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Introduction

East African Power Pool as other power Pools in the world aim at
getting benefits of developing interconnections between country
members.

Expected benefits among others are:

optimization of generation resources

increase in inter-country electricity exchanges, i.e. enhance
security of supply

reserve sharing, i.e. improve power system reliability
strengthen the network, i.e. improve stability

reduce operating costs by using low cost units first and avoid
unnecessary start-ups and shutdowns

development of a regional market for electricity.
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Introduction

Besides these benefits different challenges have to be considered.
These can be technical and non-technical. Let’s focus on technical.

Technical challenges

= Sufficient Generation to share

= Sufficient transfer capacity of interconnections

= QOperating rules of the interconnected systems

= Stability of the interconnected systems

= Voltage control and management of reactive power
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Introduction

A number of interconnections have been identified in EAPP master plan to facilitate the exchange of
power within the pool.

e Tanzania - Kenya 400kV

e Rusumo-Rwanda-Burundi-Tanzania 220 KV
e Ethiopia-Kenya 500 KV HVDC

e Uganda- Kenya 220KV

e Uganda- Rwanda 220 KV

* Etc..

Some of the interconnections are long distance lines (more than 300 km).
Such transmission lines can lead to operational issues that necessitate appropriate mitigating solutions.
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Technical challenges

» One of the main challenges of long distance HVAC transmission
lines are related to the management of reactive power generated
by the line.

230 kV Length 300 km 0.18 Mvar/km
50 Hz == ql)
LR /ZCTL 7Cq Lg

Example

= Fora230KkV line approximately 0.18 MVAR / km
= Fora400KkV line, approximately 0.6 MVAR / km

= Fora500kV line, can reach 1 MVAR [/ km
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Technical challenges

» Why controlling Reactive Power

When the length of the line is high, the reactive power
generated by the line can lead to instabilities and degradation
of the system performances. Therefore controlling the reactive
power is mandatory and will:

» Improve the voltage fluctuations (voltage drops and voltage
increases)

* |ncrease transmission system stability, capacity and power
quality

= Adjust voltage to user defined level;

=  Dampen power oscillations in network and avoid system
collapse

= Reduce transmission system losses
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Technical challenges

» Transfer capacity and Stability of the system: the transfer
capacity of the line is inversely proportional to the reactance of the

line, i.e. more the line is long less power can be transferred
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FACTS Solutions to enhance
Network Stability



FACTS Devices

Flexible Alternating Current Transmission Systems

» Therefore it is important to
control (compensate) the
reactive power for a good
operation of the network.

» Different alternatives exist:

= Fixed Shunt compensation
(reactors, capacitors)

= Variable shunt compensation
type SVC or STATCOM

= Fixed series compensation

= Variable series
compensation

= Combination of the above
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FACTS Solutions
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GE Innovative solutions to manage HV transmission systems

Technicai ¢

HVDC

Transfer Bulk Power
Infeed Urban Areas
Connect Off Shore Wind
Connecting Renewables
Interconnecting Grids
Multi Terminal

/

- If

-mul

ailenges

FACTS

* Increase Power Transfer
Capability

e Dampen Power Oscillations

* Manage Reactive Power

* Improve Short Circuit Power

DC Power

¢ HV Aluminium Plants
¢ MV Industrials
e Grid Congestion
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Series compensation

The idea of the FSC Is to shorten the electrical distance of the transmission line

S = compensation degree
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Series Solutions - Fixed Series
Compensation (FSC)

Description

Series Compensation is an integrated, custom-designed system that consists of
power capacitors arranged in series with the HV transmission line. The
capacitors are accompanied by a parallel protective system that will prevent
damage to the capacitors under power system events (faults)
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Series Solutions - Fixed Series Compensation

Key Customer Benefits:

Significantly increases the power transfer capability
of the line

Reduces line voltage drops in load areas

Shares the load more evenly between parallel
transmission lines

Improves steady state and transient stability

Reduce system losses

Minimal land requirements

Low environmental impact

Main Characteristics:

Always an optimized, tailor-made solution depending on
network data and tasks to be performed

