodology modified by a UPS CA working group was not 
productive. 

The Coordination Power Council of Central Asia (CPC CA) authorized the Coordination 
Dispatch Centre Energiya (CDC Energiya) to develop a new methodology to mainstream 
global practices. With the assistance from INOGATE, a review was made of the European 
cross-border power exchange model and the CPC CA decided to adapt it to the operating 
settings within the UPS CA. 

This new approach is presented in this draft report which was prepared under the Fellowship 
Programme of the Energy Charter Secretariat (ECS). This study is conducted in accordance 
with item B2 of the Energy Charter’s Programme of Work 2013. 

1.1. Scope of Work 

This report reviews both existing and proposed approaches to electricity transit. Their 
stocktaking resulted in the selection of the ITC-model used by the European Association of 
Transmission System Operators (inter-TSO compensation for transit) as the most appropriate 
for being adapted to the UPS CA operating environment. 

An ITC-model has been developed for the existing UPS CA pattern, allowing for any 
complexity of configuration, including those involving new connections. The ITC-model 
calculations have been compared with UPS CA actuals for 2012, displaying a high degree of 
coincidence and giving rise to a recommendation that the model so developed be applied in 
UPS CA practices. 
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2. Information on National Energy Systems in Central Asia 

2.1. Open Joint Stock Holding Company Barki Tochik 

Open Joint Stock Holding Company Barki Tochik is the national energy company of the 
Republic of Tajikistan , located in Dushanbe, its capital. 

Prior to August 27, 1991, the company assets were under the USSR jurisdiction. In August 
1991, the Company was brought under the jurisdiction of the Republic of Tajikistan . The 
company and its assets are the national property of the Republic of Tajikistan . 

The key tasks of Barki Tochik include electricity and heat generation, transmission, 
distribution and sales at the local market in Tajikistan . It is also engaged in operating power 
stations and grids in the Republic, as well as generation, transmission, distribution and 
marketing of electricity and heat in the country. 

2.2. KEGOC - Operator of the Kazakhstan United Power System 

Kazakhstan Electricity Grid Operating Company (KEGOC) is the system operator of the 
United Power System in Kazakhstan (UESK). The Company balance sheet includes 310 
power lines with voltages ranging from 0.4 to 1150 kV and a total length of 24500 km, and 74 
electrical substations with an installed transformer capacity of 33.6 GVA. The Company is a 
natural monopoly electricity transmitter between regional grids in Kazakhstan and power 
grids in the neighbouring countries. It is a part of the State Holding “Samruk-Kazyna”. 

The full name of the Company in English is Kazakhstan Electricity Grid Operating Company 
(KEGOC) and its head office is located in Astana. 

2.3. State Joint Stock Company Uzbekenergo 

The State Joint Stock Company Uzbekenergo is a vertically integrated corporation comprising 
generators, transmission infrastructure, retailers, and energy construction, repairs and services 
companies. 

Uzbekenergo supplies centralized power to corporate and household users, as well as heat to 
the industry and utilities in selected cities in Uzbekistan. Power sources include 39 power 
stations. Their installed capacity totals 12.5 million kW. Natural gas and coal-fired thermal 
stations are the predominant type, with the remaining capacity represented by small and 
medium-sized hydros. 

The aggregate length of 0.4 to 500 kV power grids is over 234000 km and there are 1673 
substations operating at voltages of 35 kV and higher with a total transformer capacity of 
more than 40 million kVA, and 67574 transformer sites with voltage ratings from 0.4 to 10 
kV with a total capacity of some 22.5 million kVA. 

Electricity transmission from generating sources to distributers and retailers is made by 
Uzelectroset through some 10000 km-long main grids at 110 to 500 kV. Installed at the 
Company’s substations are transformers with a total capacity of 20 million kVA. 
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2.4. OJSC Kyrgyzstan National Power Grid 

Open Joint Stock Company “Kyrgyzstan National Power Grid” is a legal successor to JSC 
“Kyrgyzenergo” in terms of rights and obligations relating to electricity transmission through 
high-voltage grids from generators to distributors and large industrial users. Its assets include 
110 to 500 kV power lines and substations that constitute the National Power Grid. 

OJSC Kyrgyzstan National Power Grid has been designated a commercial electricity and 
power operator in Central Asia and a dispatch operator of power sector facilities in the 
Kyrgyz Republic. 

The Kyrgyzstan energy system operates in parallel with the energy systems in Central Asia 
and is an integral part of the United Power System of Central Asia. Round-the-clock 
operations of power stations and grids in the Kyrgyz energy system and dealings with other 
energy systems are the responsibility of a Central Dispatch Service within OJSC Kyrgyzstan 
National Power Grid. 
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Figure 1. Schematic map of 220 to 500 kV main power grids of the United Power System of Central Asia. 

 

 



8 

2.5. Energy Cooperation 

In Soviet times, the energy systems in Central Asian Republics were designed to make the 
most of existing fuel and energy resources and seasonal power exchanges between countries. 
Within the regional United Power System, thermal power stations in Kazakhstan, 
Turkmenistan and Uzbekistan were interconnected with hydros in Tajikistan  and Kyrgyzstan, 
allowing the latter two countries to export electricity in summer when their hydro power 
systems operated at peak load and import electricity in winter when electricity was in short 
supply.  Hydro water discharge operations in Tajikistan  and Kyrgyzstan were prioritized to 
meet the irrigation needs of the downstream countries. 

Electrical operations of the energy systems were governed by the said power sector/irrigation 
interface. Everything was planned in advance. In terms of electricity, this was served by 
power generation and consumption plans for each power sector entity (each energy system, 
regional load centres, power stations, power grid companies, etc.). Such plans were monitored 
and had to be strictly complied with. Power trading took place not only between Republics’ 
energy systems as a whole but also between individual load centres at varied tariffs – not 
those that were agreed upon but set from above. 

In line with a Republic's energy system planning, dispatch plans were drawn not only for 
power stations but also for inter-system flows, with all such planning intended to |streamline 
the operations of pooled entities as a whole. Trading volumes were based on process flows 
between energy systems. 

The foregoing is illustrated by the table below which shows that in addition to the Republics' 
main energy systems there were individual load centres that had to buy power from 
neighbouring energy systems because such centres did not have direct links to the main 
system. 
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Table 1. Power interchanges between the UPS CA Republics in 1990. 
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After they became independent in 1991, Central Asian countries embarked on a course 
towards energy self-sufficiency. With higher energy prices, counties endowed with fossil 
fuels made more on fuel exports from the region. As a result, the established energy 
interchanges collapsed. The break-up of the unified banking system and introduction of 
national currencies called for barter energy transactions at the initial stage of economic 
reform. 

As a consequence, the notion of “commercial interchanges” was introduced instead of 
“process interchanges”, with the former denoting the balancing of process interchanges. 
Calculation of such commercial interchanges became the responsibility of the Central Asian 
Unified Dispatch Office (currently, the Coordination Dispatch Centre Energiya). As a result, 
power trading dropped from 25 GWh in 1990 to 2.3 GWh in 2010. One should clearly 
understand that such reductions were primarily caused by a shift to the new calculation 
methodology (from “process” to “commercial” interchanges). On a parallel track, inter-State 
electricity trading was decreasing for the aforementioned “self-balancing” reasons. The 
development of such trading is shown in the tables below. 
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Table 2. Power interchanges within the UPS CA in 2000-2010. 

In turn, this led to more frequent unproductive discharges of water in summer in Tajikistan  
due to low demand for electricity and limited capacity of reservoirs while Tajikistan  and 
Kyrgyzstan experienced power shortages in winter. Such situations are vividly exemplified by 
wintertime power shortages during low-water years, especially in 2007 and 2008. 

With lower power interchanges combined with reduced supplies of minerals, Tajikistan  and 
Kyrgyzstan had to switch their respective hydros over from an irrigation mode over to an 
energy mode with predominant electricity generation in winter. Given that water is needed for 
irrigation purposes in summer, problems emerged in regard of reservoir operations. This 
resulted in a situation where some countries are using organic fuels to generate electricity 
instead of importing it from their neighbours' renewable hydros on a mutually advantageous 
basis. 

The shift from process to commercial power interchanges has called for the introduction of a 
new notion, “electricity transit”. The independently operating United Power System of 
Central Asia had to come up in no time with a methodology to determine the scope of service 
required to transit electricity. Such transit methodology, which is still in effect, has played a 
significant role in regularizing relationships between energy systems but it is not free from 
flaws that, as experience shows, has created challenges in implementing power interchanges 
through third country grids. In particular, the methodology requires obtaining authorizations 
for electricity transit, which sometimes involves linkages with other unrelated problems. As a 
result, situations have emerged where the already existing agreements were not operational. 
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For example, such transit-related difficulties caused the Turkmen energy system to break 
away from the UPS CA to operate with the Iranian power grid. 

At the present time, the includes the energy systems of Southern Kazakhstan, Kyrgyzstan and 
Uzbekistan that operate in parallel with the United Power System of Russia and the CIS. 

Since December 1, 2009, the power hungry energy system in Tajikistan  has been operating 
independently because of power and electricity balancing problems, except for individual 
areas in Northern Tajikistan  which get electricity from the Kyrgyzstan energy system. During 
2012, a part of Southern Kyrgyzstan around Sulukta received electricity from the isolated 
segment of the Tajikistan  energy system. 

Some non-generating parts of the Afghanistan power grid operate with the UPS CA on the so 
called “island” basis, connected to the energy systems of Uzbekistan, Tajikistan  and 
Turkmenistan, respectively. 

2.6. Energy Cooperation Prospects 

Kyrgyzstan and Tajikistan  are the two Central Asian countries that account for one of the 
world's largest environmentally clean hydro resources in the form of water that comes down 
from mountain ranges in summer, filling riverbeds. 

Both countries have excess electricity in summer. In nearby South Asia, Afghanistan and 
Pakistan are suffering from power shortages while attempting to meet their rapidly growing 
demand. Pakistan is no position to meet its population's power supply demand, especially 
during hot summers, with frequent blackouts sweeping millions of people. 

Both nations have launched the initiative of building a new power line system to interconnect 
the four countries. Designers believe that this project, known as CASA-1000, will enable the 
most efficient utilization of the environmentally clean hydro resources in Central Asian 
countries, giving them the opportunity to transmit and sell summer-time excess power to 
power hungry countries in South Asia. The CASA-1000 project is expected to improve 
relations among countries seeking a better access to electricity, as well as to achieve market 
integration and development in order to advance trade. 

The project will also help to find sustainable water management solutions as it provides for 
power supplies to South Asia only in summer when Central Asian countries reach peak water 
consumption. 

The intent of CASA-1000 is to ensure sustainable uses of natural hydro resources and export 
summer-time excess power from Kyrgyzstan and Tajikistan  to Pakistan and Afghanistan. 
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Figure 2. CASA-1000 power line schematic 

It is assumed that following the completion of the project up to 1000 MW power will be 
supplied through high-voltage power lines from Kyrgyzstan to Tajikistan  (477 km) and then 
on to Afghanistan and Pakistan (another 750 km). The entire generation infrastructure needed 
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for CASA-1000 is already in place: Central Asian countries have enough excess electricity in 
summer to load such power lines, even with no new generating capacities commissioned. 

Project developers believe that required for project implementation are: 

 a 500 kV power line from the Datka Substation to the Khudjant Substation (477 km); 
 a substation in Sangtuda to convert alternate current to direct current with a 1300 MW 

throughput capacity; 
 a 750 km-long DC power line from the Sangtuda Hydro to Kabul and Peshawar; 
 a conversion substation in Kabul with a 300 MW throughput capacity (to enable 

electricity imports and exports); 
 a DC to AC conversion substation in Peshawar with a 1300 MW throughput. 

