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2 DEFINITIONS

In this Code a word or an expression to which a meaning has been given in the Act, the Transmission
Grid Code [1], the Distribution Grid Code [2] or the Quality of Supply Standard [3], has that meaning
and unless the context otherwise indicates —

“ancillary services” means services supplied to the transmission company by generators,
distributors or end-use customers -

a) for the reliable and secure transport of power from generators to
distributors and customers;
b) to maintain the short-term reliability of the interconnected power
system;
c¢) and may include -
i the various types of reserves, black start and constrained
generation;
ii. operating reserves;
iii. black start and islanding;
iv. reactive power compensation and voltage control from units;
V. regulation and load following; or
vi. near 50Hz resonance control service;

“busbar” means an electrical conduit at a substation where lines, transformers and
other equipment are connected,;

“customer” means a person that contracts directly with a transmission or distribution
company for the provision of transmission or distribution services and may
include a generator, distributor or end-use customer;

“distribution” means the conveyance of electricity to a customer through a distribution
system which consists wholly or mainly of medium voltage [2] [refer to
chapter 1 part 1] and low voltage [2] [refer to chapter 1 part 1] networks;

“distribution means the electricity distribution network owned and operated by the
network” distribution company;
“distribution system” means an electricity network consisting of assets

(a) which may include substations, transformers, cables, lines and
associated equipment; and

(b) which are operated at medium voltage and low voltage;

“distributor” means a legal entity that is licenced to own, operate and maintain a
Distribution system;

“disputes” means unresolved complaints between parties that require intervention;

“eligible generator” has the definition given to it under the Namibia Market Code: The Modified
Single Buyer Market Rules [5];

“embedded means a unit, other than a co-generator, that is not directly connected to
generator” the transmission system, but to a distributor’s or an end-customer’s
electrical equipment;
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“end-use customer”

“frequency”
“generating unit”
“generator”

“grid code”

“Grid Code Advisory
Committee”

“grid following
inverters”
“grid forming

inverters”

“imbalance”

“information”

“installed capacity”

“interconnected
power system”

“islanding”

“market operator”

“maximum
continuous rating”

“metering”

“metering
installation”

“national grid
authority”

means users of electricity connected to the transmission or distribution
system;

means the number of cycles per second on the AC waveform;

means a device used to produce electrical energy;

means a legal entity operating a licenced generating unit or power station;
refers to any code made as a grid code under section 3(4) of the Act;

means a panel of stakeholder representatives constituted as contemplated
in the Transmission Code [1] [refer Chapter 2, Part 1] and tasked with the
review of the grid code amendments;

means grid-tied inverters operating as grid-following sources that track the
voltage angle of the grid to control their output;

means inverters that actively control their frequency output, making it
possible for them to naturally support the system frequency while sharing
a portion of the load change;

means the mismatch between the energy scheduled at a point of supply or
a generator point of connection and the actual energy metered at that point
of supply or generator point of connection over a scheduled period;

means knowledge that can be exchanged and always expressed by some
type of data stored and processed either electronically or otherwise;

means the sum of nameplate capacities of the generating units, whereas in
the case of solar PV plants this would imply the sum of the nameplate
capacities of the solar panels;

means the transmission system and any other connected system elements
that are likely to have an impact on the electricity supply at a national level,
including power stations with a capacity of more than 500 kVA and
networks linking such power stations to the distribution or transmission
system;

means the capability of generating units to return to nominal speed,
supplying own auxiliary load after separation from the grid, at up to full load
pre-trip conditions;

means the entity responsible for dispatch & balancing, market operations,
planning & procurement and trading. NamPower is currently operating as
the market operator;

means the capacity that a generating unit is rated to produce continuously
under normal conditions;

means all the equipment employed in measuring, recording, storing and
reporting of the supply together with the apparatus directly associated with
it;

means all meters, fittings, equipment, wiring and installations used for
measuring the flow of electricity;

means the organisation responsible for the operation and supervision of the
national electric power grid, also referred to as the system operator;
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“network”

“network service
provider”

)

“Overhead Lines’

“participant”

“plant controller”

“point of common
coupling”

“point of
connection”

“POC Plant Capacity”

“point of generator
connection”

means the electrical infrastructure over which electrical energy is
transported from source to point of consumption;

means the legal entity that is licensed to provide network services to a POC
through the ownership and the operation and maintenance of a network;

means an uninsulated suspended conductor overhead distribution or
transmission line;

includes -

(a) a generator with a power station where the total installed generating
capacity falls within category C2;

(b) generators with power stations connected to any transmission or
distribution system;

(c) embedded generators;

(d)  generators providing ancillary services for system operation
purposes;

(e) distributors connected to any transmission system;

(f) end-use customers connected to any transmission or distribution
system;

(g) a retailer or other wholesale market participant required to contract
for the use of any transmission system;

(h) transmission companies;
(i) the system operator;

(i other participants, in the ancillary services market, with interruptible
loads; or

(k) the market operator;

means a computer based system designed to control an REP as a whole
w.r.t. typical generator control functions such as voltage control, real power
control, reactive power control, ramp rates, etc., typically by
communicating set-points received from a National- or Regional Control
Centre individually to inverters or other network components in order to
obtain the desired collective plant output or response;

means -

(a) in the transmission system, the electrical node, normally a busbar in
a substation, where different customers and REP are connected
together for the first time; or

(b) in the distribution system, the electrical node where more than one
customer is connected;

means the electrical node in a transmission or distribution system where
the assets of a customer are physically connected to the assets of a
transmission or distribution company (or NSP), which normally defines the
location of the metering for monitoring and revenue purposes;

Has the meaning given to it in section 4.2;

means the point closest to the generator which connects the generator to
any network. This point is effectively the coupling device (circuit-breaker)
which connects a single generator to any network;
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“power station” or
“power plant”

“power quality
directive”

“protection”

“Reactive Power
Compensator”

“renewable energy
plant”

“renewable energy
power producer”

“service provider”

"static inverter”
“substation”

“synchronous
condenser”

“system frequency”

“system operator”

“transmission
network”

“transmission
system”

“voltage ride-
through”

