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Overview

— Introduction

— Technical Specifications
Wiring code
— Interconnection specification
— Grid Code

— Simplified Connection Criteria
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Introduction

— Technical specifications:
— Overview of type of documents
— Why?
— What are key aspects for DG?
— Simplified connection criteria
— Grid Impact Studies
— What are they?

— Optional: further work

01/07/2026 4




g SUSTAINABLE “ %Y
ENERGY Y )
=F AFRICA

Important Technical Documents

— Grid codes (National) A.I\i.ger:;ee;t

— Wiring codes (National/Utility)

— Interconnection standards (National/Utility)
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Grid-tied feed in PV systems have PV
panels that are connected directly to an
inverter. The electricity it generates is used
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Utility interface or interconnection

kWh
Grid tied meter
inverter )

DC

Solar Panels
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Utility interface or interconnection

Local

Hybrid/Grid
Interactive Inverter

Charge controller

Solar Panels

Batteries
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Grid Code(s)

— Level playing field for all participants

— “Rules of the road” for generators and consumers

— G@Generation Code

Take care that
requirements for DG,
IPPs and Generation
align

— Transmission Code
— Distribution Code

— |PP or DG Code(s)
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TECHNICAL SPECIFICATIONS / STANDARDS

Wiring Code
(Electrical Installation Standards)
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Wiring Code (Electrical Installation Standards)

— General Electrical requirements
— Wire- or cableways
— Distribution boards
— Labelling

11
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Wiring Code (Electrical Installation Standards)

— Solar PV specific requirements
— Equipment standards
— Earthing and Bonding
— Protection (Overvoltage, Overcurrent, Reverse current, etc.)
— Isolation
— Monitoring
— Neutral Earth bonding/bridge
— Location of installation (To be included)

01/07/2026 12
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Examples of Wiring Codes
- Parts for PV (DG)

— NFPA 70: American National Electrical Code (NEC)
— Article 690 and article 705

— |EC 60364-series: International set of standards
— |EC 60364-7-712

— BS 7671: British Requirements for Electrical Installations
— Chapter 712

— SANS 10142-1: South African wiring code
— Pending (also adopted IEC 60364-7-712)

01/07/2026 14
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TECHNICAL SPECIFICATIONS / STANDARDS

Interconnection Specifications or
Standards
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Interconnection specifications:

— Interface requirements
* Requirements for the Utility
 Requirements for the Generator (devices and units)

- Safety

* Utility

* Device / generator
* Installation

— Metering
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Examples of interconnection standards

1) IEEE 1547 — American interconnection requirements for paralleling
distributed generation (DG) installations with electric power systems.

2) IEC 61727 International standard requirements for grid connected
photovoltaic (PV) power systems

3) EN 50549-series European Standard specifies requirements for inverters for
grid connected photovoltaic (PV) systems.
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Examples of interconnection standards

4) VDE 4105 German national standard with requirements for electronic equipment in
low-voltage installations, including inverters for grid connected photovoltaic (PV)
systems

5) NRS 097-2-series South African industry specification specifying utility interface
requirements for embedded generation on the LV distribution network.

6) UK ER G98 / G99 UK specify requirements for the connection of microgeneration
and embedded generation (including solar PV) to the distribution network.
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E C [u] E F G
Country - Recommendation - MRS03T-2-1(2017 Ed. 211 -
Type PPMs
Categorisation A1 Az A3 Al Az A3
(00kVA =P = country-zpecific]
Eswatini: 350 kW'
= i :
ar: 1000 kWA
Liberia: 2000 kW'
S e 10 Basedon 56 APP

Voltage operating range

Freq perating range capabil
operation
Fieq perating range capabil
operation

Rate of change of frequency

Synchronising to the IPS

b h d bili

Di .
(LVRT. HYRT)