Despite its attractiveness, the CASA-1000 Project is relatively hard to promote. The key 
reason is that regional projects of such magnitude affect the entire Central and South Asia 
region besides project participants. The developers offer a project design that does not meet 
the N-1 reliability concept, urgently requiring that the necessary emergency controls be 
developed to prevent a waterfall emergency scenario should the interconnection between 
Central and South Asia fail. 

There are other proposals as well. For example, a study conducted by Fichtner suggest that, 
instead of direct current supplies envisioned by CASA-1000, a large-scale power grid 
development project in Afghanistan with UPS CA-synchronous operations be pursued by 
constructing 500 kV power lines and a direct current link on the border with the Pakistani 
energy system. 

As the CDC Energiya sees it, no matter what proposals for the advancement of regional trade 
are on the table, the general requirement is that a more detailed technical analysis be made of 
how the UPS CA-constituent power grids would co-operate with the energy systems in 
Afghanistan and Pakistan. 
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3. UPS CA Governance Structure 

3.1. Coordination Power Council of Central Asia 

The Coordination Power Council of Central Asia (CPC CA) is a deliberative body to 
coordinate parallel operations of Central Asian power grids and ensure integrated uses of fuel 
and energy resources, as well as coherent actions aimed at assuring compliance with 
intergovernmental agreements and bilateral and multilateral contracts entered into between 
business entities in the energy sector. 

The CPC CA is headed by the Chairman who is selected by CPC CA members from among 
them for a term of one (1) year by rotation in alphabetic order. 

The seat of the CPC CA is the legal address of the energy system whose CEO is currently the 
Chairman of the CPC CA. 

The membership of the CPC CA is as follows: 

 JSC Kazakhstan Electricity Grid Operating Company (KEGOC) 
 State Joint Stock Company Uzbekenergo; 
 Open Joint Stock Company Kyrgyzstan National Power Grid; and 
 Open Joint Stock Holding Company Barki Tochik 

The functions of the CPC CA are as follows: 

1. determine agreed operating concepts for Central Asian energy systems; 
2. adopt mutually agreed decisions and rules to ensure cost-effective, mutually 

advantageous and reliable operations of Central Asian energy systems; 
3. develop proposals for coordinated strategies to advance the power sector in Central 

Asia;  
4. develop agreed proposals for sustainable uses of water and energy resources in Central 

Asia; 
5. adopt decisions to use a single set of codes for parallel operations of Central Asian 

energy systems; 
6. approve and amend the regulations on the CPC CA Coordination Commission and on 

the Coordination Power Council of Central Asia; 
7. approve and amend the Regulation on the CPC CA Observer Status; 
8. establish documents governing the activities of the CPC CA, the CPC CA 

Coordination Commission, other commissions and working groups these may choose 
to set up; 

9. approve methodologies, rules, instructions, regulations and other documents governing 
interaction among participating entities of the CPC CA in parallel operations of 
Central Asian power grids, integrated uses of fuel and energy resources and 
implementation of agreed actions to ensure compliance with intergovernmental 
agreements and contracts entered into by business entities. 

The operations and dispatch body of the CPC CA is the Coordination and Dispatch Centre 
“Energy” (the “CDC Energiya”) legally organized as a non-profit institution. 
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3.2. Coordination Dispatch Centre “Energiya” 

In 1960, an entity called “Unified Dispatch Office for Central Asia” (UDOCA) was 
established in Tashkent to manage the operational regimes of the United Power System of 
Central Asia. This entity reported directly to, and was centrally funded by, the USSR Energy 
and Electrification Ministry. The UDOCA was responsible for business continuity and 
process control of power grids in Uzbekistan, Kazakhstan, Kirgizia, Tajikistan  and 
Turkmenia.  

Following break-up of the Soviet Union, the leaders of such countries' power grids, mindful 
of the existence of an operating United Power System within Central Asia, concluded an 
Agreement on Parallel Operations of the Energy Systems of the Republic of Uzbekistan, the 
Republic of Kyrgyzstan, the Republic of Tajikistan , Turkmenistan and Kazakhstan (dated 
November 11, 1991) and established a Unified Dispatch Office for Central Asian Energy 
Systems. Office was registered with the Mirzo-Ulugbek District Khokimiyat in Tashkent on 
September 28, 1993 as an entity for operational management and process control of the 
Central Asian Energy System, i.e. it had the status of a public sector entity of the Republic of 
Uzbekistan. In 1994, it was renamed as Unified Dispatch Centre (UDC) “Energiya”. The 
Council of the United Power System of Central Asia was designated the governing body for 
management and coordination of parallel operations of the United Power System of Central 
Asia. 

The energy sectors in the states that founded the UDC “Energiya” were under reform, with 
energy and electrification ministries disbanded and replaced with new industry entities. 
Therefore, the UPS CA Council decided to bring its own status into conformity with that of 
the UDC “Energiya” with the latter to become a non-governmental institution, taking into 
account the regional scale of its operations. 

Based on the Intergovernmental Agreement among the Government of the Republic of 
Kazakhstan, the Government of the Kyrgyz Republic, the Government of the Republic of 
Tajikistan  and the Government of the Republic of Uzbekistan on Parallel Operations of 
Energy Systems of Central Asian States (done in Bishkek on June 17, 1999), the energy 
systems of Central Asian countries entered into an Agreement of Coordinated Relations 
among Central Asian Energy Systems in the Energy Sector on October 27, 2004. 

In accordance with Article 1 of the Agreement, the Coordination Power Council of Central 
Asia (CPC CA) was established as a deliberative body of the energy systems to replace the 
UPS CA Council for the purpose of coordinating parallel operations of the Central Asian 
energy systems, ensuring integrated uses of fuel and energy resources and implementing 
coherent actions to assure compliance with intergovernmental agreements and bilateral and 
multilateral contracts entered into between business entities in the power sector. 

At the 29 September 2006 meeting of the CPC CA, its members approved the Foundation 
Agreement on the Establishment and Operations of Non-State, Non-Commercial Entity, the 
Coordination Dispatch Centre Energiya mandated with ensuring parallel operations and 
coordinating the operations and dispatch of Central Asian energy systems. 

The CDC Energiya reports to the Coordination Power Council, its superior governing body. 
Pursuant to its Charter, the Centre operates within the territories of its members, i.e. in 
accordance with the Law on Non-State Non-Commercial Entities, Article 14, it has the status 
of an international organization. 
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The foundation documents of the CDC Energiya were registered on 28 May 2007 with the 
Justice Ministry of the Republic of Uzbekistan and effective 1 July 2007 the Centre emerged 
as a legal entity. 

Pursuant to its Charter, the CDC Energiya pursues the following tasks: 

  coordinate operations and processes taking place within the energy systems and facilities 
that are part of the UPS CA and the Southern component of the Kazakhstan UES; 

 establish the settings for parallel operations of energy systems and facilities; plan process 
flows for the United Power System of Central Asia and the Southern component of the 
Kazakhstan UES; 

  coordinate actions taken by operations personnel of operational control and dispatch 
bodies in responding to inter-system emergencies and disturbanies in the United Power 
System of Central Asia and the Southern component of the Kazakhstan UES;  

 participate in the development of major lines of business and forward-looking plans for 
the United Power System of Central Asia and the Southern component of the Kazakhstan 
UES, expert reviews and approval of engineering solutions for inter-system relay 
protection and automation facilities and devices; 

 provide the energy systems with operational information and reporting on power 
interchanges and load balancing; 

 develop recommendations to optimize uses of fuel and hydropower resources, taking into 
account the power sector needs and submit such recommendations to the Coordination 
Power Council for review. 

The subject-matter of CDC Energiya includes the following: 

 in cooperation with UPS CA energy systems, quantify electricity interchanges, 
recommend their specific values for the purpose of executing contracts/agreements for 
power supply and provide frequency control services; 

 participate in an expert review of contracts/agreements for electricity interchanges and 
provide opinions on their feasibility; 

 coordinate forward-looking and on-going electricity interchange schedules developed for 
power grids within the UPS CA; 

 align operating modes of the UPS CA main power grid as developed and implemented by 
energy systems; 

 coordinate, on a continuous basis, the operations and dispatch in electricity generations 
and transmission based on existing interchange schedules and ensure reliable and cost-
efficient operations of UPS CA energy systems; 

 taking account of the current and future electricity interchanges, coordinate the switching 
off for repairs or to a standby mode of main equipment at power stations, substations and 
power grids under operational control by the CDC Energiya, as well as their relay 
protections and automation, and communications channels; 

 ensure operations and dispatch discipline in the UPS CA without diminished reliability 
and sustainability of the main power grid, or unreasonable changes in contracted 
electricity interchanges or damage to the energy systems; 

 take charge of responding to intersystem emergencies or disturbances of UPS CA 
operations or natural disasters; 

 participate in investigating intersystem emergencies; 
 participate in investigating disturbances of operating modes of the UPS CA and the 

Southern component of the Kazakhstan UES and in developing measures to enhance the 
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reliability of parallel operations; provide information on intersystem emergencies and 
operating mode disturbances to the power systems concerned; 

 taking into account relevant department and entity requirements, coordinate the use of 
hydro resources of cascade and individual power stations in accordance with scheduled 
water releases; 

 in cooperation with concerned power systems and National Dispatch Centre of the 
Kazakhstan UES, participate in developing and approving co-operations process flow 
charts and modes for the UPS CA, Kazakhstan UES, and UES Russia; ensure 
implementation of such flow charts and modes in accordance with executed 
contracts/agreements for electricity interchanges; 

 determine admissible flows through UPS CA interconnections; 
 endorse relay protection and automation flow charts; approve and issue settings for relay 

protections and automation placed under operational control of CDC Energiya; 
 provide opinions on major areas and guidelines for emergency control and frequency and 

capacity control in UPS CA power grids; 
 approve task orders developed by UPS CA energy systems for flow charts concerning 

their own development and that of the UPS CA, and major intersystem facilities, and 
participate in expert reviews of projects; 

 align collection, processing and distribution of operating data and statistics in UPS CA 
energy systems; 

 coordinate implementation and operations of automated dispatch control systems, 
information collection and processing systems, and commercial electricity flow 
accounting systems; 

 ensure oversight of interconnection electricity flow measurements and accounting; 
 provide the power systems with reports on balance power flows and services involving 

control of power/frequency and electricity transit which provide the basis for mutual 
settlements between energy systems; 

 approve flow charts and plans for the commissioning of new systemic power facilities, as 
well as in-system test programmes. 

3.3. Electricity Transit 

There are numerous interpretations of the definition of electricity transit but no single, 
generally accepted definition as such. 

In particular, the Energy Charter Treaty offers the following definition of transit: 

The term “Transit” can be defined as covering the transport of goods from a country, through 
at least one other country, to a third country. In the case of transit of energy - for example, 
flows of oil, natural gas or electricity across national boundaries via pipelines or grids - there 
are two sets of rules that may apply:  

 Firstly, those contained in international agreements between the states involved and in 
customary international law; 

 And secondly, those contained in private commercial contracts between market 
participants, including governments and state companies. 

This definition is consonant with the definition of transit in the Agreement on Electricity and 
Power Transit among the Member States of the Commonwealth of Independent States dated 
January 25, 2000. 
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Transit of electricity and power shall mean: 

a) Transmission, via the territory of the Party through its power grids, of electricity and 
power generated within the territory of another State and destined to the territory of a 
third State, provided that either such other State or such third State are State Parties to 
this Agreement; 

b) Transmission of electricity or power between two points of one Party via the territory of 
another Party through its power grids. 

In regard of Central Asian power grids such definitions are not quite accurate. The reference 
that electricity and power transit is the transmission of electricity via the territory of one State 
to the territory of another State is not quite correct. For example, one 500 kV power line, L-
503 SDTES – Uzbekistanskaya Substation, which goes through the territory of Tajikistan , is 
on the books of the Uzbek power system. This indicates that the above definition of electricity 
transit is not relevant to the UPS CA. 