“voltage dip/swell”

means one or more generator units at the same physical location;

means the Regulator directive for the management of power quality in the
electricity supply industry;

means the process of detecting a fault on the interconnected power system
with the purpose of clearing/isolating the fault in order to protect plant and
people;

means a set of electrical devices for providing fast-acting reactive power on
high-voltage electricity transmission networks;

means any renewable energy generator technology which is to be
integrated into a grid-tied electrical network, as defined in section 3.1.1;

means owner of any renewable energy generator technology which is to be
integrated into a grid-tied electrical network, as defined in section 3.1.1;

means a -

(a) licensee as defined under section 1 of the Act; or

(b) legal entity licensed as contemplated under section 17(1)(d) of the
Act;

means a solid-state power-electronic DC-to-AC converter;
means a site at which switching or transformation equipment is installed;

means a synchronous generator which operates without a prime mover,
and which generates or consumes reactive power by means of excitation
regulation in order to support the connected grid voltage;

means the frequency of the fundamental AC voltage as measured at
applicable points of the system;

means the entity responsible for short-term reliability of the interconnected
power system, which is in charge of controlling and operating the
transmission system and dispatching generation, or balancing the supply
and demand, in real time;

means the electricity transmission network owned and operated by the
transmission company;

means an electricity network consisting of assets including substations,
transformers, cables, lines and associated equipment, which are operated
wholly or mainly at a high voltage;

means the capability of any electrical equipment or system to withstand the
effect of an exceptional change in voltage (low and or high voltage) at the
equipment terminals without being damaged or becoming disconnected,
within time-specific equipment behaviour requirements;

means the event occurring when a decrease or increase of the voltage of a
node beyond the nominal voltage is observed: a voltage dip implies a
voltage reduction below nominal (by the applicable amount), and voltage
swell implies a voltage increase above nominal (by the applicable amount).
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3 INTRODUCTION

3.1 Objectives and Scope

The primary objective of the Renewable Energy Grid Code (hereinafter referred to as the “Code”) is to
stipulate minimum functional performance requirements, and where appropriate, minimum technical
and design grid connection requirements for REPPs connected to or seeking connection to the Namibia
transmission or distribution systems or embedded in a connection to customers connected to these
systems, thus ensuring the safety and reliability of the grid with the integration of new renewable
energy technologies.

The grid connection requirements in this code shall apply to all REPPs connected or seeking connection
to the Namibia transmission or distribution systems, the SO, as well as to the respective electrical
NSPs.

The NSP shall supply the REPP with adequate information about their transmission or distribution
systems that is sufficient to allow a reasonably accurate representation of the interaction between
the REPP and the NSPs. Network technical data shall be provided in line with the requirements of
Appendix 7 — Provision of Technical Network / Grid Data to REPPs.

REPPs shall also adhere to the technical connection requirements provided and published by the
respective NSPs, and approved by the Regulator. Such NSP technical connection requirements shall
support the implementation of the provisions of this Code as and where appropriate.

3.1.1 Applicable technologies

The REP technology can either be synchronous generator (for example, Concentrated Solar Power or
CSP, biomass, landfill gas, etc.) or inverter-interfaced and/or asynchronous generators (such as Solar
PV or wind farms). This Code shall, as a minimum, apply to the following REP technologies (grid-tied
and embedded):

Inverter-interfaced and/or Synchronous
asynchronous generators generators
e Wind, including non-converter direct- e Concentrated Solar Power
fed induction turbines e Biomass
e Solar PV e Geothermal, Landfill gas, Biogas

e Small Hydro (up to 10 MVA)?

3.1.2 Other technologies

The REPP who wishes to install and operate technology not mentioned in the previous section, shall
consult with the Regulator and the NSP to whose system the connection is planned. Any exemptions
from this Code shall be applied for in accordance with the governance procedures in section 3.2.4.

This might include the following technologies:

1 There is not a common definition for small hydro, and capacities range from 50 MW (China, USA and Canada);
15 MW (India) to 1.5 MW (Sweden). The most common and widely accepted category for small hydro is up to 10
MW.
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a) Energy storage (as a stand-alone or as a hybrid to another technology, e.g. Solar + Energy
storage) as load or generator sources

b) Hydrogen and bidirectional hydrolysis

c) Off shore Wind

d) Ocean Technologies (Marine or Wave)

3.2 Legal basis for the Renewable Energy Grid Code

3.2.1 Enabling Act

The legal basis for this Code is specified in terms of the Electricity Act, 2007 (Act No. 4 of 2007), or as
amended, and hereinafter referred to as the “Act”.

3.2.2 Compatibility to other Namibia Codes

This Code shall be used together with other applicable requirements of codes published by the
Regulator, as compliance criteria for REPPs connected to the Namibia transmission or distribution
systems, and shall be read and applied in conjunction with -

a) The Namibia Transmission Grid Code, herein referred to as the “Transmission Grid Code”.

b) The Namibia Distribution Grid Code, herein referred to as the “Distribution Grid Code”.

c) The Namibia Quality of Supply and Service Standards (QoSSS).
The provisions of this Code shall, on the date of publication, supersede and take precedence over the
provisions of the Transmission Grid Code and the Distribution Grid Code with reference to the
connection of any REP to the network. Any other section or provision of the Transmission Grid Code
or the Distribution Grid Code omitted from or not amended in the Code, shall still apply to the
connection of any REPs to the respective networks.

3.2.3  Primary Reference Documentation

The following documents are used and referenced by the applicable numbers as indicated below:

[1] The Transmission Grid Code.
[2] The Distribution Grid Code.
[3] The Quality of Supply Standard or “QoSS”.

[4] The NamPower Renewable, Energy Plants and other Embedded Generation, Amendment to
the Transmission Connection Agreement: Technical Guidelines for Transmission Integration”
Version 12, April 2019.

[5] The Namibia Market Code: The Modified Single Buyer Market Rules, Version 1.1, November
2019.

3.2.4 Governance Procedures

The governance procedures, including the procedures for the code administrative authority and
constitution of a grid code advisory committee, registration of participants and grid code amendment
or exemption, dispute mediation, resolution and appeal mechanism and compliance, code audits,
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contracting and version control, as contained in the Transmission Code Chapter 2, Part 1, 2,3 and 4
respectively with their amendments given in Appendix 1 - Governance Procedures, shall apply to this
Code.

3.2.5 Regular review

Due to the high penetration of REPPs as well as technological advances regular review of the Code will
be required, and a comprehensive review at least every five years.

The Grid Code Secretariat could recommend to the Regulator for an earlier review of the Code (or
sections of it) should it become aware of frequent exemption requests, non-compliances or
technological advances in the market.

