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Abbreviations

ENTSOE- European Network of Transmission System Operators for Electricity (former UCTE)
AGC- Automatic Generation Control

LFC- Load Frequency Control
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Introduction

This report details the accomplishments, findings and recommendations of phase Il of the Black Sea
Regional Transmission Planning Project (BSTP).

BSTP was stablished in 2004 taster regional cooperation in figmission planning and analydis.
results from a desire among the Transmission System Operators (TSOS) in the region to identify
investments necessary to improve regional system security and to take advantage oftihefpotast
west electricity trade with neighboring markets in Southeast Europe and the UCTE system.

Though integrated at the borders, the Black Sea electrical network is currently an amalgamation of three
electric power systems. Until recently, comnaation between the TSOs within these systems had been
restricted primarily to daily operational matters with little, if any; focus on longer term planning issues
related to system expansion, security and the facilitation of trade and exchanges.

Within thecontext of this project, Armenia, Georgia, Moldova, Russia and Ukraine are members of the
synchronous IPS/UPS system. Since the early 1990s national transmission system operators (TSOs) wit
IPS/UPS have operated relatively independently. The SottBeaspean Black Sea nations of Bulgaria

and Romania, acceded to the European Union on January 1, 2007, are members oE:BiiGare

signatories of the Energy Community of Southeast Europe Treaty. They adhere to-ENBd€c2dures

and protocols. Tusy is the third element of the Black Sea electrical network and is in the final stages of
trials for synchronous connection to ENT&O

Though tempered by the current economic downturn, emerging electricity markets in the Energy
Community of Southeast Eape and increasing demand in Central & Eastern Europe present long term
opportunities for increasing electricity exports from the Black Sea region. Identifying and capitalizing on
opportunities for further integration with the Energy Community and ENES€quires enhanced

technical coordination, cooperative planning and institutional capacity to analyze bulk power flows in the
region and with neighboring regions.

In response to these developments the Black Sea TSOs signed the Sofia Memorandum endimgeirst

2004. The MOU outlines the goals and objectives of the Project, provides a framework for Project
governance and details the rights and responsibilities of participating organizations. Current signatories c
the Sofia MOU, which was updated i@ at the beginning of Phase I, include:

Energy Research Institute of Armenia

Electro Power System Operator of Armenia
NationalDispatching ESO EADf Bulgaria

Georgia State Electrosytem

Moldelectrica of Moldova

Transelectric of Romania

System Operatddnited Power System (SOPS) of Russia
Turkish Electricity Transmission Company

National Energy Company (NEK) Ukrenergo

United States Agency for International Development
United States Energy Association

Too Too Joo Too Too Too oo oo o To o
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Project Goals & Obijectives

The MOU provides thedsis for project organization and coordination, details the Project methodology,
timelines, schedules and deliverables, the rights and responsibilities of the TSOs, the role of Transelectric
as the Technical Coordinator, the role of EKC as regional matggirator and the support provided by

USAID and USEA.

The goals and objectives contained in the MOU are to:

Promote regional cooperation on transmission planning among Black Sea TSOs

Identify priority investments in transmission systems and interaioms to improve reliability of
the regional power system

Propose possibilities to enhance electric power trade in the Black Sea Region

Harmonize transmission planning principles, methods and perhaps methodologies

Create a working group with experts tedhin transmission planning issues and well informed
about the characteristics of participating power systems

Develop a common platform (common database, common software and consistent principles) fc
transmission system analysis among the TSOs in th& Blea Region

Provide training in the use of transmission planning software (PSS/E)

Promote the results of the analysis to a wide audience of policy and regulatory authorities

oo Do ToDoDe oo

The MOU established a Working Group composed of two transmission engineeeaftomSO. A
Steering Committee comprised of senior officials from each TSO, USAID and USEA overseeskhe
plansand activities of the Working Group. The Steering Committee provides a mechanism for IFls and
regional organizations to provide input t@ tAroject. Transelectrica is the Technical Coordinator of the
project. The Electricity Coordination Center (EKC) of Belgrade is the regional model integrator.

Activities & Accomplishments

Training and Modeling for Dynamic Mode The major task in phasedf the BSTP was to maintain and
update the static model for 2010 developed during the first phase of the project, and to develop static and
dynamic models for the years 2015 and 2020.