For this reason Uzbekistan, Azerbaijan and Turkmenistan did not sign the Agreement. 
Moreover, as may be seen from its comment on the document, Uzbekistan believes that transit 
agreements must be entered on a bilateral basis. 

The definition of transit adopted in the Methodology for Transit Calculations in the UPS CA 
and Southern Kazakhstan appears to be more appropriate from this perspective. 

The Methodology defines electricity transit as follows: 

a) Transmission, through the power grid of the Party, of electricity generated by one 
business entity and intended for another business entity; 

b) Transmission, through the power grid of the Party, of electricity generated by another 
Party and intended for such other Party unless both Parties agree otherwise. 

A similar definition is used in the draft Methodology for Calculating Fees for Electricity 
Transmission and Transit Services within the Power Pool of the CIS Member States that was 
never been adopted. 

Electricity transit shall mean: 

 a service involving transmission, through the national power grids of the State under 
existing power agreements, of electricity generated within the territory of another State 
and consumed within the territory of a third State; 

 a service involving transmission, through the national power grids of the State between 
two points on the power grids of another State under existing power agreements, of 
electricity generated and consumed within the territory of such other State 

3.3.1 Role of Electricity Transit in Ensuring Parallel Operations of Energy Systems 

The difficulty and sometimes complete infeasibility to resolve transit and process 
interchanges of electricity solely on a bilateral basis are that contracting parties approach the 
definitions of technical and economic terms differently already at the initial stage of their 
relationship. 

Given that this involves corresponding financial and economic relationships, there may be 
manifestations of “heavy-handed” influence by some partners on others in contracting for 
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transit of electricity or such contracts may be renegotiated causing damage to prospective 
partners. 

The fact that the Turkmenistan power system discontinued parallel operations with the UPS 
CA in 2003 serves as a vivid example of what unresolved transit issues may cause. The 
Turkmen power system intended to sell electricity to Tajikistan  and Kazakhstan using Uzbek 
power grids and successfully did so from 1996 to 2002 (i.e. in 2001, over 1 billion kWh was 
supplied to Tajikistan  from Turkmenistan through Uzbekistan's grids, and both the Turkmen 
and the Uzbek power systems benefited a lot from such operations). However, in the 
following years Uzbekistan did not allow such transit for various reasons, causing the 
Turkmen power system to stop operating in parallel due to the potential loss of profit. 

Similar problems with transit occur in other regions and power pools as well. For example, 
the Republic of Belarus would like to buy electricity from Kazakhstan or other Central Asian 
power systems but to date there has been no international legal or regulatory framework to 
govern the contracting for transit of such electricity through Russia and no approval has been 
given for such transit either. 

The resolution of this issue is not only a precondition for the emergence of a power market in 
the CIS but will also help ensure connecting to parallel operations with the CIS power pool 
such other power systems as Iran, Pakistan, India, etc. 

It should be noted that the documents developed under the auspices of the CIS Electric Power 
Council Executive Committee alone offer five definitions of “balance power flow” and six 
definitions of “electricity transit” which could be found in existing and future regulatory 
documents. Naturally, the lack of agreement on the subject prevents the CIS from coming up 
with a single approach to determining electricity transit volumes or transit tariffs, which will, 
of course, hamper the development of a power market in the CIS. 

3.3.2 Transit Charges 

Another sensitive issue is that of transit charges. In 2001, an expert team of the CIS Electric 
Power Council Executive Committee drafted an Interim Regulation on Calculating Tariffs for 
Electricity and Power Transit through CIS Power Grids, which includes three transit tariff 
methodologies: 

– Version 1 (a simplified methodology): contracting parties agree on electricity transit 
volumes and transit tariff based on the cost value of electricity transmission and a transit 
profit margin. Payment for transit is a function of the electricity volume and tariff; 

– Version 2 (an adjusted model): Version 1 is adjusted to reflect a corrective grid 
utilization factor and transit distance; 

– Version 3 (a full model) incorporates the cost of transit dispatch, transit grid operation 
and maintenance and transit loss compensation. 

The Interim Regulation was endorsed by the CIS electric Power Council in June 2001 and 
recommended for use on a trial basis for negotiating bilateral and multilateral electricity 
transit agreements. 

The inclusion of dispatch in tariff can hardly be accepted. The dispatcher controls balance 
power flows and observes compliance with rated capability, which are his main 
responsibilities. While in transit, transit interchanges enter as a part of balance power flows 
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and capability ratings and do not result in a drastic increase in the dispatcher’s work load or 
that of the dispatch centre security, thus making not quite logical the requirement about any 
additional pay for dispatch. 

As experience shows, in the absence of a regulatory document there is virtually no way one 
can avoid a situation where one party exerts pressure on another in terms of transit pricing. 
For example, in 2011, the mass media carried a number of stories that Belarus demanded a 
5.5-fold increase in the price for transit of Russian electricity through its grid to Kaliningrad 
Oblast. According to the Belenergo Unified Dispatch Office, transit is priced on the basis of 
difference between losses under two regimes: with and without transit, i.e. it works similarly 
to the “loss compensation” arrangement used by some energy systems within the UPS CA. 
This approach does not give rise to the question about the actual volume and path of transit. 

Russia supplies electricity through Belarus, in particular to Lithuania, Latvia and Kaliningrad 
Oblast. Belarus believes that Russia is currently transiting electricity through its territory 
without authorisation. 

A similar incident happened on January 2008 when Belarus suspended Russian electricity 
imports, which were resumed only in March 2008. Until then, all electricity supplies were 
suspended as the parties negotiated the price. The gist of the problem can be traced from the 
following representation of interchanges between the power pools in the region. 

 

 
Figure 3. Interchanges on the date of actual measurements of flow (December 2010). 

Thick arrows indicate transit interchanges. 

In the case of loop flows IES Centre – IES South – Ukraine, the latter has not yet asked to pay 
for transit services. It looks like: 

 a swap scheme is in place there and there is little difference between the regimes with 
and without transit; or 
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 there are difficulties setting such regimes. 

Unfortunately, the work performed by the experts of the CIS EPC Executive Committee has 
been reduced to developing potential options to calculate transit tariff, while the key issues: 
“What is electricity transit and what part of transit must be paid for?” were left outside the 
scope of the expert and the working groups. For this particular reason the EPC-proposed year-
long testing of the Interim Regulations bore no fruit – the Executive Committee did not 
receive a single proposal and/or feedback regarding its practical application, i.e. the document 
proved to be unnecessary due to its incompleteness.  

3.3.3 Existing Challenges 

Parallel operations of two or more power systems inevitably give rise to cross-border flows. 
The majority of these are scheduled interchanges (contracts of sale, supplies under agreements 
between system operators, etc.). All such agreements are incorporated into the dispatch 
schedules of interconnected power systems. 

Nonetheless, even if no agreements have been executed for electricity supplies and 
interchanges caused by commercial supplies, some power flows are inevitable for certain 
reasons. 

One of the key challenges are unscheduled power flows. The difference between the actual 
volume of the flow through interconnections between power systems and the volume reflected 
in the dispatch schedule is considered an unscheduled flow. Moreover, chances that 
unscheduled flows will occur and ways to resolve them should be incorporated in the national 
regulatory framework. 

Efficient parallel operations of power systems require that standard operating procedures, 
regulations, operating rules and other codes governing, among other things, unscheduled 
flows. 

The operating framework of the UPS CA includes an agreement on compensation of costs 
relating to the supply of  “balancing power”. Thus, if there are specific agreements in place, 
then an unscheduled flow compensation agreement absolutely must contain references to such 
agreements. In the absence of such agreements, unscheduled flow compensation agreements 
must detail the terms and methodologies for calculating compensation depending on the 
reason that caused such unscheduled flows.  
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4. Overview of Transit Methodologies 

4.1. BRELL Draft Methodology Guidelines for Electricity Transit 
Through the Electrical Ring “Belarus – Russia – Estonia – Latvia – 
Lithuania” 

The Methodology Guidelines define «electricity transit» as the minimum value of import and 
export physical flows of electricity over the settlement period through all inter-State power 
lines interconnecting the balance-sheet block with other balance-sheet blocks. 

The following settlement blocks are distinguished between which final settlements are made 
for electricity transit: 

 the Russia block 
 the Belarus block 
 the Baltic block 

When settlements are made, the Russia block is subdivided into several balance-sheet blocks 
(Northwest, Central, Briansk and Kaliningrad power systems). 

Physical flows of electricity through all inter-State power lines interconnecting balance-sheet 
blocks are determined from the readings of commercial accounting meters that register actual 
flows of electricity through such power lines. In doing so, the flows are separated into imports 
and exports. 

A total compensation amount (euros) is determined for all balance-sheet blocks over the 
calendar month according to the following formula: 

С compensation = 
i

Трi * К * С1,  where 

Трi is transit of electricity of the balance-sheet block over the calendar month, determined on 
an accrual basis by adding hourly values of electricity transit (in thousands kWh); 

i  is the balance-sheet block index; 

К is the transit factor (to be determined in accordance with the multilateral electricity transit 
agreement entered into between settlement block parties (relative units); 

С1 is the flat price for electricity set for one year (to be determined in accordance with the the 
multilateral electricity transit agreement entered into between settlement block parties 
(€/thousand kWh; 

The amount to be paid by each balance-sheet block is proportionate to the share of such 
block's net power flow in the total value of the net power flows of all balance-sheet blocks 
and is determined by the following formula: 

Плi = (С compensation * CANFi) / 
i

CANFi, 
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CANFi is the net power flow of the balance-sheet block over the calendar month, determined 
on an accrual basis by adding  hourly values (in thousands kWh); 

The amount to be paid to each to each balance-sheet block (compensation) is determined in 
accordance with the quantity of transit by the following formula: 

Compi = Трi * К * С1 

Based on the calculations of the amount to be paid by each balance-sheet block and the 
amount of compensation payable to each balance-sheet block, the outcome values are 
determined. 

The outcome value for Balance-sheet Block i is determined by the following formula: 

Totali = Плi - Compi 

4.2. Draft Methodology for Calculating Tariff for Transit of Russian 
Electricity Through Belarus Power Grids 

This Methodology sets forth the principles for calculating tariff for the transit of Russian 
electricity through Belarus power grids. 

Used for the purpose of this Methodology are the following key terms and definitions thereof: 

Transmission Grid which includes the following: 

– 220 to 750 kV power lines; 
– 110 kV power lines that serve as the backbone of the power grid; 
– power lines crossing the state border of the Republic of Belarus; 
– transformer substations connected to power lines and process equipment located therein; 
– plant and equipment and process facilities intended for operation and maintenance of 

such power grid infrastructure; 
– controls of such power grid facilities.  

Transit of Electricity: 

– transmission of Russian electricity through the transmission network of the Republic of 
Belarus intended for the power system of a third State; 

– transmission of electricity between regional power grids of the UES Russia through the 
transmission network of the Republic of Belarus; 

Transit Losses mean incremental electricity losses in the transmission network of the 
Republic of Belarus in connection with transit of Russian electricity through the power 
system of the Republic of Belarus. 

4.2.1 Electricity Transit Pricing 

The volume of electricity transit is determined from the readings of the meters at inter-State 
power lines and separated from electricity transmitted under commercial supply contracts 

The price for electricity transit through the transmission network over the settlement period is 
calculated on the basis of the share of semi-fixed costs of maintaining and operating the 
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transmission network of the Republic of Belarus and the incremental losses of electricity 
incurred in the transmission network of the Republic of Belarus in connection with the transit 
of Russian electricity through the Belarus power grid. 