3.2.6 Approval of Network Service Provider connection requirements

The Code stipulates minimum functional performance requirements, and where appropriate,
minimum technical and design grid connection requirements for REPPs connected to or seeking
connection to the Namibia transmission or distribution systems. Deliberate effort was given to
support the longevity of the Code through the avoidance of stipulating technical specifications or
addressing NSP specific requirements. As the grid behaviour in different NSP networks will differ, it is
expected that each NSP shall develop additional technical connection requirements which shall
support the implementation of the provisions of this Code in the specific network. Such technical
connection requirements shall be presented for approval to the Regulator, and once approved,
published in the public domain.

The REPPs shall adhere to such NSP technical connection requirements as and where appropriate.
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4 RENEWABLE ENERGY PLANT CATEGORIES

Three characteristics define the categories. These are POC voltage, plant capacity and plant impact on
POC voltage. They are described in detail below.

4.1 Plant Voltage

4.1.1 Definition of Point of Connection Voltage Levels

The nominal voltage at the POC is one of the determinants of plant categorisation applied by Code,
where the POC is defined as the electrical node(s) on the NSP‘s network where the REPP’s electrical
equipment is physically connected to the NSP‘s electrical equipment.

4.1.2 Voltage Categories

The POC nominal voltage categorisation is determined as per the power quality standard for Namibia
[3], and is defined as follows:

Table 1: Voltage categories

Category | Voltage at POC

V1 < 500V

V2 =500V

These categories of POC voltage define the REP coupling from a grid compatibility perspective.

4.2 Point of Connection Plant Capacity

4.2.1 Definition of Point of Connection Plant Capacity

a) Forinverter-type REP, the REP capacity at the POC is the total sum of the rated capacities of the
inverters in such a REP;

b) For synchronous machine type REP, the sum of nameplate values for all the connected machines
is considered the POC Plant Capacity.

4.2.2 Plant Capacity Categories

The POC Plant Capacity Categories define the REP coupling from an overall grid stability perspective
and are assigned at either the REP’s POC, or for REPs in close proximity to each other, the aggregate
of the REP capacities at the PCC.

The Plant Capacity categories at the POC are specified as follows:
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Table 2: Plant Capacity categories

Category REP capacity at POC or aggregate REP
capacities at close proximity to a PCC

Cc1 <2.5MVA
Cc2 >2.5MVAto <10 MVA
c3 210 MVA

For REPs in close proximity to each other (i.e. sharing a PCC bus or being electrically close to the PCC
bus), the aggregate Plant Capacity at the PCC for which the categorisation is applied is defined as the
aggregate of the individual REP capacities of each REP at its specific POC in close proximity to such a
PCC.

Example

Case 1: Three REPs, each with 1MVA capacity at their respective POCs, installed in close
proximity to each other will have an aggregate Plant Capacity of 3 MVA at the PCC, for
the purposes of determining the Plant Capacity Category applicable to each REP.

Case 2: A third REP with a 1.5MVA capacity at its POC, is planned to be installed in close
proximity to two (2) other REPs which have an aggregate Plant Capacity of 1.5MVA at the

PCC: The aggregate Plant Capacity of 3MVA at the PCC will be used to determine the Plant
Capacity Category for the third REP to be connected.

4.3 Plant Impact on Point of Common Coupling Voltage

4.3.1 Definition

REPs which have a high capacity compared to the system capacity at the PCC are further categorised
into Plant Impact categories based on the plant capacity as defined above, considering the lowest
normal fault level which prevails at the PCC.

The Plant Impact value is calculated as follows:

PCC impact is based on the PCC voltage change (AUpcc) which may be caused by the REP, being the
greater impact under the following conditions:
a) Plant disconnection, i.e. AUpcc_pis = the change in voltage at the PCC for the loss of the entire REP
due to the disconnection of the REP; and
b) Plant fault in the internal REP distribution network (see diagram in Figure 1), i.e. AUpcc fir = the
change in voltage at the PCC for the loss of the entire REP due to a REP internal network fault.
The higher of the values provided by Equation 1 and Equation 2 determines the plant impact (X1 or
X2) category.
Equation 1: The % change in voltage at the PCC for the loss of the entire REP

__ POCRaTED o
AUpccp,s = Floce X 100%

Where:
POCraten = Rated REP capacity at the POC in MVA
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FLpcc = Minimum Fault Level at the PCC without the REP connected in MVA.

Equation 2: The % change in voltage at the PCC for an internal fault

PCC,
REPP_FLT X 100%

AUpcc_pir = FlLpce

Where:

PCCrepp_rir = Fault power drawn at the PCC by the REP for a fault in the internal network of the
REP (see diagram in Figure 1) in MVA

FLpcc = Minimum Fault Level at the PCC without the REP connected in MVA.

The REP POC Substation is defined as the REP switchgear, transformers and associated equipment
located close to the POC, used as the internal generation collection point for the REP.

The REP POC Switching Station is defined as the REP switchgear and associated equipment located
close to the POC and which is used as the internal generation collection point for the REP.
The REP internal distribution network is that area not included in the REP’s POC substation (Figure

1(a)) or switching station (Figure 1 (b)) and which is used to connect the various generation plant to
the POC station.

Figure 1: lllustration of reference points for Impact determination
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Source 1: MCS and RTG Solutions, 2020

4.3.2 Categories

The Plant Impact categories are assigned as follows:
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Table 3: Plant Impact categories

Category PCC Voltage Impact PCC Voltage Impact
Category V1 Category V2

X1 < 20% change on PCC Voltage | < 5% change on PCC Voltage

X2 2 20% change on PCC Voltage | 2 5% change on PCC Voltage

Note that the impact category definitions are different for plants of category V1 and V2 due to the
differing QOSS requirements for these categories [3].

4.4 Category Combinations for Renewable Energy Plant

Plants are categorised based on POC Voltage, POC Plant Capacity and Plant Impact on PCC Voltage in
combination, e.g. V2C1X2.

Where categories are defined as [Category][x/y/z], this implies that the definition is applicable to all
of the defined subcategories:

e Vximplies all voltage categories including both V1 and V2;
e Cyimplies all capacity categories including C1, C2 and C3; and
e Xz implies all Impact categories including both X1 and X2.

4.5 Ownership and Control

The various configurations anticipated are described in the following subsections.