All main equipment are inserted in series with the line and then

are at UHV/HV line potential, up to 1100 kV
— All main equipment are installed on an isolated to ground platform
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Fixed Series Compensation - Customer Examples

» Elecnor (Chile) - Alto Jahuel - 500 kV - 241
Mvar bank

» Scottish Power (Scotland) - 400 kV - 3 sites (4
banks) 2 x 560 Mvar & 2 x 442 Mvar

* ENARSA (Isolux, Argentina) - 500 kV, 378 Mvar
bank

» Beta Engineering\ SDG&E -500 kV, 449 Mvar
bank

* Cross Texas Transmission - Single site (2
banks) 715 Mvar each
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RTE SVC, France, +250 MVAr, 225kV

Confidential. Not to be copied, distributed, or reproduced without prior approval.

19



HVDC Solutions

Transmission, to connect power across great distance In case of long distance and large
power to transfer, HVDC
interconnection solution can be
C preferred

e Allows a complete separation

between two AC systems which can
operate at different frequencies.

< 100's Km > e Reduces the losses
e Enhance stability of the

interconnected system
Back-to-Back .. ¢+ (COst effective

: [ L1 Station
frequency changing AC — QQ DC ¥ AC
asynchronous connection 7y

T T L 1 T T

Pk

¢
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HVDC Solutions - Examples
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HVDC Solutions

27 September

~Aa A~

- Rio Medeira, Brazil:

- 3150 MW.

- 2375 km overhead
cable.
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HVDC Solutions - GCCIA Back-to-Back
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Software Solutions for Network Stability



GE DIGITAL ENERGY

RETIRING
WORKFORCE

CAPEX & OPEX
PRESSURE

Growing acceptance for
hosted & managed
solutions

ENVIRONMENT
Public Safety, Storm
Restoration, Changing
Weather, GHG

GRID
MODERNIZATION

More devices, more data

NEW SYSTEMS &

TECHNOLOGIES
DER, DA, AMI, Smart
Inverters,

Storage & Fuel Cells

Cor

DISTRIBUTED ENERGY
RESOURCES

CONSUMER
EXPERIENCE

Informing & empowering
the consumer with more
data, choices & better
engagement - social media

DEV OPS
Acceleration of time to value
via continuous integration &
deployment over traditional

waterfall IT projects

BATTERY
STORAGE

proval.
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End-to end, Integrated & Interoperable

optimum way to solve

optimum response

optimum solution

DER

NETWORK
LEVEL
OPTIMIZATION

GEOGRAPHIC
INFORMATION
SYSTEM



Introduction to Power Systems Stability

“The interconnected electric power grid is one
of the largest dynamic system of today”

Oscillations seen by SCADA and PMU data

» Numeric SCADA displays today

Rapidly changing digits on a
numeric display

e With synchro-phasors — high
resolution trend display

Western Interconnection Frequencies - August 4 2000 Oscillation

Grand Coulee
Malin
Devers

Time (sec)



Issues to Address

Improvement of the power system security

Identify the source of the instability

Power system dynamics risk assessment

Early warning of potential blackouts

Management of islanded situations and resynchronization
System Disturbance Management

Transfer constraint relief

Increasing the stability limits of existing assets, maintaining the security.



System Monitoring and Control Timeframe

Fault Phasor-Based Wide Area Measurement
Protection (WAM) & Automated Control Control Room EMS/WAMS

15+ min Operator Dispatch Human Response

<1-200ms 1200ms-3s Wide-Area'} Defence

'i 3-30s Automated Dispatch

Extended
WAMS

l

20+ ms

s

Short-Term Voltage Stability

Area Transient Angle Stg
Generator Transient Stability
-ntial Fault Protection

A 4

Prime mover & long-term dynamics

Frequency Stability

Electromechanical Oscillatory Stability

Sub-Synchronous Resonance / Torsional Interaction / Control Interaction

Long-Term Voltage Stability

'Phenomena & Monitorin'g / Control Timeframes

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1



WAMS - EMS integration for Network
Management
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J——————
/
/ Self-healing, self-provisioning
// & extensive autonomous
_____ operations with limited
/ human intervention
LEVELO2 //
PREDICTIVE /
) ——— / Al driven app optimization &
LEVEL 01 / orchestration from edge to
REACTIVE + / cloud to prevent & minimize
RESPONSIVE / extent of outages.
/