A five day training course on the use and application of the Povetei8\Simulator Software for

Engineers (PSS/E) for dynamic mode modeling and calculations was conducted in Varna, Bulgaria in
March 2007. Two representatives from each of the BSTSOs patrticipated, bringing the total number of
BSTP trainees to a combined #8 both steady state and dynamic mode training. During the training, the
Working Group agreed to model the system for the following three operating regimes:

A Winter peak load at 16:00 GMT
A Summer peak load at 16:00 GMT
A Summer offpeak load at 01:00 GMT
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The regional model was constructed by integrating national models prepared by each TSO following the
training using the PSS/E software provided by the project. The model integrator (EKC) connected the
national models into a single regional model. EKsbdlad responsibility to:

Harmonize the data for interconnection lines

Develop external equivalents for Western, Central and Southern Europe's networks
Checking all national models and the regional model for errors

Testing the accuracy of the model

= =4 =4 -4

The egional models contain the voltages: 750kV, 500kV, 400kV, 330kV, 220kV, 150kV and 110kV. The
main generator units are modeled at their nominal voltage level with corresponding stapsformers.

All new substations and lines that are expected to batipeal by 2020 (according to the long term
development plans provided by the TSOs) are modeled as well.

e

Modeled

Equivalented

Modeled and equivalent parts of the system
For the 2015 analysis, the models assume the following synchronous operation areas:

1 ENTSOE countriesof Romania and Bulgaria operating synchronously with Europe and Turkey;
1 IPS/UPS countries of Russia, Ukraine, MoldoBaprgia, Armenia and Azerbaijan.

The project team has a high degree of confidence in the 2015 model data due to a high level gf certaint
that lines, generation and loads included in this model are a sound estimate of conditions that will exist in
2015. However, due to increasing levels of economic uncertainty in the region, the same level of certaint
does not extend to the 2020 plarqmhorizon. As a result analysis of the regional network was restricted to
the 2015 horizon during this phase of the project.

Survey of Transmission Planning Criteria and Methodologies Employed in the Black Sea Region:

The participating TSOs prepared av&y to benchmark similarities and differences in the planning criteria
used in their national planning processes. The Turkish Electricity Transmission Company (TEIAS) acted
as a lead in developing the survey instrument and in collecting and analyziegpbases. Three topical
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areas were reviewed: the role and interaction between TSOs and regulators in the planning process;
technical criteria employed by the TSO in the planning process; and economic and financial criteria used
evaluate potential pyects. The survey reveals significant commonalities found throughout the planning
processes, which provide a basis for enhanced collaboration on a regional basis, including potential
harmonization of grid codes among system operators. The survey agsutisnd in Annex Two of this

report.

Training for Economic and Financial Analysis of Transmission ProjectsThe project conducted a

training workshop on Economic and Financial Analysis of Transmission Planning Projects in Kiev on July
7-8, 2009. The aarse provided an introduction to fundamental principles and techniques for financial and
economic analysis of transmission projects, including discounted cash flow, calculating internal rates of
return, and cost benefit analysis. The World Bank and EaroBank for Reconstruction and

Development also participated in the workshop by presenting information on their respective project cycle
and the financial appraisal of national and regional transmission projects. The training revealed the exten
to whichthe economic and financial criteria are used. They are applied only to evaluate financial return or
investments in new lines on a national basis. Market oriented transmission investments and investments
that may have value from a regional perspectiiteeeto improve security or promote trade, are not
employed. These findings have informed our recommendations for next steps in thaifpbase of the
project.
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Organization of the Report
The report is organized as follows:

The national transmission network descriptions are contained in Chapter Two of this report;

A description of the regional load flow and dynamic models can be found in Chapter Three;
Chapter Four is an analysis of the network in the 2015 steady state and dynamic modes;

Chapter Five provides conclusions and a set of recommendations for the next phase of the project;
Annex One is an inventory of generation and transmission network {grojg@ country by country
basis up to 2020;

1 Annex Two is the Survey of Planning Criteria and Princiesongthe Black Sea Regional
Transmission System Operators.

= =4 =4 -8 9

Power Systems Data
This chapter includes the characteristic data for each system th&leéck Sea Region.

Armenia

The power transmission network of Armenia consists of 220 kV and 110 kVHigese2.1 shows the
map of Armenian network arthble2.1 shows main data about Armenian traission network.

Table 2.1 7 Armenia - network overview

Lines Transformers
Length of the Installed
Voltage level overhead lines Voltage level o
capacities
and cables
(kV) (km) (kV/kV) (MVA)
220 1527 220/x 2715
110 3083 110/x 5700
total 4610 8415
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174

T

The scheme of the Armenian Power System

1

Ministry of Energy RA

400 kY line praject

[ -NPP ——

Figure 2.1 7 Armenia - network map
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Armenia is connected through interconnection lines with all neighboring countries:

Table 2.2 17 Armenia i interconnection lines

OL name and Capacity

nominal voltage Substations Length (km) | (MW) Actual Condition

(kV) Armenia Foreign countries Total | In Armenia

Meghri 220 Shinuhair Agar/ Iran 176.8 | 83 440 commercial operation

Alaverdi 220 Alaverd Thilisi TPP/ Georgia | 63.5 29.5 | 250 commercial operation
Ninotsminda/