Cognisance must be taken of the isolation and interlocking requirements as defined in Section 5.6.8.

4,51 Arrangement 1 — Category V1CxX1:

The POC for low voltage REPs will generally be at an existing LV Voltage Board. A single point of
isolation and protection for the POC point is integrated into a single isolatable, lockable breaker. This
is a wholly embedded and captive system and has minimal impact on the NSP.

4.5.2 Arrangement 2A — Network Service Provider-owned coupling

In this instance, the coupling medium (cable or OHL) between the NSP and the REP belongs to the NSP,
and the POC is located on the REP premises. At the POC there are dual isolation facilities in order to
enable both parties to independently isolate. Note that the isolation does not necessarily imply a
physical isolator, as long as a physically removable isolation function can be achieved (e.g. by racking
out the POC circuit-breaker on an MV switchgear board). For fixed-pattern or non-rackable switchgear,
an external physical lockable isolator is required.
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Figure 2: REP Integration Arrangement 2A
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Source 2: MCS and RTG Solutions, 2020

4.5.3 Arrangement 2B — Renewable Energy Power Producer-owned coupling

In this instance, the coupling medium (cable or OHL) between the NSP and the REP belongs to the REP,
and the POC is located on the NSP premises. At the POC there are dual isolation facilities in order to
enable both parties to independently isolate. Note that the isolation does not necessarily imply a
physical isolator, as long as a physically removable isolation function can be achieved (e.g. by racking
out the POC circuit-breaker on an MV switchgear board). For fixed-pattern or non-rackable switchgear,
an external physical lockable isolator is required.

Figure 3: REP Integration Arrangement 2B
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Source 3: MCS and RTG Solutions, 2020

4.5.4 Arrangement 3 —Embedded Renewable Energy Plant

This arrangement has an NSP-serviced customer, with an embedded customer-owned REP. The POC
and PCC are the same point. REP Isolation is carried out at the customer station PGC as the REP is
under the customer’s ownership and control.

Figure 4: REP Integration Arrangement 3
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Source 4: MCS and RTG Solutions, 2020
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4.5.5 Arrangement 4 — Third party embedded Renewable Energy Plant

This arrangement has an NSP-serviced customer, with an embedded third-party REP. The PCC is within
the customer’s system. The REP is independently owned and controlled. Therefore, an isolating point
at the REP POC is required.

Figure 5: REP Integration Arrangement 4

NSP } Customer
|
|
i X
GRID |~/ XX — @/4/ X pec|  ardpany
X(— /—~Customer X*//ii/
i E{C REPP
PCC

Source 5: MCS and RTG Solutions, 2020

4.6 NSP and NGA Control and Visibility Requirements

For plants in certain categories, the NSP and/or NGA or SO may require visibility and control in order
to manage power quality and/or load flow at the PCC. For this reason, the plant categories as indicated
in Table 4 must have NSP control and visibility functionality. It is the NSP’s decision as to whether to
utilise this functionality or not. In addition to the NSP’s requirement, the NGA may require visibility
and control in order to ensure the national grid’s stability. The NGA, if not the specific REP’s NSP, will
request such visibility and control from the REP through the NSP.

The following table indicates how the control and visibility requirements are to be applied:

Table 4: NSP Control and Visibility Requirements

Category REP Control and Visibility required
V1CiX1 No, unless requested by the NSP
V2C1X1 No, unless requested by the NSP
V1C2X1 Yes, unless waived by the NSP
V2C2X1 Yes, unless waived by the NSP
VxCyX2 Yes, unless waived by the NSP
Example:

If a REP’s POC is at 400V, with an inverter rated at 1MVA peak, and has a PCC Voltage
impact of 30% if disconnected (or due to internal fault), the category is V1C1X2. Due to
the category X2, the REP may be required to provide visibility and control to the NSP.
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4.7 Availability and Forecasting Requirements

The requirement of forecasting data is defined in Table 5.

Table 5: Forecasting Requirements

Category REP Forecasting Data required

VxC1Xz No, unless REPP is registered as an Eligible
Generator with the MO

VxC2Xz Yes

VxC3Xz Yes

The REPP shall make available the following signals to the NSP, SO or MO, in the format and method
specified by the NSP, SO or MO:

a)

b)

d)
e)

f)

g)

Each REPP with installed capacity in the C2 category shall make available to the NSP or SO on a day-
ahead basis the forecasted energy output of the plant for each half-hour period of the next day.
Each REPP with installed capacity in the C3 category shall in addition to a) make available to the
NSP or SO on a day-ahead basis the forecasted active power output of the plant for each ten-minute
period of the next day updated hourly on the intra- day or intra-hour period.

The time zone, format, information system and other detail will be agreed between the REPP and
the NSP SO.

Each NSP or redistributor with 5 MW of combined embedded RE installed capacity or more per
supply point shall make available to the NGA information in compliance with a) above.

Each NSP or redistributor with 15 MW of combined embedded RE installed capacity or more per
supply point shall make available to the NGA information in compliance with b) above.
Forecasting accuracy shall be measured by the NSP and incentives/penalties may apply as per
conditions of the underlying agreements involving the NSP, SO, NGA, MO and REPP, as the case
may be.

Each PV and Wind static generator shall make real-time meteorological data available to the NSP
as required.
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5 BOUNDARY CONDITIONS

5.1 Tolerance of Frequency and Voltage Deviations

5.1.1 Normal Operating Conditions

Normal operating conditions are based on the Namibia Quality of Supply Standard [3] [section 2.2]
available from the ECB.

5.1.2 Abnormal Operating Conditions

Abnormal operating conditions are based on the Namibia Quality of Supply Standard [3] [section 2.2]
available from the ECB.

5.1.3 Renewable Energy Plant tolerance to grid-induced deviations

All REPs shall remain in operation for the complete range of the defined normal operating conditions.

Notwithstanding the LVRT, HVRT and Reactive Power Support requirements, a REP may disconnect
from the grid where conditions exceeding those defined for low or high ride-through are experienced
in order to protect the REP equipment.

5.1.4 Renewable Energy Plant causing grid Sub-synchronous Resonance

REPs will not be allowed to connect if the studies carried out by the NGA [refer section 12] indicate a
high SSR risk. If SSR is detected once the REP is connected, the NGA/NSP is authorised to disconnect
the REP in order to protect the stability of the national grid.