Semi-fixed costs relevant to the transit of Russian electricity are determined by the share of 
Russian electricity transit through the Belarus transmission network in the total volume of 
electricity transmitted through the Belarus transmission network: 

 

where:  

 - semi-fixed costs relating to the transit of Russian electricity; 

 - semi-fixed costs of maintaining and operating the Belarus transmission network; 

 - the volume of electricity fed into the transmission network of the Belarus power 

system to meet the needs of Belarus users; 

 - the volume of electricity transited through the Belarus transmission network; 

 - the volume of Russian electricity transit. 

The economical increment in the compensation for transit losses of electricity is determined 
on the basis of the percentage of losses in the Belarus transmission network over the 
settlement period and the price for electricity supplied from the Russian Federation to the 
Republic of Belarus in accordance with the guaranteed supply commercial contract by the 
following formula: 

 

where: 

П - percentage of electricity losses in the Belarus transmission network – to be assumed on 
the basis of data for the preceding settlements period; 

С - price for electricity supplied from the Russian Federation to the Republic of Belarus under 
the guaranteed supply contract; 

The price for transit of Russian electricity through Belarus power grids is determined by the 
following formula: 
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where:  

ИФ - the share of contributions to the Innovation Fund; 

H - allowance for tax; 

R - projected rate of return. 

This draft methodology did not meet with BRELL's support and was never implemented. 

4.3. Existing Methodology to Calculate Transit Volumes in the United 
Power System of Central Asia and Southern Kazakhstan 

The existing UPS CA methodology for electricity transit has played a significant role in the 
organization and implementation of transit flows in the UPS CA. The underlying concept of 
destinations with proportional factors applicable to the shoulders of the 500 kV Ring is 
notional and has been accepted as a compromise.  

The Methodology to Calculate Electricity Transit Volumes in the Central Asian 
Interconnected Energy System and Southern Kazakhstan (the      “Methodology”) is designed 
for determining destinations and volumes of electricity transited through UPS CA and 
Kazakhstan power grids, the price for services relating to electricity transit and their 
distributions between the parties to electricity transit. 

The existing Methodology is binding on all UPS CA electricity market players. All electricity 
transit contracts must be drawn on this Methodology. 

The «500 kV Ring of the UPS CA and Kazakhstan» (the «500 kV Ring») means the 1373.4 
km-long array of series 500 kV power lines located within three sovereign states (Kazakhstan, 
Kyrgyzstan and Uzbekistan) and adhering to uniform operating practices. 

The transit networks within the respective segments of the 500 kV Ring are owned by the 
following business entities: KEGOC, Kyrgyzenergo and Energy Ministry of the Republic of 
Uzbekistan (the entity names used at the time the Methodology was adopted). 

The Methodology distinguishes between the left-hand shoulder of the Ring, i.e. the section 
clockwise from the entry point, and its right-hand shoulder, i.e. the section anticlockwise from 
the entry point. The length of the shoulders is measured in kilometers on the path of the UPS 
CA&K 500 kV Ring. 

The owners of the transit grid enable, within their technological capability, free transit of 
electricity through their grids in accordance with existing agreements irrespective of 
electricity origin, destination and ownership. 

Each of the States' energy systems has the right to enter into agreements to supply electricity 
to third countries by transit through other States’ power grids provided there is power line 
reserve throughput capacity. 

Transmission of electricity through 500 kV Ring power lines by a party owning a part of the 
ring's grids for its own needs (i.e. from one part of the energy system to another) is free of 
charge (Methodology, Section 2.3). While in conflict with the above definitions of transit, this 
provision was adopted for the UPS CA 500 kV Ring. 
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In implementing intergovernmental agreements during the growing season, terms of payment 
for electricity transit through the 500 kV Ring must be incorporated in such agreements. 

The distribution of electricity transit flows through the 500 kV grids of the UPS CA and 
Kazakhstan is as follows: 

 

 

Odds regarding exit points on the ring 

Shymkent -500 Zhambyl -500 Frunze Syrdarya HPS 
Tashkent 
(left.) 

Toktogul 
(right) 

Tashkent 
(left.) 

Toktogul 
(right) 

Tashkent 
(left.) 

Toktogul 
(right) 

Lochin 
(left) 

Frunze 
(right) 

1. Turkmenistan - Kazakhstan         

1.1. Turkmenistan – Shymkent  1,0 0       

1.2. Turkmenistan – Zhambyl   1,0 0     

1.3. Turkmenistan – Almata      0,5 0,5   

2. Kyrgyzstan– Kazakhstan          

2.1. Kyrgyzstan – Shymkent  0,5 0,5       

2.2. Kyrgyzstan – Zhambyl    0 1,0     

2.3. Kyrgyzstan – Almata      0 1,0   

3. Tajikistan – Kazakhstan          

3.1. Tajikistan – Shymkent  1,0 0       

3.2. Tajikistan – Zhambyl    1,0 0     

3.3. Tajikistan – Almata      0,5 0,5   

4. Uzbekistan – Kazakhstan          

4.1. Uzbekistan – Shymkent  1,0 0       

4.2. Uzbekistan – Zhambyl    1,0 0     

4.3. Uzbekistan – Almata      0,5 0,5   

5. Kyrgyzstan – Tajikistan         

     (to the north of Tajikistan)       1,0 0 

Table 3 Distribution of electricity transit flows in the UPS CA and Sothern Kazakhstan by 500 kV 
grid 
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Figure 1. UPS CA transit route schematic. 
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In regard of each electricity supply contract, the parties (sellers and buyers) enter into separate 
agreements with other party-owners of transit grids if their grids are used for transit under 
such contracts. 

The Coordination Dispatch Centre “Energiya” approves electricity supplies through third-
party grids only if a transit contract is place between the parties. 

Electricity transit tariff for UPS CA 500 kV grids is set at 0.417 United States Cents (net of 
VAT) per 1 kWh per 1000 km of the conditionally dedicated transit network (this corresponds 
to a tariff of 0.5 cents with the then effective VAT at 20 percent). 

Pursuant to the Methodology, such electricity transit tariff includes the following: 

– in-transit losses of electricity; 
– transit costs associated with electricity transit services, including operating and dispatch 

expenses, depreciation charges, etc. 

This assumption was not substantiated with any calculations and was accepted by an agreed 
decision of the energy systems to avoid any additional tariff surcharges imposed by any 
energy system or regulator. 

CDC Energiya calculates and teletypes to the parties concerned monthly reports on electricity 
volumes transited through the networks of the party-owners of the UPS CA 500 kV grid 
covering all existing supply contracts until the 15th day of the month following the reporting 
month 

Such teletype messages about electricity volumes transited through the networks of the party-
owners of the UPS CA 500 kV grid covering all existing supply contracts over the settlement 
month are official documents for financial settlements between the parties for electricity 
transit services performed. 

4.4. ETSO's Existing ITC Model 

At the present time, ETSO (currently, ENTSO) applies the so-called ITC model (inter-TSO 
compensation for transit) designed for cross-border transit flows. Stemming from the ITC 
Agreement among the ENTSO countries, the model was introduced in 2002, with step-by-step 
improvements made to it every year. 

European TSOs voluntarily entered into the first Inter-TSO Compensation agreement in 2002. 
This first ITC agreement was essential in order to abolish transaction-based cross-border 
tariffs, and introduced an appropriate compensation mechanism for costs incurred as a result 
of cross-border flows. This basic principle has remained an important feature of all 
subsequently agreed mechanisms.  

However, significant market design progress has been achieved in the intervening period 
which has led ENTSO to revise the scope and underlying principles of the ITC mechanism. 
The congestion management guidelines are now facilitating the widespread application of 
market-based capacity allocation methods as well as stipulating requirements for the use of 
congestion revenues. The ENTSO ITC mechanism presented in this paper is tuned to 
accommodate for these particular market conditions. 
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Both complex and simple mechanisms have been investigated by ETSO. Complex models 
apply variables that are difficult to quantify and audit. Hence, ETSO clearly prefers a 
mechanism that is simple, transparent and easily quantifiable. 

TSO believes that the internal market for electricity has been and will continue to undergo 
significant market design improvements. Therefore, ETSO believes that the implementation 
of a binding ITC guideline should make provision for a robust monitoring and review process. 
This will allow for continued evolution and efficient application of the mechanism adopted. 

Consequently, the ENTSO mechanism as presented below is simple and transparent and 
endeavours to comply with the most advanced concepts for the improvement of the internal 
architecture of the power market. 

The ITC Agreement is a major step forward towards a single European market in electricity. 
Progress achieved includes the abolishment of individual fees both for transits and explicit 
fees for market actors (Export Fees). The model is based on a voluntary agreement and after 
several years of experience and improvement, it is widely accepted by the participants, which 
is a point in its favour.  

The model is transparent, i.e. clear for understanding and verifiable by the parties, which is 
very much in line with the relevant directive of the European Commission. As experience 
shows, it is sufficiently flexible for further evolution. The model is also transparent, i. e. it is 
understandable and can be checked by the participants. It is in line with and reflects the aims 
of the objectives of the relevant Directive and Regulation. It is also sufficiently flexible to be 
further. 

Efforts taken to check the results of the present model using more detailed models suggest 
that an unequivocal and doubtless solution does not exist. This is due to the physical 
properties of transmission systems and their independent development under different 
political and economic frameworks. 

This as two-step model which: 

1) calculates compensation for each TSO based on its share in the total “fund”. 

Network losses shall be compensated using the “with & without transit” (WWT) 
methodology. 

The WWT methodology is currently implemented as an integral part of ETSO's 2008-2009 
voluntary agreement for ITC. 

In principle, cost of losses approved by each regulator should be used as the basis for loss 
compensation. However, if the timing of the periodic regulatory approval does not coincide 
with the periodic ITC calculations, loss costs should be provided by the ITC party and audited 
by all other ITC parties.  

Compensation is based on regulated costs for assets and transmission losses on the 
“horizontal network” for each TSO, multiplied by a simple transit factor. 

2) finances the fund. 
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Financing is mainly claimed from the TSOs on a potential causation basis. A small part is 
covered by a fee on declared imports of electricity from neighbouring “perimeter countries” 
not party to the ITC Agreement. 

Listed below are some definitions used in the Model: 

Transit is defined as the hourly minimum of export and import for an ITC party, where export 
and import are the sums of physical flows (measured values) on all exporting lines and all 
importing lines respectively. The values are accumulated and reported each month. 

The model compensates (third party TSO) transmission systems for transit resulting in export 
from a first TSO area and import in a second area. It is assumed that the exporting and 
importing areas themselves derive sufficient benefits (from the trading transaction and from 
national grid tariffs) and do not require any extra compensation. 

The transit factor is the quotient of transit and transit plus consumption.  

It is calculated monthly where the consumption is taken as the official annual value of the 
national (or ITC area) consumption for the previous year (e. g. taken from official statistics or 
annual reports) divided by 12. 

Transit factor: 

, 

the ratio of a TSO's transit relative to the aggregated transit of all participating TSOs. 

The transit factor as defined above does not consider the size of transit relative to a TSO’s 
load. Hence, the transit should be corrected by a load factor which is calculated by the 
following formula: 

 

 

 

 

Then, the cost claim for an ITC party filed with the framework fund as fixed in the guideline 
(FF) is: 

Cost claim =  (0,75*TF + 0,25*LF) * FF 

The contribution is calculated using net flows. 

Based on the compensations and contributions, the distribution of the fixed framework fund 
can be determined. The annual results will change according to changes in flows. 

The final yearly settlement will take place on the ex post data when they are available. 
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The above definition of transit may appear simple but, as experience shows, this method is 
quite efficient. With ring cross-border flows, the existing model considers both adjacent 
parties to be transited (and compensated) while it is impossible to determine which of is 
actually transited. The definition of transit may appear to be simple but it has been shown to 
be practical. In the case of loop flows at a given border the present model assigns transit (and 
compensation) to both adjacent parties, as it is not possible to identify which party is hosting 
transit.  