Ashotsk 110 Ashotsk Georgia 35.8 13.2 | 80 radial regime

Lalvar 110 Alaverdi2 Sadakhlo/ Georgia | 30 26.1 | 80 radial regime

Ghars 220 Giumri-2 Ghars/ Turkey 80 9.5 | 300 outof operation

Atabekian 330 Hrazdan TPP| Akstafa/ Azerbaijan | 108 92 400 out of operation

Babek 220 Aarat2 Babek/ Nakhijevan | 99.6 19.5 | 250 breakdown state
Norashen/

Norashen 110 Ararat2 Nakhijevan 98 16.6 | 80 breakdown state
Ordoubad/

Ordoubad 110 Agarak Nakhijevan 30 9 80 breakdown state

Installed generation capacity in Armenia exceeds consumption, and Armenia is capable of exporting large

guantities of energy.
Armenian NPP
Hrazdan TPP 810 MW
Yerevan TPP 600 MW
SevanHrazdan cascade of HPPs 561 MW
Vorotan cascade of HPPs 400 MW
Small HPPs 140 MW

List of Armenian Antclpated Energy Sources up to 2020

815(440) MW

YEREVAN TPP
Old Units

New Unit
HRAZDAN TPP
Old Units

Newr Unit 5
ABMENIAN NFP
Old Unit

New Unit
EXISTING HPP-s
Sevan-Hrazdan Cascade
Vorotan Cascade
Small HPP-s

NEW BENAWEELE
Small HFP-s
Shnoch HPP

Megry HPP
Loriberd HPP
Wind Farm

MW

2010

&8I0

242

810

440

2011 2012 2013 2014

Figure 2.27 Armenia i generation expansion plan

Table 2.3 17 Armeniai Demand Forecasts

2015

2016

2017

2018

209 2020
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Item Scenam | 2010 | 2011 ] 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
cereration forl LY 6653 | 6790 | 6929 | 7071 | 7216 | 7364 | 7460 | 7550 | 7640 | 7732 | 7825
ikl Reference | 6981 | 7240 | 7507 | 7785 | 8073 | 8372 | 8548 | 8727 | 8906 | 9084 | 9257
Needs (GWh) | High 7497 | 7816 | 8148 | 8495 | 8853 | 9225 | 9502 | o787 | 19°° 1238 1259
Domestic Low 4987 | 5107 | 5229 | 5354 | 5482 | 5613 | 5705 | 5792 | 5881 | 5971 | 6063
Consumption | Reference | 5240 | 5454 | 5676 | 5907 | 6147 | 6398 | 6555 | 6717 | 6879 | 7041 | 7200
(GWh) High 5635 | 5898 | 6172 | 6459 | 6758 | 7069 | 7309 | 7557 | 7813 | 8077 | 8351
Gross Peak | Low 1528 | 1559 | 1591 | 1624 | 1657 | 1691 | 1712 | 1733 | 1753 | 1774 | 1795
Demand Reference | 1582 | 1636 | 1692 | 1750 | 1809 | 1870 | 1904 | 1938 | 1971 | 2004 | 2035
(MW) High 1684 | 1747 | 1813 | 1880 | 1950 | 2022 | 2072 | 2123 | 2175 | 2228 | 2282

Source: The006 Updated Least CoGeneration Plan (LCGP). USAID ERP0-03-0000800, Task Order 800 /Armenia Program to
Strengthen Reform and Enhance Energy Security in Armenia/ PA Consulting Group

Table 2.417 Armenia i Import/Export balance plans

Iltem 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
DemEsle 5955 | 6190 | 6435 | 6690 | 6954 | 7229 | 7399 | 7572 | 7746 | 7920 | 8090
Consumption
Supplied to
Distribution
Company 360 380 420 480 540 600 600 600 600 600 600
from Small
HPP-s
Supplied to
Transmission
Network for 5680 | 5899 | 6107 | 6304 | 6512 | 6730 | 6902 | 7079 | 7255 | 7431 | 7604

Domestic
Consumption
Import/Export
to Regional 2030 | 4568 | 4569 | 4568 | 5482 | 5482 | 6091 | 8122 | 8833 | 8832 | 8833
Market
* [ran 2000 | 3000 | 3000 | 3000 | 3900 | 3900 | 4500 | 4500 | 5200 | 5200 | 5200
* Turkey 0 1500 | 1500 | 1500 | 1500 | 1500 | 1500 | 3500 | 3500 | 3500 | 3500
* Georgia 0 0 0 0 0 0 0 0 0 0 0
NET

1084 | 1109 | 1135 | 1253 | 1281 | 1359 | 1580 | 1668 | 1686 | 1703
SENERATIO 8070 7 5 3 4 2 4 0 8 4 6

Source: Energgcientific Research Institute CISC" estimation based on "The 2006 Update@as&eneration Plan (LCGP)" reference
scenario and "Energy Sector Development Strategies in the Context of Economic Development in Armenia" adopted by thexGurfvernme
Armenia at June 23 2005
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Planned Network Reinforcements

Table2.5 shows planed network reinforcements in forthcoming period.