Fast fault current i

Voltage phase jump

Over-Frequency Response

Reactive Power Capabilities

01/07/2026

E=watini: 1534 to 103
MozambiguelUgandaiMlamibialenyaiLiberialZimbabw elSenegal: £103 @ gen. terminal

43Hz - 51Hz

46Hz - 52Hz
Senegal 4THz - 52.5Hz

Esw atinifLesathoNamibialJaandalkenvalliberialZimbabwe: 1Hz!s for duration of 0.5s
Mozambique: 1.5 Ha's for duration of 0.5
MadagascarSenegal 1.25 Hzls for duration of 25 & 2 Hz!s for duration of 0,255

»B0s
W@ gen. terminal range: Eswatini => -1534 1o 1004,
MNamibia!MozambiquelllgandalkerualSenegaliMadagascar -» 104
Freqrange: 43-50.2 Hz [Senegal: 43-51Hz, Madagascar: 48.3-50.5Hz)
FarLiberia: after Smins. W @ gen. terminal range: 10 Fregrange: 43.8-50.2 Hz

ylalso HYRT)

n n ulonly MY-connected)

Ta withstand 2 sudden phase jump of up to 20 degree @ generator terminal

Esw atinil Mozambiquel UgandalkenyalliberialZimbabwe: v, thieshold at 50.5 Hz, disconnect at 52 Hz,
droop 45

Madagazcar y, threchold 2t 50.5 Hz, disconnect at 52 He, droop 3227

Mamibia: v, threshold at S1Hz, disconnect at 52 Hz, droop 2.677

Senegal: v, threshold at 50.5 Hz, disconnect at 52.5 Hz, droop 432

+-0.95 pf @ generator terminals, available @ 205 of rated power
Senegal: Additional requirements on reactive power capabilties outside the normal operating range

The 54 RPP Grid Code requirements will
owerride requirements of MRS far this
categon.

(=155 ta 1022]
Far Esw atini, threzhald exactly

Far Ezwatini, threshold exactly matches. matches.
47Hz - 50.5Hz 47Hz - 52Hz
niot specified
n & .

> B0s
Synch, Gen.: Af = 0.3 Hz, Voltage difference: 53 of nominal valtage per phase, Phase angle difference: 20 deqree
EG: W@ PO range: -155% ta 1052, Freq 7

T SR RFP B et enareormimmese RSt b e Brermalar i R i) Gtz
M HYRT
n n n
m m m

50.5-52Hz, droop 43
frequency > 52 Hz for longer than d =, cease to energize within 0.5 5.
For Mamibia and Senegal, the thresholds are different,

+-035@ 7
available @ 202 of rated power

+095@ 7
available @ 205 of rated power

x
*
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Colour coding:

Exceeds the country requirements

Exactly matches the country requirements
Only partially fulfills the country requirements
Does not fulfill the country requirements

19



' SUSTAINABLE 4]
ENERGY
' AFRICA

Proposed Interim Specifications

Country

Eswatini & Lesotho

Interim/Current Requirement
NRS 097-2-1 (2024/2026)

Long-term Objective

Transition to national certification based

on EG Interconnection Specifications in the

medium-term.

Uganda, Kenya,
Mozambique, Namibia,
Zimbabwe, Senegal

NRS 097-2-1 (2017, Ed. 2.1) OR
VDE-AR-N 4105 (2024)

Transition to national certification based

on EG Interconnection Specifications in the

short-term.

Liberia & Madagascar

VDE-AR-N 4105 (2024)
(Primary) OR
NRS 097-2-1

Transition to national certification based

on EG Interconnection Specifications in the

very short-term or periodic adoption of
evolved international standards.