In this respect definitions of transit and the transit key are not perfect accurate, but, when 
introducing current mechanism, the involved parties agreed that these definitions lead to 
reasonable, transparent and comprehensible results. 

Developments so far considered within ETSO have been to try to identify models where 
compensation of transit reflects increases and decreases of the prevailing flows in each 
element of the grid of the host TSO. Such analyses need to be based on more detailed data i.e. 
recorded situations and the models required are much more complex  

Investigations so far indicate that it is doubtful that an unequivocal solution exists. Moreover, 
although it implies some degree of simplification, the transit key method is still used, even in 
some complex models. 

The horizontal network (HN) is defined as the part of the overall transmission network, which 
potentially transports transits. 

A standardized auditable procedure for defining the horizontal networks is applied based on a 
single current method from electrical engineering. Grid elements in the overall transmission 
network are included if they transmit at least 1 MW in at least one of a series of DC load flow 
calculations performed on an empty network where 100 MW is injected in and extracted from 
each pair of tie-lines in turn. 

In general only voltage levels of 220 kV and above are included in the horizontal network. 
HVDC interconnectors are included if they are regarded as a part of the TSO grid, but 
merchant interconnectors are excluded. 

The horizontal network procedure as such is regarded as satisfactory. 

However, some smaller TSOs use sub 200 kV for transmission and therefore, in exceptional 
cases, these voltage levels are also included in the HN. 

Regulated costs are specified by each TSO individually and include costs for both assets and 
transmission losses. The specific values shall be the same as the costs accepted by the national 
regulators for the domestic transmission access tariffs. The total costs for the horizontal 
network will of course only represent a part of the costs for the entire network. 

The asset costs shall include costs for depreciation, yield, operation and maintenance, but 
exclude costs for ancillary services. 

The costing of assets and losses will have to comply with to the requirements in the relevant 
Directive and Regulation of the European Commission. The great variations in regulatory 
practice in Europe produce regulated costs, which vary significantly between countries. This 
has led to discontentment in countries with lower regulated costs at having to pay for transit at 
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higher rates. At the same time the argument for regulated costs is that there should be no 
discrimination between national and international (transit) grid users. 

For 2005 it was envisaged that the new EU regulations would apply and that the costing of the 
horizontal network and losses would be based on long-run average incremental costs 
(LRAIC) instead of on regulated values. However, ETSO’s attempts to define standard costs 
or to interpret LRAIC, using replacement costs for assets, have also shown high and widely 
diverging cost levels. Similar attempts to use regional market prices for losses have also 
proved difficult. 

The main challenge is to obtain from regulators and accounts auditors a more formal 
validation of asset and loss costs. 

4.4.1 Financing the Fund 

The Fund is financed by two components: 

 The injection fee for perimeter countries (countries bordering on the countries of the 
area) to the ITC agreement area. The fee is 1€/MWh based on the declared export from 
the perimeter country to the ITC area. It is extracted from players using the border 
interconnectors. 

 Payment for the use of network assets by ITC countries. This component, which 
finances the rest of the fund, is based on net flows between the ITC parties. The net flow 
is calculated from hourly physical (measured) values.  

For internal ITC parties, the hourly net flow is the absolute value of the total import flow 
minus the total export flow. 

For edge countries modified rules apply as described described below. 

4.4.2  Edge Country Transit Calculations 

Perimeter flows must be included in the edge country ITC1 calculations such that it may get 
compensation for any transit resulting from trade between other countries and perimeter 
countries (PC). 

In order to be able to take into account only transits arising in countries, perimeter flows must 
be excluded from the calculations of net flows for edge countries. 

It is agreed that the results should be lesser than those in net flow calculations incorporating 
perimeter flows. 

To do so, any component of the resultant transit in the same direction should be excluded. 

The foregoing is illustrated by eight simple examples showing different exchange models 
between an edge country (EC or ITC1), the remaining area (ITC), and the perimeter country, 
respectively. 

Shown for each example is the net flow adjusted in line with the foregoing. 
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 To determine a net flow (NF) in export direction (from border country ITC1 to country 
ITC), one must deduct from the export flow (from ITC1 to ITC): 

 the perimeter country contribution if it is an import one (from PC to ITC1) (Figure 
1); 

 zero if PC contribution is an export one (a flow from ITC1 to PC) (Figure 3.4); 

 If the net-flow (NF) in export direction is negative (i.e. there is net import instead of net 
export), then the NF is taken to be equal to zero (Figure 2): 

 

Simply stated: 

 For an ITC country, the net export flow (NEF) equals the sum of export flows 
from the country. 

 For edge country ITC1, the NEF equals the sum of export flows from the country 
except for exports to perimeter countries (PC). 

 To determine the net flow in import direction (from ITC to edge country ITC1), one 
should deduct from the import flow (from ITC to ITC1): 

 the PC contribution if it is an export one (from ITC1 to PC) (Figure 7); 
 zero if the PC contribution is an import one (from PC to ITC1) (Figure 5.6). 

 If the net flow (NF) in import direction is negative (i.e. there is export instead of 
import), then the NF is taken to be equal to zero (Figure 8). 

 
Simply stated: 

 For an ITC country, the net import flow (NIF) equals the sum of import flows into 
the country. 
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 For edge Country ITC1, the net import flow equals the sum of import flows into 
the country except for the imports from Perimeter Countries (PC).  

The basic idea is that the flows from perimeter countries are not counted in the net-flow 
calculation for the edge country if the edge country is a net importer from both the ITC are 
and the perimeter country, or if it is a net exporter to both. In other cases the net flow is set to 
zero if the net exchange with the perimeter country is greater than the net exchange with the 
ITC area. 

This second step of the model, payment with respect to causation, is a good compromise. It 
assumes that all physical net imports and exports can potentially cause transit for one or 
several other TSOs. It is not possible in a meshed network to unequivocally identify the 
responsibility for power flows based on physical principles only. Certain assumptions are 
always required. Other methods have been examined, but further analysis is necessary before 
any proposal can be made. 

Regardless of the chosen model, the treatment of perimeter countries presents some 
difficulties: 

 The existence of the injection fee for traders on declared imports was easily justifiable 
in 2002, when the same fee was applied both inside and at the borders of the scheme. 
But it is less easy for traders to understand subsequent to the removal of this fee 
internally. On the other hand, no injection fee would grant a “free ride” for users in 
perimeter countries thus discriminating against users within the ITC- area. Already the 1 
€ fee is lower than the average price per net flow within the scheme and some ITC 
Parties have declared that it would be economically advantageous for them to leave the 
ITC scheme and instead become a perimeter country. It is questionable however 
whether the Regulation allows for this possibility. 

 The assumption that export and import are equally responsible for transit costs does not 
fit with the non-symmetrical application of the perimeter fee. 

 The emergence of other ITC schemes (e.g. in South East Europe) bordering to the 
ETSO scheme creates additional categories of perimeter countries with resulting 
interface difficulties. 

4.4.3 An Example of Calculating ITC Model Cross-Border Flows 

Each party to the ITC Agreement provides information on the size of transit flows determined 
on an hourly basis and added up over the year. 

 

  
Transit 

volumes before 
correction 

Reducing 
the volume 
of transit * 

Transit 
volumes after 
correction    Ti 

Effect of 
transit loss 

Cost of 
losses (tariff 
prescribed 

by regulatory 
agencies 

regulating) 

Compens
ation for 
losses 

ITC-Party  (mWh)  (mWh)  (mWh) (mWh) (Euro/mWh) (mln.Euro) 
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Table 4. ITC Quantifications of ITC country transit flows. 

Transit flow sizes are determined for the so-called «horizontal network». 

Countries that trade in congested capacity and have already made some money on transit 
through such capacity have their transit flows adjusted by the value shown in the second 
column of the above table. 

Transit impact on losses is calculated to determine the amount of loss compensation. Losses 
are defined as the difference between losses incurred in two modes of the ITC Agreement: 
with and without transit. Calculations are made for specific periods and serve as the basis for 
arriving at loss increases/decreases on a daily, monthly and annual basis. Loss compensation 
is determined in monetary terms based on the internal tariff for “buying” losses set by the 
national regulatory authority. On the face of it, such practice seems unfair, but is basically in 
line with the European mentality to the effect that domestic market players should not have 
any preferences against outsiders and vice versa. 

Total loss compensations for all ITC Agreement countries stands at €124.918 million and, in 
combination with asset compensation, constitute the full amount of compensation for transit 

Albania / AL 203 361  0  203 361  -561  3 -0,002 

Austria / AT 13 136 035  0  13 136 035  163 921  58,97 9,666 

Belgium  / BE 7 646 003  0  7 646 003  62 115  51,23 3,182 

Bosnia / BA 4 374 374  0  4 374 374  56 351  35,89 2,022 

Bulgaria / BG 1 445 446  0  1 445 446  18 268  47,03 0,859 

Croatia / HR 6 832 822  0  6 832 822  52 011  60 3,121 

Czech Rep./ CZ 9 686 470  0  9 686 470  17 646  61,56 1,086 
Denmark / DK 7 002 457  0  7 002 457  107 053  57,77 6,184 
Finland / Fl 4 615 136  0  4 615 136  236 971  46,13 10,931 
France / FR 8 298 534  183 731  8 114 803  143 724  62,35 8,961 
Germany / DE 36 410 095  30 906  36 379 189  436 280  51,84 22,617 
UK/ 1 526 943  0  1 526 943  -17 420  52,18 -0,909 
Greece / GR 3 833 135  0  3 833 135  69 850  0 0,000 

Hungary / HU 7 951 179  0  7 951 179  39 703  52,74 2,094 

Ireland/ IE 8 713  0  8 713  -285  56,12 -0,016 

Italy / IT 1 075 829  190  1 075 639  -1 235  66,7 -0,082 

Estonia / EE 1 511 849  0  1 511 849  26 039  29,4 0,766 

Latvia / LV 2 022 791  0  2 022 791  20 476  53,93 1,104 

Lithuania / LT 1 347 036  0  1 347 036  7 533  49,58 0,373 

Luxemburg/LU 364  0  364  0  54,11 0,000 
Macedonia / MK 1 546 630  0  1 546 630  5 564  38,89 0,216 
Montenegro/ ME 1 794 187  0  1 794 187  12 544  47,75 0,599 
Netherlands / NL 10 785 632  0  10 785 632  35 194  55 1,936 
North Ireland / Nl 673 047  0  673 047  6 431  56,12 0,361 
Norway / NO 1 757 885  0  1 757 885  57 783  46,92 2,711 

Poland / PL 6 306 973  0  6 306 973  74 046  49,8 3,687 

Portugal / PT 2 264 459  0  2 264 459  10 291  46,6 0,480 
Romania / RO 2 241 160  0  2 241 160  -28 693  48,9 -1,403 

Serbia / RS 5 239 878  0  5 239 878  67 179  44,1 2,963 

Slovakia / SK 9 622 539  0  9 622 539  48 795  55,96 2,731 

Slovenia / SI 6 753 697  0  6 753 697  20 504  56,32 1,155 

Spain / ES 6 933 189  0  6 933 189  67 263  45,52 3,062 

Sweden / SE 12 444 421  0  12 444 421  283 885  56,32 15,988 
Switzerland / CH 27 197 605  8 66706  18 530 599  283 293  65,21 18,474 

TOTAL 214 489 872  8 88133  205 608 041  2 382 17    124,918 
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services, the so-called framework fund (FF) which is designed to offer additional 
compensation for existing network costs that may not be absorbed by the compensation 
element of the given model or revenues from congestion trading. 