5.1.5 Voltage Ride-Through Requirements at the Point of Connection

Table 6 indicates the VRT requirements for the different categories of REP, with reference to Figure 6
to Figure 9 and Table 7.

Table 6: VRT requirements

Category VRT Requirement (Inverter Type) VRT Requirement (Sync Machine Type)
V1C1iX1 VRT_1 VRT_1
V2C1X1 VRT_1 VRT_1
V1C2X1 VRT 2 VRT 4
V2C2X1 VRT 2 VRT 4
V1C1X2 VRT 2 VRT 4
V2C1X2 VRT 2 VRT 4
V1C2X2 VRT 2 VRT 4
V2C2X2 VRT 2 VRT 4
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Category

VRT Requirement (Inverter Type)

VRT Requirement (Sync Machine Type)

VxCyX3

VRT_3

VRT_4

Figure 6: VRT — 1 Requirements — not to scale
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Figure 7: VRT - 2 Requirements - not to scale
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Figure 8: VRT — 3 Requirements - not to scale
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Figure 9: VRT - 4 Requirements - not to scale
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Source 9: MCS and RTG Solutions, 2020

Table 7: Specified Requirements for REP VRT

VRT | U, Us U. Us | Umin Umax | timin | tomin | tamin | tamin
Class | [p.u.] | [p.u.] | [p.u.] | [p.u.] | [p.u.] [s] [s] [s] [s] [s]
1 | 060|080 | - - ] 085 1.10 | 0.25 | 0.60 | - -
2 | 000|085 | - - ] 090 1.10 | 0.25 | 2.0 | 180 -
3 | 000|085 |120| - | 090 110 | 0.25 | 2.0 | 180 | 2.0
4 | 030|085 | 1.20 | 0.50 | 0.90 110 | 0.14 | 2.0 | 180 | 2.0

The specific parameters for t; to tsin Table 7 are to be configured with a resolution of 0.1% of full
range, and accurate to within 2% for voltage levels and 0.5% for configurable time settings. The REP
must be able to provide and function for the full range of settings as defined in Table 7. The NSP shall
define the actual setpoints following the studies phase.

5.1.5.1 Low Voltage Ride-Through Requirements at the POC
In the event of a voltage dip, the REP is required to respond as follows:

a) Remain connected to the grid as shown in Figure 6 for grid events and supply reactive power (if
required) per section 5.4 where the lowest phase voltage is as defined in Table 7:
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b) For transient conditions outside these bounds, the REP may disconnect per the above conditions,
and reconnect following a configurable delay (t;) after the system voltage has recovered to Umi, or
higher; and

c) Active Power outputis to be restored once the voltage has recovered to Umi, or above, as indicated
in Figure 10.

Figure 10: Restoration of active power following the restoration of voltage to Umin or higher — Not to
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Source 10: MCS and RTG Solutions, 2020

5.1.5.2 High-Voltage Ride-Through Requirements at the Point of Connection

In the event of a voltage swell or power frequency impulse, the REP is required (if stipulated above) to
respond as follows:
Remain connected to the grid and absorb reactive power per the characteristic in section 5.4.1:
a) for the following conditions:
i U < 1.5 p.u. for 1 power frequency cycle duration;
ii. U < 1.3 p.u. for 10 power frequency cycles duration;
iii. U < 1.2 p.u. for duration t4 (Table 7);
iv. U < Umax — no disconnection allowed.
b) For power frequency transient conditions outside these bounds, the REP may disconnect per the
above conditions, and reconnect following a configurable delay (tr) after the system voltage has
recovered to below Umax.

5.1.6 Reactive Power Support during Voltage Ride Through Conditions

Requirements for Reactive Power Support during VRT conditions are defined in section 5.4.1.
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5.2 Frequency Response

5.2.1 Power-frequency response curve for Renewable Energy Plants in different categories

The following table indicates the frequency response requirements for each of the REP categories,
with reference to Figure 11, and with the frequency reference at the POC.

Table 8: Configurable P/f response requirements

Category REP P/f Curve required
VXC1Xz Pf 1
VXC2Xz Pf 2
VXC3Xz Pf 2

For plants which are to have a configurable P/f response, the response required is depicted in Figure

11.

a)

b)

f)

g)

A configurable dead band with constant power output which varies by less than 0.5% over a range
of frequencies from f; to fs;

A configurable upper band from f; to f; where the power output is ramped down at a configurable
ramp down rate (k;);

Power delivery is to be set to 0 if the frequency exceeds f; for a configurable period (t4).

A configurable ramp up rate (ks) with configurable post-disturbance ceiling power (Pyost);

A configurable lower frequency band fi to f, where the power output is ramped up to a
configurable maximum power (based on available maximum power) at a configurable ramp up
rate (ki) for a configurable period (t1);

A configurable minimum frequency below which power output is to remain constant for pre-
determined period, with the option of disconnection from the grid after a minimum period (t1);
Following a disturbance, the power delivery shall be reset to the pre-disturbance level after a
configurable time (t2).

The exact parameters above are to be finalised following system studies.
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Figure 11: P/f -1 Response curve — not to scale
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Figure 12: P/f - 2 Response curve - not to scale
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The frequencies applicable are specified in Table 9 .
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Table 9: Frequency

Frequency Level

Synchronous Machines

Inverter-Interfaced Machine

Frequency Frequency
[Hz] [Hz]
fa 50.0 50.0
f 47.5 47.0
fy, f3 Between 48.0 and 51.0 Between 48.0 and 51.0
fa 52.0 52.5

5.2.2 Procedure for setting and changing the power-frequency response curves for
Renewable Energy Plants in different categories

The requirements for REP P/f facilities are listed in Table 8.

The normal operating variables are to be determined based on the system studies [refer section 12].

Where NGA deems necessary for the security of the national grid, the P/f parameters may be changed

under their direction. The REP owner shall facilitate this change and will remain liable for the cost of
this change. These changes in operating variables are not intended to be changed online and facilities

for this are therefore not required.

The power system frequency withstand capabilities for category C2 and C3 plants are as per Figure 13

and Figure 15 respectively.