01/07/2026
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Type-testing

Type
Testing

Draft

elEEE1541.1

e Compliance

Interface requirements
Testing. - No testing facilities in SA/Africa
- - Rely on international accredited
test houses

Compliant device 21
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Compliant Inverters: Approved Inverter list

CITY OF CAPE TOWN
ISIXEKO SASEKAPA
STAD KAAPSTAD

ENERGY DIRECTORATE
TYPE TESTED INVERTERSEQUIFMENT IN TERMS OF NRS 087-2-1 20260610
RS T2 1
Make Make (as on e-Services Mocal Irwerier | Equipment fype Test House Cerificate Certificale Report number Certificale Compliance numiber Comments
SSEG Appl Form) e valbd uni T 2007 224
Ed. 2 |Ed. 21| Ed 3
T n T e e ey TS

HER ABBR PYS-50-TL Grick-bied PV inverter TOV Rheinland 202000022 28 171 830 029 AK BO146345 0001 Yes connechon ko the ged vis an edemal cuslormer MYLY AL Feesln
ABg ABB PYS.80-TL-8 Grichtied PV ivertes TOV Aneinland 2020001 8 111 830 @28 AK B0146346 0001 Yes B are R ot e e e kil APV AL Wi
Ang ABB PS50 TL - SK Gricktied PV investes TOV Riveintand 20200122 28111 830 029 AK 60146346 0001 Yes e e v

Irrvarier rmary only B csed i slants sccoesing o Calegory A P00 EVA - TMWA and
L] ABE PS5 - 50 - TL - BX2 Gridtied PV inverter TOW Riheintand 2020001 28 111 830 029 AR BO146348 D001 Yes cormechon Iz e geed via an seemsl custorrer MWL AL rarslzrmes
ABS ABB FS100.TL Grictied BV inverter T Fneinltand 2019 13 28 110 523 038 AK 60144858 0001 Yes L R
T ABE REACT2UNG-3.5.TL it P irreerter TUW Rinesrland 20180187 28111 S8T (a3 AR BO1340EE 0001 Tes A roscrmun ol T REACT2 BATT sy b used in combsinaon with s sveries el
2 ] FERC T2 UR-E.0-TC Grid-tied PV irmerter T Rheriand SOETTT T 117 GAT GOT AR GOT3A062 DO0T Tes ‘A s ol B FEACTS BATT may b usad n et thin imwartan erat
Ang ABB TRICTHL50.0-400 Gricktie PV imvester T Rieinland 201800718 2 110 633 031 AK 60141064 0001 Yes T gy s
Afore AFORE AFIDK-TH Hybrid PV inverier grid-tied Inberiek H2ADERE ZI05001 2T SHA-D01 CN-PV-Z30282 Yes
Afore AFORE AFTGE-THE Hybrid P inwener gid-ted Interiek FOFETTFL) EA0B001 2T SHADOT P2 a0 =)
Afore AFORE AFIHTH Hybrid PV inverer grid-tisd Interek H2AOEDE ZI080012TSHA-001 GNPV R0 Yes
Ao RFORE AT THE Hybrd PV inverer gnd-tied Tnteriek FAFRI L FA0G00T 2T SHR-D0T F-Pv-2 s Tes
Afore AFORE AFTER-TH Hybrid P inwener gid-ted Interiek FOFETFL) EA0B001 2T SHADOT NP =)
Afore AFORE AFTTETH Hybrid PV inverer grid-tisd Interek HZADEDE ZI080012TSHA-001 GNPV R0 Yes
Ao RFORE AF20F-TH Hybrd PV inverer gnd-tied Tnteriek PO EA0G00T 2T SHR-D0T F-Pv-a0as Ves
Afore AFORE AFIEK-TH Hybrid PV inverier grid-tied Inberiek H2ADEAE ZI05001 2T SHA-D01 CN-P-Z30282 Yes
Alore AFORE AFIGR-SL Hybrid P inwener gid-ted Diekra FFTET] [ ] [T =
Ao RFORE AFI0R-TH Hybrd PV inverer gnd-tied Tnteriek PO FA0G00T 2T SHR-D0T P v-Zaias Ves
Afore AFORE AFIK-SL Hybrid PV inverier grid-tied Delra 202130 GOSR0ET. B0 BOSBOST.0IADC Yes
Afore AFORE AFIR-TH Hybrid P inwener gid-ted Interiek FOFETTFL) EA0B001 2T SHA-DOT NPV Za et =)
Afore AFORE AFBLTHP Hybrid PV inverer grid-tisd Interiek HZANDE2E ZI080012TSHA-001 GNPV R0 Yes
Ao RFORE [N Hybrd PV inverer gnd-tied Debra FFEIEI BOGE0GT 50 [ Tes
e AFRE AFARCET Huhnd PU inunrer arid-tisd Tirdoras EFIT T RIS T RIGATFCT OIS W