Asset compensation was adopted for 2012 at €100 million by a “hard” compromise, as one 
document had it. The fact that such compromise did have place is seen from the following 
asset compensation statistics for the period from 2002 to 2011 (€ mln.) 

185 236 343 368 395 380 (2007)    205 (2011)   100 (2012) 

75% of the asset component is distributed among the parties in proportion to the so-called 
transit factors: 

, 

while the remaining 25%, per load factors that consider transit network loading with own 
flows. 

 

 

 

 

 

where Ti is transit through country i; 

∑Ti is the sum of all transit flows in ITC Agreement countries; 

Li - is the network's own load, i.e. «vertical load» which include takings for own use at all 
voltage levels under review. 

The results of corresponding calculations are shown in the following table. 
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Table 5. Calculation of compensation and contributions of ITC Agreement 
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So, in 2012 the Framework Fund stood at: 

124.918 + 100 = €224.918 million 

Who contributes money to the compensation fund? 

This amount is reimbursed  (see, the table below): 

– for the account of edge countries (Turkey, Russia, Ukraine, Morocco, etc.) which have 
power interchanges with ITC countries but are not parties to the Agreement (€20,356 
million); 

 
Table 6. Calculation of contributions to ITC 

– the remaining part (224.918 – 20.356 = €204.562 million), for the account of ITC 
Agreement party contributions which are distributed in accordance with the country's 
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share of aggregated export/import flows in total export/import flows of ITC Agreement 
countries. 

The following concepts are used in the table: 

Net import flow NIF(k) and net export flow NEF(k) use net flows to the country (imports) 
and out of the country (exports), instead of balance flows; 

Loss and asset contributions are a share of each country in total compensation for asset use 
and transit losses, which is, in turn, the difference between the ITC fund and perimeter 
country contributions already distributed among perimeter countries; 

Edge country contributions are net flows (imports plus exports) of an edge country, which 
took place between a perimeter country and an edge country multiplied by tariff at 0.8 
€/MWh adopted by inter-change countries for 2012 (at 1 €/MWh in the past); 

As has been mentioned, contributions to the ITC Fund (224.918) are the sum of two 
components: 

– loss compensation (124.918) which is the sum of values derived from WWT 
calculations, multiplied by corresponding losses established by each country's national 
regulator;  

– asset use compensation (100). 

The ITC Fund is reimbursed to ITC countries for the account of: 

– edge country contributions; 
– ITC country contributions: ITC country loss and asset compensation. 
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TOTAL 

Albania / AL 2,253 -0,002 0,079 0,000 0,077 -2,176 
Austria / AT 6,567 9,666 8,042 0,000 17,709 11,141 
Belgium  / BE 3,895 3,182 3,279 0,000 6,461 2,566 
Bosnia / BA 1,081 2,022 2,457 0,000 4,479 3,398 
Bulgaria / BG 5,052 0,859 0,571 0,644 0,786 -4,266 
Croatia / HR 4,792 3,121 3,819 0,000 6,939 2,147 
Czech Rep./ CZ 11,719 1,086 4,930 0,000 6,016 -5,702 
Denmark / DK 5,299 6,184 3,715 0,000 9,899 4,600 
Finland / Fl 3,478 10,931 1,914 8,599 4,246 0,769 
France / FR 37,705 8,961 3,059 0,000 12,020 -25,685 
Germany / DE 17,414 22,617 15,771 0,000 38,387 20,974 
UK/ 6,447 -0,909 0,562 0,000 -0,347 -6,794 
Greece / GR 0,960 0,000 1,575 0,297 1,278 0,317 
Hungary / HU 2,346 2,094 4,002 1,985 4,111 1,765 
Ireland/ IE 0,648 -0,016 0,003 0,000 -0,013 -0,661 
Italy / IT 30,857 -0,082 0,395 0,000 0,313 -30,544 
Estonia / EE 2,029 0,766 0,731 0,000 1,497 -0,532 
Latvia / LV 1,412 1,104 1,072 0,000 2,176 0,764 
Lithuania / LT 1,575 0,373 0,608 4,376 -3,394 -4,970 
Luxemburg/LU 2,846 0,000 0,000 0,000 0,000 -2,846 
Macedonia / MK 1,792 0,216 0,743 0,000 0,959 -0,833 
Montenegro/ ME 1,226 0,599 1,052 0,000 1,651 0,425 
Netherlands / NL 7,367 1,936 5,247 0,000 7,182 -0,184 
North Ireland / Nl 0,943 0,361 0,278 0,000 0,638 -0,305 
Norway / NO 14,087 2,711 0,665 0,159 3,217 -10,870 
Poland / PL 3,617 3,687 2,613 0,048 6,252 2,635 
Portugal / PT 4,082 0,480 0,911 0,000 1,390 -2,692 
Romania / RO 1,671 -1,403 0,910 0,118 -0,611 -2,282 
Serbia / RS 2,061 2,963 2,396 0,000 5,358 3,297 
Slovakia / SK 1,165 2,731 5,957 0,528 8,159 6,994 
Slovenia / SI 1,221 1,155 4,196 0,000 5,351 4,130 
Spain / ES 3,210 3,062 2,687 3,602 2,146 -1,064 
Sweden / SE 7,165 15,988 5,488 0,000 21,476 14,311 
Switzerland / CH 6,579 18,474 10,277 0,000 28,750 22,172 

TOTAL 204,562 124,918 100,000 20,356 204,562 0,000 

Table 7. The resulting table 
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After all calculations are completed and agreed by the Parties, a recalculation of the past year 
results is made using ex post values. To put it differently, mutual settlements made on the 
basis of current data are updated with actuals. 

4.4.4 Findings on the ITC Mechanism 

 Full-scale application requires six months to make settlements and have them audited 
and agreed by all parties; 

 France, Italy and Norway are the largest payers, making major transits through the 
networks of other countries; 

 Chief earners are Germany, Austria and, particularly, Switzerland (through which main 
transits flow from France to Italy); 

 The amounts paid and received are generally in line with the physical flow picture, 
which is indicative of accurate results; 

 In practice, nobody makes contributions to get compensated. Contributions and 
compensations are needed to arrive at the final outcome pointing to the Seller and the 
Buyer; 

 Some payments are made on a monthly basis based on the previous year results. In 
June, recalculations are made using new data and new amounts are ascertained for 
monthly settlements. 

4.5. Methodology For Calculating Fees for Electricity Transmission and 
Transit Services Within the Power Pool of CIS Member-States 

The Executive Committee of the CIS Electric Power Council drafted a Methodology for 
Calculating Fees for Electricity Transmission and Transit Services within the Power Pool of 
the CIS Member States. 

The Methodology for Calculating Electricity Transmission and Transit Fees is a tool designed 
for the CIS power market actors in accordance with CIS intergovernmental instruments and 
documents approved by the CIS Electric Power Council 

For the purpose of making settlements with due account of priority uses of national power 
grids to supply domestic power consumers and to export/import electricity by the Transiter 
State, the Methodology distinguishes between the following notions:  

 Electricity transmission, a service involving transmission, through the power grids of 
the State under existing power agreements, of electricity generated and/or consumed 
within it own territory; 

 Electricity transit: 

– a service involving transmission, through the national power grids of the State 
under existing power agreements, of electricity generated within the territory of 
another State and consumed within the territory of a third State; 

– a service involving transmission, through the national power grids of the State 
between two points on the power grids of another State under existing power 
agreements, of electricity generated and consumed within the territory of such 
other State.  

The Methodology applies a single approach to calculation of service fees for electricity 
transmission and transit. However, if the provision of national grids for transit leads to 
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domestic market appreciation, the Methodology envisages that customers shall continue to 
pay the same fees for transmission. 

At the present time, CIS Member-States' power sectors are organized differently from each 
other, undergo different phases of national market development and display different levels of 
preparedness for participation in a common Commonwealth power market. They apply 
methodologies to calculate electricity transmission fees that meet the requirements of their 
domestic markets. 

The Methodology considers taking account of national requirements for, and approaches to, 
setting up electricity transmission tariffs that rule out any impacts of Methodology 
calculations on the tariffs for transmitting electricity through the transiter's power grids. 

In particular, it is possible to simplify the task of allocating transiter costs between electricity 
transmission/transit customers provided tariffs (unit costs) are set up for transmission 
regardless of transmission distances. 

In this case, tariff for electricity transmission through national grids is calculated as a quotient 
of transmission costs by the total amount of electricity transmitted over the settlement period. 
Transmission costs are allocated among customers in proportion to the amounts of transmitted 
electricity only. 

Other special features are possible for the calculation of tariff for electricity transmission 
through national grids, which should be taken into account when determining the amount and 
allocation of transiter costs relating to electricity transmission/transit. 

The Draft Methodology is based on the following underlying concepts: 

– transiter costs relevant to electricity transmission/transit; 
– unit costs associated with electricity transit; 
– unit costs relating to electricity transmission/transit include the following costing 

elements: 
– dispatching of electricity and power transmission/transit; 
– transiter network operations and maintenance, including return on investment; 
– compensation for electricity losses in the transiter's network. 

Specific allocation of the transiter's aggregate costs relevant to electricity transit/transmission 
cannot be reduced to settlements based solely on the unit cost of (tariff for) transmitting 1 
kWh of electricity. 

The Methodology applies that following approach to cost allocation: 

 dispatching of electricity transmission/transit is costed in proportion to the amounts of 
transmitted/transited electricity; 

 operation and maintenance of the transiter's network is costed in proportion to 
transmission/transit distances and amounts of transmitted/transited electricity; 

 electricity loss compensation includes two components: 

 compensation the loss constant proportionate to the amounts of 
transmitted/transited electricity and transmission/transit distances; 

 compensation of the loss variable which is a quadratic function of 
transmitted/transited electricity and proportionate to transmission/transit distances. 
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In the event that economic gains (reduced unit costs per individual component) are achieved 
as a result of superimposing transits on electricity transmission, such gains are allocated 
among transmission customers, transit customers and the transiter. 

Prioritizing transiter grids for the domestic power market and electricity exports/imports 
means that the provision of transiter networks for electricity transits should not result in 
higher charges for the electricity transmission customer (if electricity transmission/transit unit 
costs increase due to superimposing transits on transmission, incremental costs are charged to 
transit customers). 

When negotiating an agreement between the transiter and the customer for electricity transit 
between two points on the customer's power grids, the parties agree on the amount of transit 
electricity by separating it from the electricity resulting from parallel operations of the energy 
system pool (ring flows). 

4.6. Comparative Analysis: Key Findings 

The existing Methodology for transit calculations in the United Power System of Central Asia 
and Sothern Kazakhstan does not embrace all potential options, at times hampering timely 
and appropriate contracting. 

Major challenges will arise in determining directions of transit involving unscheduled power 
flows that will result – due to the need to allocate transit between the shoulders of the 500 kV 
Ring – in considerable complications and delays in contracting, among other things, for 
unscheduled flows between the systems (unscheduled flows are uncontracted flows, with 
relevant contracts entered into after the event). 

In the first instance, it is necessary to revise the Methodology concept of conventional 
destinations with proportional factors, which has been adopted as a compromise solution for 
the single 500 kV Ring in existence. With the commissioning of new lines and emergence of 
a multiring scheme in the UPS CA, the concept of proportional factors derived from the 
physical power flow will make no sense. Indeed, if an energy system puts into operation a 
new line with a capacity enabling the required power flows, then, logically, there is no need to 
pay for transit through the bypass lines of the neighbouring systems. If the concept of physical 
flow is retained, the only way to avoid paying for transit through bypass lines would be to 
switch them off, which is not consistent with the logic of commissioning new lines and 
ensuring energy system reliability. 

In this context, a working group of the Coordination Power Council of Central Asia (CPC 
CA) was tasked with updating the existing transit methodology to determine transit electricity 
quantities on the basis of the power and capacity balance in major load centres, considering 
each energy system or its separate part as “black boxes”. 