Figure 13: Minimum frequency operating range for REP (cumulative over life of REP) — Synchronous

Machines

33

Synchronous Machines

o2

Sl

S0

Continuous

Min

49

mum [perating Range for

Operating

REPs Range

48

System frequency [Hz]

47

46

200ms

T
80min

0.001 001 0.1 1 10 100

Time [minutes]

1000 10000

Source 13: SA Grid Code, 2019, modified for this Code
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Figure 14: Minimum frequency operating range for REP (cumulative over life of REP) — Inverter-
Interfaced Machines

Inverter-kbased Machines

33

SIS

Sl

=
- Continuous
o 50 : ) r Operating
c Min|mum Operating Range for REPs Range
v
o
<
[ )
£
o 48
it
0
>
“ 47

46 = T

200ms 80min

0.001 001 0.1 1 10 100 1000 10000
Time [minutes]

Source 14: SA Grid Code, 2019, modified for this Code

Figure 15: Minimum frequency operating range for REP (during a system frequency disturbance) -
Synchronous Machines.
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Source 15: SA Grid Code, 2019, modified for this Code.
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Figure 16: Minimum frequency operating range for REP (during a system frequency disturbance) -
Inverter-Interfaced Machines.
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Source 16: SA Grid Code, 2019, modified for this Code.

5.3 Reactive Power Capabilities

5.3.1 Reactive Power Support Capability at the Point of Connection

The following table indicates the reactive power support requirements at the POC for the categories
of REP:

Table 10: Reactive Power support capability requirements

Category REP Reactive Power pfmin pfmax Unmin Umax Capability
support (Q) required p.u] | [p.u.]
VxC1X1 No - - 0.85 1.10 | Pffixed at 1.0
V1C2X1 Yes -0.90 +0.90 0.85 1.10 Figure 17
V2C2X1 Yes -0.90 +0.90 0.90 1.10 Figure 17
V1C1X2 Yes -0.90 +0.90 0.85 1.10 Figure 17
V2C1X2 Yes -0.90 +0.90 0.90 1.10 Figure 17
V1C2X2 Yes -0.90 +0.90 0.85 1.10 Figure 17
V2C2X2 Yes -0.90 +0.90 0.90 1.10 Figure 17
VxC3Xz Yes -0.90 +0.90 0.90 1.10 Figure 17
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Note: As per convention, negative (-) power factor implies lagging, positive (+) power factor implies
leading

The PQ capability requirement is shown diagrammatically in Figure 17 and described as follows:

a) The REP shall have power factor and voltage control capabilities per Table 10;

b) The power factor control range shall be configurable from pfmin to pfmas;

c) The reactive power available at the maximum power shall be available for voltage support in
voltage control mode at any set power level per the reactive power capability diagram;

d) For Category C3 REP, Reactive Power Compensator functionality is required as defined below; and

e) For Category C2 REP, limited Reactive Power Compensator functionality may be required to
compensate where the REP draws load from the grid at leading power factor. A non-generating
REP load (when not in Reactive Power Compensator mode) shall not demand a capacitive (leading)
power factor at any time.

Reactive Power Compensator functionality, where required, shall be included such that the REP can
provide reactive power as per the P/Q capability curve in Figure 17. The Qmax level shall be at least 50%
of the total power rating.

Figure 17: P/Q Capability Curve
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Source 17: Inverter Manufacturer Data survey (2020)

The specific pf setpoint parameters in Table 10 are to be configured with a resolution of 0.1% of the
full range (with reference to Table 10), and accurate to within 2.5%. The REP must be able to provide
and function for the full range of settings as defined in Table 10. The NSP shall define the actual
setpoints following the studies phase.

The reactive power capability for the POC voltage range as defined in Table 10 for REP categories C2
and C3 is shown in Figure 18.
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Figure 18: Steady State Operating Voltage vs Reactive Power requirements
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Source 18: MCS and RTG Solutions, 2020

5.3.2 Control Modes

REP Control Mode requirements are set out in the preceding sections. Where these control facilities
are required, the specific mode details are clarified below. Within the context of national grid security,
all REP except category V1 are required to have all of the control modes listed below. Furthermore,
the NGA may require a change of mode in order to address national grid needs, regardless of whether
or not remote control and visibility is required.

All REP Control Modes must be applied and tested, including the smooth transition between modes
when the REP is in service, with plant setpoints from one mode transferring to the next. Application
for a change to the REP control mode shall be made to the Regulator by the NGA for REP which is
already in service if there is a commercial impact.

a) Reactive Power Mode Requirements

The reactive power mode requirements are set out in the reactive power support, LVRT and HVRT
sections [refer sections 5.1.3, 5.1.5, 5.1.5.2, 5.1.5.2.]

Notwithstanding this, REPs which are required to have NGA/NSP control of this mode are required to
be able to accept a reactive power setpoint from the national Grid Authority within the plant’s
specified capabilities, and must respond within the characteristic as configured.

b) Power Factor Mode Requirements

The power factor mode requirements are set out in the power factor control section [refer section
5.4].
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Notwithstanding this, REPs which are required to have remote control of this mode are required to be
able to accept a power factor setpoint from the NGA within the plant’s specified capabilities, and must
respond within the characteristic set.

c) Voltage Mode Requirements

The voltage control mode requirements are set out in the voltage control, LVRT and HVRT capability
sections [refer section 5.4].

For all REPs, regardless of the NGA/NSP/SO control and visibility capabilities requirement, the nominal
voltage level may be stipulated within 0.05 p.u. of the POC nominal range as the new nominal voltage.
All REP functionality shall adapt accordingly and meet the stipulated requirements as previously set
out.

5.4 Reactive Power and Voltage Control Functions

5.4.1 Voltage Support Capability
For REPs which are required to provide reactive power support, the characteristics thereof are as per
Figure 19.

A configurable gradient, ki, is required in order to fix the plant response (Als/AU) for the absorption of
reactive power, where:

i lq is defined as the reactive component of the current flowing thru the POC; and
ii. U is defined as the voltage at the POC.

A configurable gradient, k», is required in order to fix the plant response (Alq/AU) for the injection of
reactive power.

These parameter settings will be determined during the system studies phase.
Reactive power support, where required, shall provide:

a) Reactive power to within 20% of the configured level within 60ms;
b) Reactive power to within 5% of the configured level within <1000m:s.

Figure 19: LVRT and HVRT conditions and reactive power support characteristics
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Source 19: MCS and RTG Solutions, 2020
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Reactive power support shall be available continuously as long as the REP total apparent power limit
is not exceeded.