Table 2.51 Armenia - Planned network reinforcements

VOLTAGE| number | CAPACITY MATERIAL | CROS LENGTH
4 LEVEL of OR SECTION DATE OF
TYPE | SUBSTATION1 SUBSTATION: circuits limited [TRANSFORMER BR1|BR2[TOTALICOMMISSION ~ STATUS
units Aor TYPE
kV/kVv MVA A or MVA mm2 km | km | km
1 2 3 2 3 4 5 6 7 8 9 10 | 11 12 13 14
SS |AM Hrazdan TPF 400/220 2 2x500 | 2x500 2015 Under negotiation
OHL [|AM Hrazdan TPF| IR [Tavriz 400 2 2x1800 | 2x1900 ACSR 2x(2x500)| 332 | 100 | 432 2015 Under negotiation
OHL [AM [Shinuhayr AM |Ararat 2 220 1 1100 1400 ACSR 2x300 90 | 80 | 170 2014 Under negotiation
OHL |AM Hrazdan TPF| GE Ksani 400 1 1100 1400 ACSR 2x300 | 90 | 80 | 170 2014 Under negotiation
SS |AM |Agarak 2 220/110 1 63 OoTC 2015 Under negotiation
OHL [AM |Agarak 2 AM Agarak 1 110 1 ACSR 2014 Under negotiation
SS |AM |Noravan 400/220 2 2x200 2015 Under negotiation
OHL [AM Noravan AM ?'rpa;dan 400 2 1445 ACSR 2x300 2015 Under negotiation
NPP Hrazdan o
OHL (AM Medzamor AM PP 400 2 1445 ACSR 2x300 2015 Under negotiation
1. Type of project (OHL- overhead line, k kable, SK- submarin kable, SSsubstation, BB back to back stem...)
2. Country (ISO code)
3. Substation name
4. Installed voltage (for lines nominal voltage, for transformers ratio in voltages)
5. number of circuits/units
6. Conventional transmission capacity of elements for OHL in Amps, for transformers in MVA
7. Conventional trasmission capacity limited by transformers or substations
8. Type of conductor or transformer (ACSRIuminum Cross sectionSteel Reinforced, or code of conductor,-RfBase shift transformer...)
9. Cross section (number of ropes in bundle x csastion/crossection of reinforcement rope)
10. Length till border of first state
11. Length till border of second state
12. Total length
13. Date of commissioning (estimate)
14. Status of project (Idea, Feasibility study, Construction, Damaged, out of s@em@Enmissioned)
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Table 2.6 T Armenia - Planned new generation units
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©CoOoNOOA~WN

VOLTAGE DATE OF
LEVEL CAPACITY COMMISSIONING
TYPE SUBSTATION1 kV kv MW | MVA year STATUS
1 2 3 4 5 6 7 8 9

CCHP | AM | Yerevan TPP new unit 18 110 208 240 2009 Tenderng

TPP | AM | Hrarzdan TPP unit5 15.75 220 440 510 2009 Partly Constructed
NPP AM | NPP Medzamor 24 400 2x500 | 2x588 2017

HPP | AM | Shnoch 75 85 2017

HPP AM | Megri 140 165 2017

HPP AM | Loriberd 60 71 2017
SHPP | AM 140 189 2010

WPP | AM 200 220 2012

Type of plant (HPR Hydropower plant, TPPThermal power plant, PSHRRPump Storage Hydro Power Plant, CCHPombined Cycle Heating

Plant...)

Country

Substation name

Generator voltage level

Network voltage level

Installed actie power

Installed apparent power

Date of commissioning (estimate)
Status of the project (Idea, Feasibility study, Construction...)
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Bulgaria

Power transmission network of Bulgaria consists of 400 kV, 220 kV and 110 kVHigese2.3 shows
the map of the Bulgarian network afidble2.7 shows the main data regarding the Bulgarian transmission
network.

Installed generation capacity comprises about 5400 MW of themita] 2000 MW of nuclear units, and
2600 MW of hydro units. Thermal power plants produce about 50 % of the total energy, nuclear units
produce about 40 %, and hydro units cover 10 %.

Table 2.7 1 Bulgaria - network overview

lines transformers
Length of the
Vot | ovemead nes| Vot | eled
and cables
(kV) (km) (kV/kV) (MVA)
400 2451 400/x -
220 2805 220/x
110 9954 110/x -
total 15210 15888

Figure 2.3 1 Bulgaria - network map
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