Model true demand & generation,

predict impact of generation

intermittency on network stability,

capacity and failure
Waiting for a power loss to analyze .
stability issues elevate every facet of your network operation
WAMS Improve Situational awareness
» Fault location
» Power restoration process
» Model quality
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ADVANCED EMS
EMS - WAMS

Impact of phasor analytics

Full EMS WAMS OPERATIONAL INTEGRATION

apps into further
optimization and risk
reduction

Energy Network Visibility at WAMS resolution
Impact of phasor apps

into existing apps Unlocking Network capacity ensuring Grid stabilit
(hybrid apps) and Predictive 8 P y g %

K utilizati . » :
e EMS ute st Guidance Preventive stability assessment with WAMS
and DSA Look Ahead

Impact of , )
pr::::;rc(;ntrol on Enhanced Operation with WAMS controls

EMS fast Monitoring ; - N ;
automation and Reactive Capacity, Efficiency Utilization and Business
monitoring Optimization with WAMS Predictive Analytics

Operator training with Dynamic DTS




Advanced EMS WAMS

4
0 Real Time O

@ Predix

Sub Synchronous oscillation
’ Cloud
_ GRID

2 Analytics STABILITY

Advanced analytics PACKAGE

WAMS Digital

3 Control _

Wide Area closed loop control AWAREN ESS Sel‘Vl ce

Fast Frequency Response

Awareness o 2 3W'd Area Control

EMS-WAMS unified Situation . . . . . ide Area contro
Engineering Analytics .

AWArENess Real Time Operations 8 8 y Automation

@ WAMS as a service
Predix WAMS - A cross boundary

enabler with Big Data analytics Digital Energy G
capabilities _
AEMS

Cross value Non GE
components ‘ EMS




WAMS APPs in EMS




app: WAMS Alarms in EMS

Oscillatory Stability
WAMS alarms managed within

* Mode Damping/Amplitude Thresholds
S e EMS Alarm Management System

Islanding

Disturbances

e General Rate of Change

WAMS Information in EMS displays

Magnitude Threshold Violations







app: Angle-based Grid Management

Holistic Approach to Angle-based Grid Management

Transforming WAMS angle-based MONITORING into OPERATOR GUIDANCE
Correction

Contingency

Prediction
ay .f‘.

Angle Monitoring

Dynamic/Static

5 Limit (DSA Tools)

KEY BENEFITS

- Independent of State Estimation function (measurement & topology based approach).
- Capable of making recommendations for corrective control actions.

Observe e Analyze e Predict ¢ Correct



app: Islanding Management and Resynchronization

Concept Benefits
PMU-based methods to quickly detect an islanding Real-time a‘Ierts/a'Iarms., on islgnding condi‘tion.
condition, and assist with the re-synchronization process. . Visually identify the islanded fegeins.
Model-based topology processing to identify the islanded Localized frequency‘and angle m-easurem.ents to assist with
boundaries, and generation/load resources in each island. the re-synchronization process (i.e. enabling the check-sync

relay to ensure successful reclosure).




app: Islanding Management and Resynchronization

Detecting and Managing

File Mavigate

Multiple Islands

E - DISP_ISLANDM,QKNET[DTS]
HABITAT Applications  EMP Applications  Related Displays  Help
@-2-0-FEOME - -EE2gErvYm® - =3

DISP_ISLANDM,QKNET[DTS]

wxb4etp30a (E) Page: 1 - vapps_pds_wxb4det... -
T eECREYeEE@EEEEE ENEERR
wxB4etp3Da (E) Page: 1

Enhanced Island Management

disp_eim

'sland Monitoring

‘sland Interfaces

“~land Restoration

B ~U Measurement Data Last w.wated at: 02-Oct-2014 16:12...

