SIEMENS

All Island TSO Facilitation
of Renewables Studies S@ NI

EIRGRID

Work Package 1 : Technical Studies

Steve Stapleton

Dr Soon Kiat Yee, Nemanja Krajisnik, David Hughes

Siemens Transmission and Distribution Limited i Siemens PTI

10t June 2010 @ Crowne Plaza, Dundalk



SIEMENS
Content

Introduction + Overview of Tasks & Objectives
Methodologies & Assumptions

Input Data & Model Development

Analysis Environment

Analysis Performed for Each Task

Example Results

Conclusions & Recommendations

Page 2 10" June 2010 Siemens PTI



| SIEMENS
Introduction

All Island TSO Facilitation of Renewables Studies

Work Package 1 : Technical Studies

A series of technical studies
Intended to inform future operation of the system
by facilitating increased understanding
of the behaviour of the power system

with large amounts of wind generation
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Study Tasks 1 |

Task 1.1 : Dynamic, Transient and Small Signal Stability
Assess dynamic, transient and small signal stability issues with
Increasing wind power generation

Task 1.2 : Short-Circuit Levels
Determine the impact on short-circuit levels with increasing wind power
generation and consequent reduction in conventional synchronous
machines

Task 1.3 : Network Loading
Determine the impact on transmission network loading with increasing
levels of wind power generation and geographic variances in wind
production
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SIEMENS
Study Tasks 1 |l

Task 1.4 : Reactive Power and Voltage Control
|dentify reactive power requirements/capabilities and voltage control
methodologies in order to ensure adequate voltage stability and control
with increasing wind power generation

Task 1.5 : System Flexibility Requirements
Statistical analysis to determine the requirements & potential
performance of the power system, incl. reserves and ramp rates, with
Increasing wind power generation
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Study Tasks 1 |l
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High-Level Methodology

O0Snapshoté6 approach studied combi
4 load: summer min & max, winter min & max
5 wind: 0%, 25%, 50%, 75%, 100%

5 export/import: zero, £500MW, £1,350MW

) WIMAX
S0% 8% 100% a0

3000 4000 5000
Ping M)

60+ different (& feasible) wind/I
were studied

In addition, for some tasks, were other variables:
windfarm technology split
windfarm connection level
load modelling approach

resulting in hundreds of distinct sensitivity scenarios
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Study Assumptions

Comprehensive Assumptions provided, covering:
System demand/energy requirements
Plant portfolio & generation dispatches
Installed capacity & location of renewables
Transmission system topology
Interconnections & HVDC
Operating standards and requirements

Other modelling assumptions proposed, discussed & utilised:

Network topology changes
Baseline reactive power support & voltage control

Wind generator modelling
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Input Data & Model Development

Generation Dispatch

System Load

ROI & NI Data

Interconnector Flows

(steady-state & dynamic)

] —¥— Automation
2009/10 Network ; vellekien | |
& 2020 éupyf & Checking
New wind generation & ) I
I Te i el Updates & Revisions

New 2x E-W HVDC
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Simulation/Study Environments

SIEMENS

wind & load data

study definition files

iInput models

automated data prep.
&

statistical analysis

Y automation (Python)

Matlab post-processingﬁ

+
Results

~Python post-processing

k

MS Excel post-processin{ﬂ

Results
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Task 1.1 17 Dynamic & Transient Stability

Dynamic & transient stability analysis
loss of generation, loss of load
transmission system faults
calculation of critical clearance times (CCTSs)

Results indicate:
high | evels of wind | ead to small
provision of reactive power during faults improves transient stability
recovery of active power post-fault impacts on transient stability
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Frequency, Hz
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Task 1.1 7 Dynamic & Transient Stability
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Task 1.1 17 Small-Signal Stability

Small-signal stability analysis

eigenvalue analysis > participation factors & modes
Results indicate:

qualitative conclusions only

Increase in wind improves the system damping
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Small-Signal Stability

Task 1.117
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Task 1.2 717 Short-Circuit Levels

Short-circuit level analysis

defined, automated process to G74

Results indicate:
S/C levels decrease with increasing wind power
S/C levels unlikely to drop to critically low levels
some already high S/C levels exist in zero/low wind cases

windfarm technology split & connection level have little impact

S/C results were also utilised in WP2 - frequency studies
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Task 1.3 17 Network Loading Analysis

Network loading analysis
loadflows investigating various — oo
wind patterns wdflon NS Nk

\ o
)

Results show: -
>110KV transmission system not overloaded '._'“‘*"fq
110KV transmission system may overload — H
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Task 1.3 17 Network Loading Analysis
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