Managing variability — key to a renewable energy future
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The Centre for Renewable and Sustainable Energy Studies was established in 2007 to facilitate and stimulate
activities in renewable & sustainable energy study and research at Stellenbosch University.

The Department of Science and Technology has been funding the Energy Research Programme (ERP) at
Stellenbosch University since its establishment in August 2006.

Stellenbosch University was designated as the Specialisation Centre in Renewable Energy as part of the Eskom
Power Plant Engineering Institute (EPPEI), focusing primarily on the integration of renewable energy
technologies into the national electricity grid, and includes the Eskom Chair in Power System Simulation.
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The traditional power system 5 STELLEN

* One of the largest and most complex machines ever built

power plant transmission lines carry
generates electricity electricity long distances

distribution kines carry

\ransformer steps before it enters houses

neighborhood
up voltage for transformer steps
iransmission down voitage




The future power system q

variability

Ive:ria bilzti/

noun
1.lack of consistency or fixed pattern; liability to vary or change.
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Roadmap

PERSPECTIVES

Distribution utility = System operator

End-user (rooftop owner) (e.g. municipality) (e.g. Eskom)
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Solar resource q
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South Africa total installed PV: ~2 (1.5+0.5) GWp

Germany total installed PV: ~40 GWp Total electricity capacity: ~50 GW

Total electricity capacity: ~200 GW
2018 Draft IRP PV by 2030: ~10.6 (8+3) GWp




Solar resource S oo

Global horizontal irradiation South Africa
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GHI (kWh/m2)

Solar resource for Cape Town

Historic total yearly solar iradiation at site
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PV basics
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PV basics - materials

Mono-crystalline Poly-crystalline Amorphous thin-film
13% - 22% 11%- 18% 6% -12%



PV basics - orientation
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PV basics - orientation
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PV basics - orientation
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PV basics - shading
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PV panel voltage vs. output power
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PV system configurations

Yearly energy
(kWh/m2/year)
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PV & hybrid system configurations 5

Dirty PV panels: 5%

PV panels String mismatch: 2%

DC DC cabling: 2%

Inverter Inverter losses: 3% - 6%

AC

Eskom Load

AC cabling: 2%

System availability: 98%




PV losses
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System sizing

kWh / month
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System sizing

50 kWp solar PV:

kWh / month

60,000
50,000
40,000
30,000
20,000
10,000

Energy confributions from PV array

M

O N D

UNIVERSITEIT
STELLENBOSCH
{ UNIVERSITY

m From PV array
®m From Eskom

m PV exported 1o
Eskom




System sizing
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100 kWp solar PV:

kWh / month
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Limited financial benefit...

Energy contributions from PV array
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Batteries to increase self-consumption

100 kWp solar PV:

Energy contributions from PV array
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Storage — technical aspects governing ROI Q

* Lead-acid versus Li-ion?
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Roadmap

PERSPECTIVES

Distribution utility = System operator

End-user (rooftop owner) (e.g. municipality) (e.g. Eskom)
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PV and batteries on distribution networks

PV on distribution networks increasing

-,
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— 85% of PV capacity in Germany is produced by installations < 1MW
— 98% of installed PV (¥40GW) connected to LV and MV networks

Batteries and electric vehicles on LV and MV increasing
— Eskom currently rolling out 360MW / 1440MWh batteries

PQRS Estimated South African SSEG Capacity

Verified
Installation | Estimated growth
Year s (kWp) per year (kWp)
2010 465 1107
2011 877 2 090
2012 1339 3090
2013 9561 22 784
2014 11209 26713
2015 43 570 103 831
2016 50 355 120000
2017 136 000
Total 415 615

SSEG PV: 415MWp by end 2017

Installed kWp

Sector PV SSEG growth per province
(Gnd tied, hybmd and backup)

I Sparks fly
Battery electric vehicles, worldwide
Bottery cost. €/kWh Penetration, %
1,000 il 25

800

600

2009 15 20 25 30
Sources: Exane BNP Paribas; UBS




Safety on the future distribution network L‘*S

* Distributed generation and storage increases the risk of
“islanding”: where islands of power remain after technicians
have switched off network sections

Switched off | Continue to

by technician | operate as “island” Electric Vehicle (EV)
. Battery Storage System
Charging e
Customer with Rooftop PV j (EV Discharge)

, . 7
1 g oy
A S V=S A Y-\

MV/LV|Substation L'_‘J

ﬁ
BN d BRE N @x‘ 2
e T (0 e
Battery (Sto\rage System
(Solar Energy Storage)




Safety on the future distribution network 5 fLL

All installed LV inverters must

be certified against this
:/ standard
4

NRS 097-2-1:2017
Ettem 2

GRID INTERCONNECTION OF EMBEDDED
GENERATION

3lly ang s
5 ’HCIUde'
PART 2: SMALL-SCALE EMBEDDED i
GENERATION

SECTION 1: UTILITY INTERFACE

Thiz documaent s nat 3 Seuth African National Standard
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Focdar Voltages

QoS on the future distribution network &;S

* Traditionally current flowed in one direction: from power

stations to loads

— Networks designed to maintain voltage and currents within specific
bounds

MV/LV Substation /\ /\-'I\ /\

i i | > ]