Source: City of Cape Town Approved inverter list
(https://resource.capetown.gov.za/documentcentre/Documents/Forms, %20notices, %20tariffs%20and%20lists/Approved%20
Photovoltaic%20(PV)%20Inverter%20List.pdf)

22
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Interconnection specifications:
Key aspects to cover

— Interface requirements
* Requirements for the Utility
 Requirements for the Generator (devices and units)
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Utility Compatibility

e
*‘l% = | 2)What is allowed?

i 170 I

CONTROL
W e

Summarise as:
&%_ 1)What to expect?

24
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What to Expect?

o 7

— Voltage, current and frequency
- EMC

— Power Quality

— Fault level

25
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What Allowed?

— Inject current - not voltage
— Voltage control (future requirements) may lead to instability

— Synchronise

— Operate within trip limits
— DC current and residual DC current
— Voltage and frequency

— Noislanding
— Out of phase reclosing 26
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What Allowed?

I‘! -

=/ Il
?I"U

— PQ contributions
— Flicker
— Voltage unbalance
— Harmonics and waveform distortion

— DC injection

27
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What Allowed?
‘! ; _@T = /= | § Applies at the
1 372000 I generator terminals!

— Power factor

— Typical values (South Africa based on international):

— Up to 100 kW pf > 0.98
— Between 100 kW and 1 MW pf > 0.95

— EMC / Mains signalling

28
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What to DO?

CONTROL

oy

— Safety disconnect unit

— Ensure disconnection
— Including Anti-islanding

— Redundancy

— Non-inverter — relays VDE 0126-1-1 certified

29
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- Summary of Technical Specifications

e Several standards, codes and specifications
* All have the same purpose

* Equipment
e Network
 |nterface

* Installation \ /

* Align and work together for a safe sustainable power system

30
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SIMPLIFIED CONNECTION CRITERIA

Grid Impact Studies

01/07/2026 31
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Grid Code Requirement

e Evaluate impact of generation on the network

* The utility is responsible for the network:
* Regulatory compliance
 Power quality
* Impacts on other customers
* Impacts on safety of people and equipment
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Grid Code Requirement
* Achieved by: Grid / Network / System Impact Study
* Major planning resources

* For small units, disproportionate effort

» Simplified Connection Criteria
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Simplified Connection Criteria

* Simplified “Studies”
* Per DG request
* LV network

* Smaller systems only

* Low penetration levels




; .
7 SUSTAINABLE
ENERGY g
J AFRICA
-

Simplified Connection Criteria

 Simplified Grid or Network Impact “Studies” mainly covers the DG Capacity
and Maximum Export to the grid relative to

* The supply point (NMD) capacity

* Considering shared or dedicated feeder customers
 The Feeder Capacity (Dedicated Feeder)

 MV/LV Transformer capacity

* MV Feeder Peak Load

* HV/LV Transformer capacity




HV/MV

HV EZ > MV feeder MEC = 15% of peak load
______ A e

AV < +4%

AV £ +5%

v

MEC = 75% UIC
NPR s UIC

Dedicated feeder feeder AV = +1%

[re]
p——

MEC < 75% UIC
NPR = UIC

42

-

MCC=1@ 25% of UIC

1
MV/LV -
@ Shared feeder feeder AV<S+1%  —
AV £ +5% [ v I E l@ l @
Total SMEC B
< 75% transformer A VR
rating :
v L

]