5.4.2 Voltage Control Mode

The REP shall have a voltage control mode whereby the POC voltage is controlled by the REP controller.
For a given setpoint, the voltage control mode shall be such that the REP can operate continuously
within the voltage range Umin and Umax as defined by the normal operating conditions.

The voltage control mode setpoint and steady-state ramp rate shall be configurable as follows:

Table 11: Voltage Control Configurable Parameter ranges

Parameter Range Max Step Size
Vhom 0.95t0 1.05 0.005
Ky 0.10kV/min to 100kV/min | 0.10kV/min

The REP’s power frequency transient voltage control must be such that it meets the requirements set
out in the LVRT and HVRT sections.

These parameter settings will be determined during the system studies phase.

5.5 Power Quality

The requirements in this section are in addition to the Namibia Transmission Grid Code [1] [section
238 paragraphs 1, 2 & 3] and do not replace these. With respect to [1] section 238 paragraph 1, this
code describes the additional limits which may be applied by the NSP.

All licenced service providers are required to provide a supply quality which complies with the Namibia
Quality of Supply Standard [3]. Therefore, any REP which causes the NSP to fail in meeting this power
quality as result of pollution generated by the REP may be required to correct this.

The following specific standards are applicable, in addition to the Namibia legislated codes and
standards:

a) IEEE-519(2014) IEEE Recommended Practice and Requirements for Harmonic Control in Electric
Power Systems;

b) With reference to [2] [section 12 — Quality of Supply], the definition of “participant” is extended
to include REPs. Within this context, the REP must, as a minimum, unless stipulated in this code,
with all of the described parameters, with the additional limitations as prescribed below.

5.5.1 Harmonic Distortion Requirements at the Point of Connection

In addition to the general requirements stipulated in [1], and which may not be exceeded, the
following shall apply to the REP:

The voltage THD limits are to be set by the NSP based on planning limits which they are to stipulate
for each REP. REP applicants should note that these limits are not apportioned equally among REPs,
nor will one REP’s limits necessarily be applicable to another REP, even for the same PCC, since the
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levels are determined based on planning levels which are dynamic and vary based on the number and
size of REPs as well as changes within the NSP’s network.

The harmonic distortion limits for a POC shall be stipulated by the NSP as part of the Technical and/or
Commercial arrangements/agreement between the REP and the NSP, which is entered into prior to
commencement of the REP detail modelling and design. The REP shall show, as part of the detailed
model [refer section 12] that the design meets the stipulated levels for each voltage harmonic and
inter-harmonic. This does not, however, relieve the REP of the obligation to prove compliance once
the plant is in service. During the compliance monitoring period [refer section 10.4] the compliance
will be verified. If, at this time, or in fact any future time at which the REP is found not to meet the
stipulated pollution requirements, the NSP may disconnect the REP.

Any known resonance point causing excessive amplification (beyond the limits stipulated herein) must
be rectified and new connections should not cause new harmonic order amplification. Although
harmonic studies are required during the design stage, the final compliance must be proved once the
plant is put into service, and is the REP’s responsibility to rectify should compliance not be achieved.

For the NSP, the stipulated harmonic limits shall be determined by means of either of the methods
described below. The NSP is responsible for the selection of the method applied, as well as the
notification of the method to be applied, the collection and provision of recorded background
harmonic data required within a period of no longer than 8 weeks after application by the prospective
REP.

Where required, the harmonic data recorded is to be collected in accordance with IEC 61000-3.

The compatibility level of total harmonic distortion limits with the REP connected to the NSP shall not
exceed 50% of the level stipulated in [3] [refer section 2.2].

Method 1:

Based on planning regarding the number of REP and/or other customers which are to be connected
within that portion of the NSP’s network, the NSP calculates and assigns a portion of the total allowed
harmonic distortion for each harmonic, inter-harmonic and total distortion by means of the formula
in Equation 3.

a) Unless the NSP has a predefined margin factor ‘k’ stipulated in the NSP’s own licence agreement,
this factor shall be no greater than 3.

Equation 3: Harmonic distortion portion

Yy margin = \/ (th,pzanning)z - (th,recorded)z/ k

Where:

Vhn margin = voltage harmonic ‘n” margin allowed for the REP

Vhn planning = Voltage harmonic ‘n” planning limit defined by [3]

Vhn recorded = VOItage harmonic ‘n’ recorded at the POC (or PCC if the POC does not yet exist)

k = margin factor

Method 2:

a) Measurements of the background harmonic levels are recorded for the POC (or PCC if the POC
does not yet exist) prior to the commencement of the system studies by the NSP.
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b) These harmonics are then applied to the POC (or PCC as measured) in the system studies [ref
section 0] in order to determine the net effect of the REP on the PCC. The limits allowed in this
case are stipulated by [3].

¢) The design of the REP must ensure that the PCC harmonic limits as specified in [3] are not
exceeded.

Note: The final consideration is for the limit of harmonic pollution at the PCC, since the NSP’s obligation

is to limit this pollution for all customers who would be connected at the PCC.

5.5.2 Unbalance Requirements

Voltage unbalance limits are allocated in the same way as for the emission margins (method 1),
applying the apportionment formula in Equation 4, and unless the NSP has a predefined margin factor
‘k’ is stipulated in the NSP’s own licence agreement, this factor shall be no greater than 3.

Equation 4: Voltage unbalance limits

Vubmargin = \/ (vubplanning)z — (Wubrecoraed)?/k
Where:

VUbmargin = Voltage unbalance margin allowed for the REP
VUbypianning = Voltage unbalance planning limit defined by [3]
VUbrecorded = VOItage unbalance recorded at the POC

k = margin factor

5.5.3 Dip/Swell Allowance on Loss of Generation during Internal Faults

The REP must subscribe to the following maximum dip/swell creation at the POC for REP events:

Table 12: POC Dip limits

Event Dip/Swell Dip Duration
Allowance

PCC CB Open/Close <0.05p.u. N/A

Code Internal Subnetwork CB Open/Close <0.02p.u. N/A

Code Internal reticulation 3-phase fault (Dip size 1) <0.10p.u. <500ms

Code Internal reticulation 3-phase fault (Dip size 2) >0.10p.u. <100ms

Code internal reticulation phase-ground fault <0.10p.u. <500ms

Note: REP Internal system fault clearance requirements must be met under contingency conditions as
stipulated in the protection description [refer section 5.6.2].
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5.5.4 Flicker

The compatibility level for voltage flicker shall be as stipulated in [3] [refer section 2.2].