L L L L
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Feodor Voluages [pw
Feoder Voltages [pu)




QoS on the future distribution network q

e Future flow bi-directional: impacts difficult to model / predict

Electric Vehicle (EV)
Charging

Battery Storage System
(EV Discharge)

Customer with Rooftop PV

MV/LV Substation |_I"L|

Battery Storage System
(Solar Energy Storage)

Feeder Maximum
Feeder Maximu

100 150 2N 250 L it i - P
PVDGrated FeederMD "] PVDGrated FeederMD [%)



QoS on the future distribution network 5 N

* Short-term solution: simplified connection criteria limits PV
installation size All LV PV installations limited

to these sizes (unless further

study is done by customer)
SN A NRS 097-2-3:2014
Service cm:u;t
-bre :
aker sizq NMD
m &
80 A 4.6
i T
GRID INTERCONNECTION OF EMBEDDED 184
GENERATION
Part 2: Smali-scale embedded generation

Section 3: Simplified utility connection criteria
for low-voltage connected generators

The Bt B e Be S ) R AT e et




QoS on the future distribution network &;S

* Long-term solution: intelligent inverters that automatically
assist the network to maintain QoS

Electric Vehicle (EV) ) )
Chisgiig Battery Storage System

Customer with Rooftop PV (EV Discharge)

J 0l _
, L4 T
MV/LV Substation @L;LI\ {ﬂJ\ﬁ /U.Da

=G A BRZ
? =
WY 1t Ind
Battery Storage System
(Solar Energy Storage)

Inverter monitors point of
connection, and adjusts
reactive power accordingly
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Distribution utility = System operator
(e.g. municipality) (e.g. Eskom)
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Ensuring system stability 5

* In electric power systems a direct interdependency between
supply and demand exists: no buffers

— traditionally little control over demand, so supply must be controlled,

or “dispatched”

Factory

U/
3 | No buffer ’ a\

SUPPLY DEMAND

Buffer

Distribution End Customer




Ensuring system stability ES

Optimal dispatch complicated by variable renewable energy
(VRE)

— VRE definition includes both variable (predictable) and intermittent
(non-predictable) variations

Electricity generation* and consumption® in three sample weeks, 2023

February 2023 August 2023 November 2023
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Fraunhofer IWES (2013) * Modelling based on 2011 weather and load data




Ensuring system stability
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Only at higher levels of penetration does power system
stability become a challenge

Constrained Transmisdon Network

Constramed Flexbility

Constrained Inertia
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Ensuring system stability Q
* As VREs increase, forecasting becomes a critical aspect

Decentralised Centralised

Governor and inertial
response

Automatic E ic di h _ _
generation control conomic dispatc Unit commitment

Control
action

Temporal
decomposition

Random fluctuations within 10-minute interval 10-minute updated load forecast Day- and week-ahead load forecast

| | | | | »
I | I |

| >
10ms 10s 10 min 1hr

Months
Time scale



Ensuring system stability

IS

Grid code and Integrated Resource Plan allocations also

become critical

INTEGRATED RESOURCE PLAN 2018
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S0 Installed Capacity

Committed / Already Contracted Capacity

I New Additional Capacity (IRP Update)
i Embedded Generation Capacity ( Generation for own use allocation)

Table 7: Proposed Updated Plan for the Period Ending 2030
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Ensuring system stability

* Understanding of the
aggregation effect of siting of
Independent Power Producers

Fig. 923 Spatial distribution of solar photovoltale site clusters obtained using Ward's method for 17
clusters.

Summer Autumn Winter Spring

2000-

Average Power [kKW]

0 6 1218 240 6 12 18 240 6 12 18 240 6 12 18 24
Time of Day (24:00)

Fig. 2.14  Spatial disteibwsion of wimd site clusters obtaimed pring Ward's method for 69 clusters,
Cluster 3: 10 Sites




Other system operator challenges

* Optimal dispatch not the only challenge...

’ | Generation
. Short term
Tertiary reserve scheduling adequacy
sy (e opanon | (R
(NS alancing) storage planning) Y.
Pri (AGC &
rlt;ls?fv:ey regulation) Emission
(governor Market dispatch
response) & |
inertial
Thermal plant
response cyclinz
Transmission Grid
b t.a.ge efficiency adequa
I stability quacy
Transient
stability Congestion
Sub synchronous (rotor angle) management
interaction )
i |
e q_uallty Fault level &
(Harmonics and rotection
flickers) | p

Time constant/ time period
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Conclusions

TRADITIONAL
POWER SYSTEM

FUTURE
POWER SYSTEM

1S

For a successful transition

— Manage variability through:
* Improved technology & data analytics
* Updated regulations and standards

— Continuous dialogue between stakeholders
are key

* Academia — Industry collaboration

EPPEI specialisation centre in RE

Eskom chair in Power System Simulation

Scatec Solar chair

Muncipality — University forum




Questions?

Dr Bernard Bekker

Associate Director

Centre for Renewable and Sustainable Energy Studies | Faculty of Engineering
Universiteit Stellenbosch University

e: bbekker@sun.ac.za | t: +27 21 8084041 | c: +27 82 581 5004
a: K406, CRSES, 4th floor, Engineering Knowledge Centre, 155 Banghoek Rd, Stellenbosch
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