SCADA Measurement Data Last Updated at: 02-Oct-2014 16:12:35
Summary of Island Formation:

ISLAND NO. OF NO. OF NO. OF

NO. OF
BUSES BRANCHES GENERATORS LOADS
1

67 77
Click for ST Info

E State Estimator Data Last Updated at: 02-Oct-2014 16:12:31
FREQUENCY CAUSE OF ISLAND FORMATION TIME OF
(Hz) EQUIP CHANGE I EQUIP ID I FROM ST I ISLAND FORMATION
€0.00
9 44 a

2
Click for ST Info

LNOPEN | T538 | DoOUGLAS | HANOVER
3
Click for ST Info

02-Oct-2014 16:05:11

BSSPLIT | cB=2021 | HEARN | HEARN 02-Oct-2014 16:12:31

Monitoring Islands

Detecting Island Formation and Suggesting CB controls for Island Detecting Island Restoration and
# Connected| =BActive Lpltnabled u\)@vvquetpjuiat§ Cause ReStoratlon ItS Causg

2013 3113240 5 | nabav@ Ao TP30A] |

Suggesting Island Restoration Restoring Islands




User Experience

Unified Situational Awareness Tool , ,
Small Signal Analysis

Islanding System and Local Modes




Dynamic Training Environment

Dynamic
Grid Simulator

Control Room
Training Environment

Integrated Dispatcher
Training System:

» Real-time simulator based
on Powertech TSAT

» Simulated data is fed
directly into PP as C37.118
streams

 Data is also downsampled
and sent to the EMS &
DSA Tools

* EMS integrated with
PhasorPoint and DSA tools

Dynamic Dispatcher Training Simulator (DTS)
utilizing Transient Stability Engine (PowerTech TSAT)

Advanced EMS N

Load Flow Simulation

A

Dispatch Control

Powertech TSAT

Environment

Downsampling Simulated
alarms C37.118 Data

ETV Engine

PhasorPoint
Training Server

Central PDC

Application
Services

Data Services

Operator in Training




Case Studies




Co-ordinate
50/60Hz
Interaction

Maintain Stable Manage Risk Respond to
Oscillations of Separation Disturbances







CAC
Senelec
(Senegal)

CAC
CIE
(Ivory Coast)

LDC

Sonabel
(Burkina)

CAC
GridCo
(Ghana)

CAC
EDG (Guinea)

CAC
TCN
((NIFLIE))

LDC
CEB

(Togo Benin)
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Managing different synchronous areas in one WAMS

Alarm history showing past activity



Managing different synchronous areas in one WAMS

L]
Summary of all area frequencies . . .
SENEGAL (Hz) MALI (Hz) NIGERIA (Hz) . Major inter-area angle dlfferences
49.999 50.000 50.000
o
)
3
GUINEA (Hz) BURKINA FASO (Hz) DELTA RoCoF (Hzs) o h | * h
5 ' ~ g '
49.993 50.000 -0.0000022 =
IVORY COAST (HZ) GHANA (HZ} EGEIN RoCOF (Hzfs} 19:03 19:04 19:05 19:06 19:.07 18:08 19:.09 TI:ﬁ:O 18:11 19:12 19:13 19:14 19:15 19:16 19:17
49.999 49.999 0.0000006 | newseries | AD-MANANTALIDARSALAM
19:02:20 §/22/18 00:14:59 19:17:19 8/22/15 |
(] (] [
—> seoune Major tie line MW flows
) DAR SALAM 200 | | |
—> DONKEA m: ) . . | )
—— oMsIGA | S .o o 7 o L
KONOUNE E‘ -200 [Ff’"‘
g " —_— Z -300
150 a VRIDL > 0
-500
-600
L'
-700 T
19:03 19:04 19:05 19:06 12:07 19:08 18:09 19210 19:11 19:12 19:13 19:14 19:15 19:16 19:17
Time
| —— o
-~ Major bus voltage phasors I oo | P




¥*~Oscillation Alarm

Oscillations due to switching events
\

/

Angle difference changes due to line trip