If two parts of an energy system have a direct link between them with a sufficient capacity, 
then such a system is considered as one whole (as a single “black box”), i.e. there will be no 
transit between such parts of the system through another energy system. 

If there is a similar interconnection between two energy systems, all interchanges between 
them will occur directly, without transit through a third energy system. 

In doing so, electricity transit between the «black boxes», are to be determined as follows: 
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– by the shortest path within the limits of its capacity; 
– for quantities in excess of the shortest path capacity, by the next available shortest path 

of the existing alternatives. 

The Transit Methodology should include all throughputs in normal and maintenance modes, 
as determined in accordance with the approved UPS CA Operating Instructions. 

The second amendment proposed by the working group to update the Methodology concerns 
electricity transit tariffs. As has been mentioned, the UPS CA is currently applying the CPC 
CA-approved tariff at 0.5 United States Cents/kWh (including VAT) per 1000 km. For the 
purpose of advancing the regional power market, it has been suggested capping the transit 
tariff at 0.5 cents per 1 kWh and allocating this amount among the transit parties in proportion 
to their participation. 

The third amendment relates to following: for the avoidance of non-payment for transit 
services to any of the transit parties, payment for transit shall be the responsibility of 
electricity sellers unless otherwise specified in the power supply contract. 

When in receipt of a purchase order for electricity involving transit through third-party power 
grids, the Coordination Dispatch Centre (CDC) “Energiya” would develop a model of the 500 
– 220 kV transit network, determine the participation factors for each leg of the model and 
bring such calculations to the attention of each UPS CA energy system. 

However, such modified version of the Methodology has not been adopted by the CPC CA 
because it does not take into account electricity losses from existing physical loop flows of 
transit electricity. 

While discussing the BRELL Methodology within working groups, the Belarus Party set forth 
a number of proposals that were unacceptable to the Russian Party, including the following: 

1. the proposal for a manifold increase in transit prices, with no substantiation made while 
the Russia-proposed pricing parameters and factors have been substantiated and 
approved by the Baltic States; 

2. the proposal to use different rates to pay for transit in the settlements between different 
blocks. In such conditions, the methodology will not operate correctly. Other BRELL 
parties do not agree; 

3. the proposal to take into account Russia's internal flows through the Centre – Northwest 
power lines. The question arises whether the data provided by one party only is 
legitimate. Estonia, Latvia and Lithuania cannot agree with this. This proposal may set 
the precedent because flows through internal lines may also be taken into consideration. 
It should be noted that taking account of the Centre – Northwest power flow would 
result in Russia's increased payments to Belarus and the Baltics. 

4. at the most recent meeting, Belarus disagreed with the methodology in terms of making 
payments to the common fund. That means that Belarus only wants to collect payments. 
In this case, the methodology will not work. 

Other challenges may include Belarus' unwillingness to have hourly metering (the settlement 
period under the methodology is an hour). Moreover, Belarus disagreed with the proposed 
contractual scheme but Belenergo said they were not ready to come up with a scheme that 
would be appropriate for them. Given all of the above, the methodology was not approved for 
implementation. 
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The draft methodology relating to Russian electricity transit through the Belarus power grid 
was not supported by the BRELL parties or approved for practical application either. 

The methodology for calculating payments for electricity transmission and transit within the 
CIS energy pool remained a draft and never saw practical application. The main reason is that 
it attempted to incorporate all nuances of the relatively complex process of allocating transit 
flows and all related issues. The outcome was a cumbersome, complicated and non-
transparent mechanism and, for that matter, the methodology remained ink on paper. 

Based on a critical analysis of such methods, it is proposed that the most acceptable, i.e. 
ENTSO's ITC model, be selected for adaptation to the UPS CA environment. 
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5. ITC Model For UPS CA 

5.1. ITC Model Adaptation to UPS CA 

In regard of applying ENTSO's model to the UPS CA, the following positive aspects should 
be noted: 

 The power grid configured for the model corresponds to the actual grid that is used for 
transit; 

 There is no need to calculate allocation factors for complex networks (the network is 
only used to calculate losses); 

 Transit quantities are determined on the basis of export and import flow data; 
 Taken into account are not only transit flows but also the network's own flows; 
 Transit impacts on network losses are taken into consideration; 
 As a matter of fact, the ITC-mechanism is a process for allocating transit quantities as 

determined by some rules in accordance with all systems' participation factors; 

The main issues to be resolved by the UPS CA: 

 Compensation fund – in what amount? 
 Keep or modify the 75/25 ratio? 
 Loss compensation – at what prices? 
 Net export and net export – where one can obtain inter-State meter readings for 

acceptance and delivery? Is it possible to use data on aggregate delivery and 
acceptance of flows in the interconnections between States instead? 

The following answers are suggested for the above questions: 

 The compensation fund to be calculated on the basis of the transit flow values at the 
parties' internal tariffs; 

 Keep the 75/25 ratio and/or provide for its variation; 
 Loss compensation to be calculated at internal tariffs as in ENTSO; 
  Instead of acceptance and delivery meters, use import and export data provided by 

energy systems for the reporting month (which generally correspond to acceptance and 
delivery meter readings). 

Given the foregoing, an Excel application has been developed for calculations based on inter-
system flow data provided by the energy systems on a monthly basis to the CDC  “Energiya”. 

5.2. Modelling Transit Loss Compensation 

At this point in time, UPS CA energy systems have no technological capability to make real-
time calculations. Therefore, unlike in ENTSO, it has been decided to determine the influence 
of transit flows on losses in two modes: the real power flow ascertained twice a year (in 
summer and in winter) based on actual measurements. 

Such measurements taken simultaneously at designated dates and times across the entire CIS 
power pool serve as a framework for mode planning to determine the impact of transit losses 
appear to be an appropriate compromise.  
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Calculations are made with RESTR WIN using the “horizontal scheme”, i.e. for the Uzbek 
energy system, transit does not include the Western part of the UPS CA (it is taken into 
account only as an equivalent load for Syrdarya Thermal Power Plant).  Calculation data are 
listed in the tables below. The calculations have been made on the basis of a scheme with 
actual power flows at the 2nd, 9th and 19th hours for the winter mode, and at the 2nd, 11th and 
21st hours for the summer mode in 2012. 
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2:00     (0-6;22-24;10-16) 14hours 

District 
∆P 

with 
transit 

∆P 
without 
transit 

dP dP % 
∆P 

with 
transit 

∆P 
without 
transit 

dP dP % 

South of Kazakh. 41,74 48,49 6,75 13,92 
58,54 67,84 9,3 13,71 

Almaty 16,80 19,35 2,55 13,18 

North of Kyrgyz 99,08 133,98 34,90 26,05 

142,24 218,17 75,93 34,80 Osh 6,36 6,76 0,40 5,92 

South of Kyrgyz 43,16 84,19 41,03 48,74 

Centre  16,59 19,75 3,16 16,00 
35,29 56,58 21,29 37,63 

Fergana 18,70 36,83 18,13 49,23 

         

         

9:00      (6-10) 4hours 

District 
∆P 

with 
transit 

∆P 
without 
transit 

dP dP % 
∆P 

with 
transit 

∆P 
without 
transit 

dP dP % 

South of Kazakh. 59,83 68,09 8,26 12,13 
86,33 95,29 8,96 9,40 

Almaty 26,50 27,20 0,70 2,57 

North of Kyrgyz 91,05 113,20 22,15 19,57 

142,75 200,50 57,75 28,80 Osh 10,92 12,45 1,53 12,29 

South of Kyrgyz 51,70 87,30 35,60 40,78 

Centre  21,43 22,79 1,36 5,97 
46,46 60,59 14,13 23,32 

Fergana 25,03 37,80 12,77 33,78 

         

19:00      (16-22) 6hours 

District 
∆P 

with 
transit 

∆P 
without 
transit 

dP dP % 
∆P 

with 
transit 

∆P 
without 
transit 

dP dP % 

South of Kazakh. 57,38 71,56 14,18 19,82 
86,59 103,48 16,89 16,32 

Almaty 29,21 31,92 2,71 8,49 

North of Kyrgyz 123,02 156,11 33,09 21,20 

174,61 242,54 67,93 28,01 Osh 11,67 12,93 1,26 9,74 

South of Kyrgyz 51,59 86,43 34,84 40,31 

Centre  29,19 38,06 8,87 23,31 
53,90 75,91 22,01 28,99 

Fergana 24,71 37,85 13,14 34,72 

Table 8. Winter-time transit flow impacts in 2012. 



50 

where ∆Pс  транзитом, ∆Pбез транзита и dP are energy area losses (MW) in the modes with transit, 
without transit, and their difference, respectively. 

The transit mode has been modelled as follows: 

Agadyr Substation is taken as a slack bus. Switched off are power lines through which the 
transit flow goes: VL-500kV L-5001 (TashGRES-Shimkent) and VL-220 kV L-2-Ch 
(TashGRES-Shimkent220), L-2-D (TashGRES-Zhambyl); 

For Southern Kazakhstan, losses for the 2nd hour equal 41.74 MW with transit and 48.49 
MW without transit,  

i.e. dP = 41.74–48.49= 6,75 MW.  

In percentage terms, losses are defined as a ratio between dP and losses without transit. 

i.e. dP %= dP / ∆P without transit = 6.75/48.49=0.1392=13.92%.  

Similar calculations are made for all other load centres and the summer time. 

The daily curve below clearly shows the maximum and minimum hours for the wintertime 
mode. Given that actual flow is taken at designated three hours during the day, the day is 
broken into respective periods. In doing so, intervals from 22:00 to 6:00 and from 9:00 to 
16:00 are taken to be the minimum hours, while intervals from 6:00 to 9:00 and from 16:00 to 
22:00 are taken to be maximum hours. 

 
Table 9. Wintertime daily consumption curve. 

Based on the values obtained for the respective periods, daily weighted average losses are 
ascertained (closely associated with all the three tables). 
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District 
∆P 

with 
transit 

∆P 
without 
transit 

dP dP % 
∆P 

with 
transit 

∆P 
without 
transit 

dP dP % 

South of Kazakh. 48,67 57,52 8,86 15,40 
70,18 81,33 11,14 13,70 

Almaty 21,52 23,80 2,28 9,59 

North of Kyrgyz 103,73 136,05 32,32 23,76 

150,42 221,32 70,90 32,04 Osh 8,45 9,25 0,80 8,68 

South of Kyrgyz 46,69 85,27 38,58 45,24 

Centre  20,55 24,83 4,29 17,26 
41,80 62,08 20,28 32,66 

Fergana 21,26 37,25 15,99 42,93 

Table 10. Wintertime daily weighted average losses. 

The daily weighted average losses were calculated by averaging the losses for the daily 
periods corresponding to the hours of actual power flow. 

As an example, let us consider Southern Kazakhstan again for the mode without transit. Daily 
weighted average losses stand at 48.67 MW and have been arrived at by adding up losses for 
each actual hour (2nd, 9th, and 19th for the winter-time mode) with due account of the daily 
consumption curve, i.e. it can be seen from the curve that the minimum hours are within the 
intervals from 22:00 to 00:00 hours, from 00:00 to 6:00 hours, and from 10:00 to 16:00 hours. 
In the aggregate, the time of the evening and day-time minimums equals 14 hours. The hours 
of the morning and evening maximums lie within the intervals from 6:00 to 10:00 hours and 
from 16:00 to 22:00 hours. That is, in the aggregate they equal 4 and 6 hours, respectively. 
Thus, the day is broken into three corresponding periods with the lengths of 14, 4, and 6 
hours, respectively. 

Multiplying the losses ascertained for the corresponding hours of actual flow by the length of 
the corresponding periods of the day and dividing the product by 24, we obtain the weighted 
average value of losses. 

