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ABSTRACT

Thesis Title: Resilience Analysis of the Future Bosnia and Herzegovina’s Transmission Grid

Key words: Transmission system, Congestions, High-Temperature Low-Sag Conductors, Phase Shifting
Transformers, Optimal Positioning Methodology

Driven by the deregulation of power utilities, power lines are nowadays used to send more electric energy
through longer distances to end consumers, compared to previous decades. Transmission system operators within
interconnected electric power systems import and export not only electricity, but also transmission grid related
problems.

The research goal is to propose a generalized approach and methodology for the integration of those
technologies, as well as to identify the optimal set of location of a phase shifting transformer for the potential
use within an interconnected system.

The focus of this thesis is to identify the transmission system weak spots in Bosnia and Herzegovina. Secondly, the
goal is to determine the technologies that can be used to improve this grid. Thirdly, to propose approaches for
the solution of the identified issues. Finally, a financial overview is given, as an additional input for relevant
institutions when performing further financial analyses with the goal to identify the key economic impacts of the
proposed technological solutions.

With regard to the selection and use of advanced technologies, the most important outcomes are: the
evaluation methodology to be used for determination of phase shifting transformers installation location and the
identification of potential applications for advanced conductors. The mentioned outcomes are demonstrated in

case studies on the example of Bosnia and Herzegovina’s transmission grid, as part of larger interconnected
ENTSO-E system.



THESIS OUTLINE

Case Study #1

Evaluation Matrix for PST Installation in Bosnia and
Herzegovina

Case Study #2

Impact of Gradual Replacement of Old Conductors
with HTLS Technology

Case Study #3
ACCC as a Solution for Wind Integration
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OPTIMAL LOCATION IN POWER SYSTEM
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The figure shows a generalized overview of the proposed methodology using
evaluation matrices with weighting factors as a way to determine the optimal location
of PST installation within an interconnected power system. As explained below, the
number of categories can vary depending on the specificity of the installation, stage

100 %

of the project, available data and other requirements.
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CASE STUDY 2:
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ANALYSIS SCENARIOS

Power flows analyses were performed for a total of 8 scenarios:

Base Case - This scenario is the reference case for all further analyses. In this model, all the
lines were modeled as ACSR conductors.

Scenario 1 - ACSR lines aged 60 to 70 were are replaced with relevant ACCC conductors.
Scenario 2 - ACSR lines aged 50 to 70 years are replaced with relevant ACCC conductors.
Scenario 3 - ACSR lines aged 40 to 70 years are replaced with relevant ACCC conductors.
Scenario 4 - ACSR lines aged 30 to 70 years are replaced with relevant ACCC conductors.
Scenario 5 - ACSR lines aged 20 to 70 years are replaced with relevant ACCC conductors.
Scenario 6 - ACSR lines aged 10 to 70 years are replaced with relevant ACCC conductors.

Scenario 7 - ACSR lines aged 0 to 70 years are replaced with relevant ACCC conductors.
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WIND POWER IN 5 e o
BOSNIA AND
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Tomislavgrad — Posusje ACSR HAWK 240/40 mm? 122 MVA
Tomislavgrad — Livno ACSR HAWK 240/40 mm? 122 MVA
Tomislavgrad — Rama ACSR HAWK 240/40 mm? 122 MVA
Tomislavgrad — Kupres ACSR HAWK 240/40 mm? 122 MVA



ANALYSIS

CASES

Case A — WPP operating at maximum installed capacity, ACSR conductors in all relevant 110 kV lines.

Case B — WPP operating at maximum installed capacity, ACCC conductors in all relevant 110 kV lines.

Case C — WPP operating at maximum installed capacity, ACSR conductors in 110 kV lines Tomislavgrad — Kupres and Tomislavgrad —
Posusje, ACCC conductors in 110 kV lines Tomislavgrad — Livho and Tomislavgrad — Rama.

Extension 1 — New single 220 kV ACSR line Tomislavgrad — HPP Rama, with one 110/220 kV power transformer at Tomislavgrad with
installed power 150 MVA.

Extension 2 — New double 220 kV ACSR line Tomislavgrad — HPP Rama, with two 110/220 kV power transformers at Tomislavgrad with
installed power 150 MVA (per transformer).

SCENARIOS ASSUMPTIONS

Base Case — to determine the flows prior to any changes initialized The following facts and assumptions are taken into account:

in the following scenarios All existing 110 kV lines from Figure 6. are type ACSR
Scenario 1 — Case A HAWK.

Scenario 2 — Case A + Extension 1 In the scenarios including reconductoring, ACSR HAWK is
Scenario 3 — Case A + Extension 2 replaced with ACCC LISBON.

Scenario 4 — Case B Wind power plants on the four lines are aggregated and
Scenario 5 — Case B + Extension 1 represented as one power source per line.

Scenario 6 — Case B + Extension 2 Hydro power plant Rama is operated close to the
Scenario 7 — Case C maximum installed capacity (2 units at 75 MW).

Scenario 8 — Case C + Extension 1

Scenario 9 — Case C + Extension 2




ANALYSIS RESULTS
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RESEARCH QUESTIONS

What are the resilience constraints of the future Bosnia and Herzegovina transmission
gride

How can these constraints be addressed by using advanced technologies

What are the qualitative and quantitative factors for defining the optimal location of
phase shifting transformers (PST)

What quantitative algorithm/methodology can be used to determine the optimal location
of phase shifting transformers (PST) within an interconnected electric power system?

To what extent can the replacement of old lines with composite lines (High-Temperature
Low-Sag, i.e. HTLS) improve the system from a technical perspective?

Can new conductor technologies help (and to which extent) increase renewable energy
source penetration and integration?

Which are the financial impacts of replacing old transmission lines with composite lines?

What recommendations could be given to relevant authorities in charge of energy
policies related to transmission system operation in order to improve the system’s
resilience?



SUMMARY

In accordance with the best practice of scientific work, and in order to achieve the
research goals, several scientific methods have been applied which can encompass the
overall complexity of the problem related to the analysis, modeling, and research of
transmission grids resilience:

Evaluation of the current state-of-affairs and the identification of issues,

Assessment of available and published literature referenced to the implementation of advanced
transmission technologies,

Comparison of different advanced technology,

Modeling of interconnected power systems,

Creating algorithms describing the involved processes,

Automating calculation procedures through complex multi-language programming skills,
Creating questionnaires for evaluation purposes,

Creation of a code list matrix for modeling system studies with different data inputs,
Gaining operational experience from field trips and interviews,

Report creating.
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