Source: NRS 097-2-3 (2023)

MEC =< 25% UIC
NPR = UIC
MCC =1 @ 25% of UIC

MEC < 25% UIC
NPR < UIC




HV/MV

HV EZ > MV feeder MEC = 15% of peak load
______ A e

AV < +4%

AV £ +5%

v

MEC = 75% UIC
NPR < UIC

:

icated feeder feeder AV = +1%

™y
[

MEC < 75% UIC
NPR < UIC
MCC <1 @ 25% of UIC

Sharga_q_feeder feeder AV £ +1%
I= =

AV £ +5% || [#] \

Total TMEC P
< 75% transformer Yy
rating
N s

R L

]

Source: NRS 097-2-3 (2023)
MEC < 25% UIC
NPR < UIC
MCC <1 @ 25% of UIC

MEC < 25% UIC
NPR < UIC




HV/MV

HV EZ > MV feeder MEC = 15% of peak load
______ A e

AV < +4%

AV £ +5%

v

MEC = 75% UIC
NPR s UIC

Dedicated feeder feeder AV = +1%

[re]
p——

MEC < 75% UIC
NPR = UIC
MCC<I@ 25% of UIC

42

Sharga_q_feeder feeder AV £ +1%

AV < +5% IE l@

Total TMEC Pt
< 75% transformer i Yy
rating i
v Y

]

Source: NRS 097-2-3 (2023)

MEC =< 25% UIC
NPR = UIC
MCC =1 @ 25% of UIC

MEC < 25% UIC
NPR < UIC




HV/MV

HV EZ > MV feeder MEC = 15% of peak load
______ A e

AV < +4%

AV £ +5%

v

MEC = 75% UIC
NPR s UIC

:

Dedicated feeder feeder AV = +1%

™y
[

MEC < 75% UIC
NPR < UIC
MCC <1 @ 25% of UIC

Sharga_q_feeder feeder AV £ +1%
I= =

AV £ +5% || [#] \

Total TMEC P
< 75% transformer Yy
rating
N s

R L

]

Source: NRS 097-2-3 (2023)
MEC < 25% UIC
NPR < UIC
MCC <1 @ 25% of UIC

MEC < 25% UIC
NPR < UIC




HV/MV

HV EZ > MV feeder MEC = 15% of peak load
______ A e

AV < +4%

AV £ +5%

v

MEC = 75% UIC
NPR s UIC

:

Dedicated feeder feeder AV = +1%

™y
[

MEC < 75% UIC
NPR < UIC
MCC <1 @ 25% of UIC

feeder AV < +1%
= ==

ha rga_q_fe eder

AV £ +5% || [#] \

Total TMEC P
< 75% transformer Yy
rating
N s

R L

]

Source: NRS 097-2-3 (2023)

MEC =< 25% UIC
NPR = UIC
MCC =1 @ 25% of UIC

MEC < 25% UIC
NPR < UIC
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Voltage

Voltage Profile

120
115
110

105

Voltage [%]
)
o

Base Case
95

90
85
80

0 100 200 300 400 500 600
Distance [m]
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Voltage

Voltage Profile

120

115

110

105

Base Case

Voltage [%]
=
o
o

Base +5%

85

80
0 100 200 300 400 500 600

Distance [m]
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HV/MV

HV EZ > MV feeder MEC = 15% of peak load
______ A e

AV < +4%

AV £ +5%

v

. MEC £75% UIC
Per feeder: MEC < NPR < UIG
25 % of Transformer

RGNS

Per customer:
Dedicated feeder feeder AV = +1% =
o MEC < 75 % of UIC

MEC <75% UIC | f\%
[aW)

NPR = UIC :
MCCsI@ 25% of UIC

Per customer:
MEC < 25 % of UIC

Transformer: S<75 %

AV < +5%

Total YMEC
< 75% transformer
rating

Per feeder:

MEC < 25 % of e < 250 Ue MEC < 25% UIC

NPR < UIC
Transformer NPR < UIC MCC <1 @ 25% of UIC

CHINS
S I




HV/MV

HV EZ > MV feeder MEC = 15% of peak load
______ A e

AV < +4%

AV £ +5% %7
Feeder: AV MEC <75% UIC [~
< -
<1% NPR < UIC ﬁ
. Per customer:
. Dedicated feeder feeder AV = +1% = o
1 | p—cON MEC<75%

MEC < 75% UIC
NPR = UIC
MCC=1@ 25% of UIC

Y

Per customer:
MEC<25%

Shared feeder feeder AV <

Transformer: S

<75% [ (] [
OR

<75% tra
rati

CHINS
S I

Per feeder:
MEC< 25 % MEC = 25% UIC NPR < UIC

MEC =< 25% UIC

<
NPR = UIC MCC =1 @ 25% of UIC
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Typical Daily Profile

Demand

1,2

0,8
0,6
0,4

0,2

00:00 02:24 04:48 07:12 09:36 12:00 14:24 16:48 19:12 21:36 00:00




AV < +4%

AV £ +5%

v

MEC = 75% UIC
NPR s UIC

Dedicated feeder feeder AV = +1%

[re]
p——

MEC < 75% UIC
NPR = UIC

42

-

MCC=1@ 25% of UIC

1
MV/LV -
@ Shared feeder feeder AV<S+1%  —
AV £ +5% [ v I E l@ l @
Total SMEC B
< 75% transformer A VR
rating :
v L

]

MEC =< 25% UIC
NPR = UIC
MCC =1 @ 25% of UIC

MEC < 25% UIC
NPR < UIC
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Simplified Connection Criteria

DG kW <= NMD / circuit breaker capacity

* DG max export kW <= 25% of NMD / circuit breaker capacity

e If max export > 4.6kVA, is it balanced across phases?

* Feeder cable max voltage rise <=1%

» Total DG max export on ALL LV feeders <75% of MV/LV transformer rating?
* Total DG max export on MV feeder <15% of MV feeder peak load?
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Criteria

HV/MV
HV / f\ >MV feeder MEC = 15% of peak load
T \ e T MVILV — p dtdfd
AV < 14% » ,X_<\ edicated feeder
vy
AV £ +5%

MEC =£75% UIC
NPR < UIC

MEC = 75% UIC

NPR < UIC e
MCC < | @ 25% of UIC -
MWLV 3 .

@vy

AV £ +5%

Total yMEC
< 75% transformer
rating

48




! SUSTAINABLE /€]

@)
AQCF “

OPTIONAL

Hosting Capacity

01/07/2026 49




/ /' SUSTAINABLE 4
AQCF % i
Hosting Capacity

* Grid or Network level T T T T T

« UPFRONT et L sk aippgaw
e Support simplified criteria “ : |

:
+
et

01/07/2026 50




//: h SUSTAINABLE
A QCF @g gy
Hosting Capacity

1) Grid or Network level A T e B

2) UPFRONT 3 H

* Maximum capacity for grid Tl ey
« And per network R " e
*  Where no problems 3 il

* Where will be problems D

01/07/2026

e —

*x
X
*
*

GET.transform

Transforming Energy
Sectors Globall ly

|
—
e

13,0+ 3

51



. “ .
Y ¥
4 ) *
*
W / CET.transform
4 Transforming Energy
lllllllllllllll

/\@ g»:« cequlateurs d\*;::o% (
‘ , 7 SUSTAINABLE £& )
| .. . / CI y{ ENERGY ﬂ( ‘L
. . Q = AFRICA Y

- Summary

— Technical requirements
— Grid codes
— Wiring codes
— Interconnection specifications
— Grid impact
— Grid / Network / System impact studies
— Simplified Connection Criteria
— Hosting capacity evaluation

— Align and work together for a safe sustainable power system
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