So, for Southern Kazakhstan, the weighted average loss equals: 

48.67 МW = (41.74 МW · 14 hours + 59.83 МW · 4 hours + 57.38МW · 6 hours) / 24 hours. 

Similar calculations are made for all other load centres. 

Then we repeat the calculations for the simmer-time mode, too. It should be noted that the 
hour of actual flow are changed for the summer-time mode, same as the aggregate minimum 
and maximum hours in the daily consumption curve. Loss calculation data for the summer-
time mode are listed in the tables below. 
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2:00     (0-6;23-24;13-18) 12hours 

District 
∆P with 
transit 

∆P 
without 
transit 

dP dP % 
∆P with 
transit 

∆P 
without 
transit 

dP dP % 

South of Kazakh. 23,71 27,94 4,23 15,14 
28,66 33,24 4,58 28,66 

Almaty 4,95 5,30 0,35 6,60 

North of Kyrgyz 8,51 21,12 12,61 59,71 

14,20 32,70 18,50 56,57 Osh 1,07 1,16 0,09 7,76 

South of Kyrgyz 5,69 11,58 5,89 50,86 

Centre  22,95 31,15 8,20 26,32 
30,70 50,64 19,94 39,38 

Fergana 7,75 19,49 11,74 60,24 

         

11:00       (7-12) 5hours 

District 
∆P with 
transit 

∆P 
without 
transit 

dP dP % 
∆P with 
transit 

∆P 
without 
transit 

dP dP % 

South of Kazakh. 34,23 39,47 5,24 13,28 
47,29 53,71 6,42 11,95 

Almaty 13,06 14,24 1,18 8,29 

North of Kyrgyz 25,19 53,82 28,63 53,20 

42,58 95,40 52,82 55,37 Osh 1,10 1,21 0,11 9,09 

South of Kyrgyz 17,39 41,58 24,19 58,18 

Centre  27,92 43,24 15,32 35,43 
43,82 76,19 32,37 42,49 

Fergana 15,90 32,95 17,05 51,75 

         

21:00      (18-23) 7hours 

District 
∆P with 
transit 

∆P 
without 
transit 

dP dP % 
∆P with 
transit 

∆P 
without 
transit 

dP dP % 

South of Kazakh. 43,18 45,05 1,87 4,15 
54,40 57,23 2,83 4,94 

Almaty 11,22 12,18 0,96 7,88 

North of Kyrgyz 33,43 60,33 26,90 44,59 

59,60 107,14 47,54 44,37 Osh 3,35 3,75 0,40 10,67 

South of Kyrgyz 26,17 46,81 20,64 44,09 

Centre  37,38 58,81 21,43 36,44 
55,72 84,43 28,71 34,00 

Fergana 18,34 25,62 7,28 28,42 

Table 11. Summer-time transit flow impacts in summer in 2012. 
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Table 12. Summer-time daily consumption curve. 

District 
∆P 

with 
transit 

∆P 
without 
transit 

dP dP % 
∆P 

with 
transit 

∆P 
without 
transit 

dP dP % 

South of Kazakh. 31,58 35,33 3,75 10,62 
40,05 44,50 4,45 10,01 

Almaty 8,47 9,17 0,70 7,64 

North of Kyrgyz 19,25 39,37 20,12 51,09 

33,35 67,47 34,12 50,57 Osh 1,74 1,93 0,18 9,58 

South of Kyrgyz 14,10 28,11 14,00 49,83 

Centre  28,19 41,74 13,54 32,45 
40,73 65,82 25,09 38,12 

Fergana 12,54 24,08 11,55 47,94 

Table 13. Summer-time daily weighted average losses. 

Such weighted average losses taking account of transit loss impacts have been used in the ITC 
model run by an Excel spreadsheet. For convenience, all tables are consolidated into one with 
a vertical display of calculation data by country and load centre. 

It will be shown below that a  “one-to-one” projection of the European model on the UPS CA 
has produced inaccurate results. The model will be transformed and adapted below to the UPS 
CA environment. 

Shown below is the initial calculation which is similar to the European one. Here, each energy 
system is presented as one whole without a breakdown by load centre. Exports/imports are 
balanced, and the electricity transmission tariffs and loss percentage are taken from national 
regulator data. 
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Table 14. EU model-based calculation of UPS CA loss compensations and contributions for October 2012. 
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As may be seen from the table, the adopted transit definition has resulted in all countries 
having almost equal transit volumes (which is wrong in itself). 

Moreover, as the transmission tariffs and losses vary from country to country, it turned out 
that the payer is the energy system that performs de facto transit services (in this case, the 
Uzbek energy system). 

Presented below is the calculation where tariffs and percentages are taken to be the same and 
the loss values are different (attached only one version with a maximum of 4.9 cents/kWh), 
but it did not result in any drastic changes; moreover, on the contrary, the Kyrgyz energy 
system turned out to be not the buyer but the seller of transit services, with the Kazakh 
(Southern Kazakhstan) and the Uzbek energy systems that provide transit to Kyrgyzstan, the 

buyers. 
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Table 15. The results of calculations of loss and contributions for UPS CA balanced with and interest rates for October 2012 
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The main reason for such a discrepancy is that electricity volumes coming from Southern 
Kazakhstan and arriving in Northern Kyrgyzstan in transit through neighbouring countries are 
roughly of the same order, and in accordance with the definition used in the methodology, the 
lesser is transit via Kyrgyzstan, which is not true in reality. 

With this in mind, in order to arrive at the flows corresponding to the actual situation, the 
Kyrgyz energy system is divided into southern and northern parts, while the energy systems 
of Uzbekistan and Southern Kazakhstan remain whole. It is this scheme that underlies further 
calculations. 



58 

Scheme 2. Ground circuit for UPS CA (October 2012) 
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Thick arrows show transit flows while regular arrows indicate internal flows. 

Based on the constructions cost of a 500 kV power line, we arrive at a tariff of 0.4 cents/kWh 
per 1000 km. The average transit length through 500 kV lines in various directions is 700 – 
750 km. That is, an average may be offered. 

Transit tariff net of distance and VAT varies from to 0.3 to 0.32 cents/kWh. 

Inclusive of VAT, the most realistic results are obtained with tariff at 0.35 cents/kWh. 

Calculated for the energy areas in the schematic are WWT percentage factors to take account 
of transit influence on losses. 

The results are summed up in the table below. 
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Table 16. The coefficients take into account the impact of transit on the level of losses for the summer and winter 2012 
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Table 17. The results of calculations of loss and contributions for UPS CA with the proposed tariffs 
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The Excel-based application to calculate transit volumes has been tested by the CDC 
Energiya. Calculations have been made for all the months in 2012, which results shown 
below. 
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Table 20. The results of calculations of loss and contribution to CAPS for the year 
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Table 21. The results of calculations of loss and contribution to CAPS for the year 
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Table 22. The results of calculations of loss and contribution to CAPS for the year 
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6. Conclusions 

This study examines the international practices in the area of electricity transit. 

An overview of transit methodologies has been made, including the following: 

 BRELL Draft Methodology Guidelines for Electricity Transit through the Electrical 
Ring “Belarus – Russia – Estonia – Latvia – Lithuania”; 

 Draft Methodology for Calculating Tariff for Transit of Russian Electricity through 
Belarus Power Grids; 

 the existing Methodology for Transit Calculations in the United Power System of 
Central Asia and Sothern Kazakhstan; 

 ETSO's existing ITC model; 
 Methodology for Calculating Fees for Electricity Transmission and Transit Services 

within the Power Pool of the CIS Member States. 

Based on the worked performed, it important to note the following: 

 The BRELL Draft Methodology Guidelines for Electricity Transit represents the early 
stage of ENTSO's ITC model, which has repeatedly been reworked and made 
significant headway, i.e. the UPS CA should base itself on an improved model. 

 The Draft Methodology for Calculating Tariff for Transit of Russian Electricity through 
Belarus Power Grids did not meet with BRELL's support and was never implemented. 
With this in mind, it would not be rational for the UPS CA to use this methodology. 

 The methodology for calculating fees for electricity transmission and transit services 
within the CIS energy pool remained a draft and never saw practical application. The 
main reason is that it attempted to incorporate all nuances of the relatively complex 
process of allocating transit flows and all related issues. The outcome was a 
cumbersome, complicated and non-transparent mechanism and, for that matter, the 
methodology remained ink on paper. 

 The existing Methodology for transit calculations in the United Power System of 
Central Asia and Sothern Kazakhstan does not embrace all potential options, at times 
hampering timely and appropriate contracting. Major challenges will arise in 
determining directions of transit involving unscheduled power flows that will result – 
due to the need to allocate transit between the shoulders of the 500 kV Ring – in 
considerable complications and delays in contracting, among other things, for 
unscheduled flows between the systems. 

 As to applying the ENTSO model to the UPS CA, the following positive features should 
be highlighted: 

 The power grid configured in the model corresponds to the actual grid that is used 
for transit; 

 There is no need to calculate allocation factors for complex networks (the network 
is only used to calculate losses); 

 Transit quantities are determined on the basis of export and import flow data; 
 Taken into account are not only transit flows but also the network's own flows; 
 Transit impacts on network losses are taken into consideration. 
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Based on a critical analysis of such methods, it is proposed that ENTSO's ITC model designed 
for calculating compensations relevant to cross-border flows be selected as the most 
appropriate.  

The model has been adapted to the UPS CA environment, with a Microsoft Excel application 
developed to calculate compensations associated with cross-border flows. 

This work also included the development of a methodology to assess electricity transit 
impacts on losses based on the measurement of actual flows. 

Calculation data indicate that in accordance with this methodology the financial situation of 
the energy systems, i.e. final remuneration, is very close to actual results for 2012. 

Specifically: 

The Uzbek Energy System makes $7533.051 thousand a year; 

the Kazakhstan Energy System makes $8295.649 thousand a year; and 

the Kyrgyz Energy System makes $15828.700 thousand a year. 

Actual remunerations for 2012 were as follows: 

the Uzbek Energy System: $8090 thousand; 

the Kazakhstan Energy System: $7316 thousand; and 

the Kyrgyz Energy System: $15406 thousand. 

The foregoing leads to the conclusion that the calculation data obtained by this methodology 
are very close to the actuals annual remunerations. 

Importantly, such calculations were made using the 2012 results which did not include the 
commissioning of the Datka Substation in Kyrgyzstan. However, it should be noted that the 
proposed model is versatile, allowing calculations to include new facilities and power lines. 

6.1. Recommendations 

As may be seen from the foregoing, the UPS CA urgently needs to revise the existing Transit 
Methodology. As was mentioned above, the CPC CA instructed the CDC Energiya to study 
the international practices in the area of electricity transit. 

In conjunction with the Energy Charter Secretariat and based on a critical analysis of the 
above methods, Energiya proposes to select the most appropriate option for calculating 
electricity transit on the basis of ENTSO's ITC model as adapted to the UPS CA environment. 

The proposed model will be discussed by: 

 Energy Charter’s Working Group on Trade and Transit; 
 Task Force on Regional Energy Cooperation in Central and South Asia. 

Such methodology will be finalized with comments and submitted to the CPC CA for review. 
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7. Abbreviations 
CIS Commonwealth of Independent States 
CPC CA Coordination Power Council of Central Asia 
ECS Energy Charter Secretariat 
EPC Electric Power Council 
ETSO European Transmission System Operators 
EU European Union 
EXP Export 
IMP Import 
ITC Inter-Transmission Compensation 
KEGOC Kazakhstan Electricity Grid Operating Company  
NEF Net Export Flow 
NIF Net Import Flow 
PC Perimeter Countries 
TSO Transmission System Operators 
UPS CA United Power System of Central Asia 
WWT With and Without Transit 
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