5.6 Protection, Fault Levels and Coupling

5.6.1 Introduction

The requirements in this section are in addition to the Namibia Transmission Grid Code [1] as well as
the Namibia Distribution Grid Code [2] and do not replace these.

All licenced service providers are required to provide services conforming to the Namibia Quality of
Supply Standard [3]. Therefore, any REP which causes the NSP to fail in meeting this power quality
conformity as a result of pollution generated by the REP may be required to correct this. Pollution, as
defined in [3] includes dips as a result of faults within the REP’s network, as well as dips resulting from
sudden disconnection of the REP.

The following particular standards are applicable, in addition to the Namibia codes and standards:

a) IEC 60255 Protective Relays (all parts); and
b) IEEE-242(2001) IEEE Recommended Practice for the protection and coordination of commercial
and industrial Power Systems.

5.6.2 General Protection Philosophy

In addition to the requirements of the Transmission Grid Code [1] and the Distribution Grid Code [2],
all protection requirements for clearance of faults within the REP network as well as the REP’s
component parts of the POC are to be met under the condition of a single contingency. This implies
that any single piece of equipment failure must not prevent the stipulated fault clearance times from
being met. Typical single contingency conditions are:

a) Protection relay failure;

b) Circuit-breaker failure; and

¢) DC Supply to protection equipment failure.

Redundancy in the form of dual main, or main and backup protection, dual DC supplies, etc must
therefore be included in the design. Upstream backup (for example, NSP upstream protection) is an
acceptable form of redundancy where no common element is required for fault clearance, as long as
the redundant device ensures clearance of the fault within the stipulated time per Table 16. No fault
which may cause physical damage to the NSP’s system, which is not covered in some way by redundant
protection (which could thus be sustained under single contingency conditions) may be allowed, and
must be addressed in the detailed system architecture.

In addition to fault clearance time requirements and the requirements stipulated in [1] and [2], the
following additional protection functions are required to be included at the POC for REP of the
categories indicated in:

a) Phase under-voltage;

b) Phase over-voltage;

c) Residual over-voltage;

d) Over-frequency;

e) Under-frequency; and

f) Sensitive earth fault (where overhead lines are used to couple the REP to the NSP).
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Table 13: REP Protection requirements per category

Category REP Additional Protection required
V1Cix1 No
V2C1X1 No
VxC2Xz Yes
VxCyX2 Yes
VxC3Xz Yes

5.6.3 Zero-Sequence Current Coupling and Fault Level Contribution

All plants of category V2 and X2 are to be designed such that there is no zero-sequence current
coupling between the REP and the NSP. Various methods are suitable, including the use of Delta/Star
transformers. Examples of solutions are given in the appendices.

Table 14: REP Zero Sequence current coupling requirement per category

Category Zero Sequence Current decoupling required
V1Cix1 No
V2C1X1 Yes
V1iczax1 No
V2C2x1 Yes
VxCyX2 Yes
VxC3Xz Yes

For NSP faults, the REP fault contribution to the NSP fault is required to be limited to the following
guantities by means of REP plant design, size and configuration:

Table 15: Fault Contribution Limits

NSP Fault Type REP Fault Contribution
3-Phase Fault <20% of POC Fault Level
Phase-Ground Fault <10% of POC Fault Level

This requirement applies per REP at a point where multiple REPs are connected, or per connection
where a REP has multiple connections, such that the above requirements are met. It is the NSP’s
responsibility to, under planning studies for its own interest, limit the number of REP connections
allowed at a given node.
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5.6.4 Maximum Fault Clearing Times at the Point of Connection

In order to ensure that the REP minimises negative impact on the NSP grid power quality, the following
maximum fault clearance times under contingency conditions as defined in Section 5.6 shall apply:

Table 16: Maximum Fault Clearance Times for voltage step limit at POC

POC Voltage | Total Fault Clearance Time
Dip/Swell Limit

<0.10 p.u. <500ms

<0.20 p.u. <200ms

>0.20 p.u. <100ms

If a proposed REP configuration will result in internal (to the REP) system faults [refer Figure 1] with a
fault impact of greater than 0.20 p.u. for longer than 100ms, or a switching impact of greater than 0.20
p.u. for longer than 1 cycle, the connection will not be allowed, and the topology, design and size of
the REP must be reconsidered.

5.6.5 Protection Requirements at the Point of Connection

POC protection requirements are to ensure the disconnection of a generator sub-system fault under
contingency conditions in the time defined in Table 16.

Where the POC is also the PCC, protection requirements are to be specified by the NSP, as this forms
part of the NSP’s protection system. REPs will need to consult with the NSP in this regard, as often
specific compatible products are required.

Where the POC is a dedicated connection, this must at least subscribe to the fault clearance
requirements under contingency conditions as defined in Table 16.

At the POC, all primary plant (busbars, switchgear, transformers, etc) within this section are to be
covered by unit and backup protection equipment.

5.6.6 Protection Requirements at Point of Common Coupling

The PCC and POC protection requirements are to be specified by the NSP, as this forms part of the
NSP’s protection system. REPs will need to consult with the NSP in this regard, as often specific
compatible products are required.

5.6.7 Grid Protective Interlocking Requirements

Protective interlocks are required for the following conditions:

a) Master trip devices or functions are required to trip and lock out (prevent re-energisation from
remote) of any equipment which has had a unit protection operation. Unit protection devices
include, but are not limited to:

i Differential protection;
ii. Restricted Earth Fault protection;
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iii. Arc Flash detection;
iv. Transformer Buchholz/Surge protection;
V. Bus protection; and
Vi. CB Failure.
b) Operation of a master trip shall be latching by mechanical means and may only be reset locally at
the protection scheme.
¢) Interlocked lockouts are to be communicated [refer protective communication in section 5.6.9] to
the remote supply or receiving site such that inadvertent energization is prevented.

5.6.8 Safety Interlocking Requirements

Safety interlocks are required to be implemented such that:

a) The energization sequence of a REP is met under all conditions (for local interlocking, interlocking
to prevent overriding of REP energisation sequences must be implemented by mechanical means
independent of electrical devices;

b) No out-of-sync closing is possible for synchronous machines on any REP in-line circuit-breaker;

¢) Anti-islanding is implemented to prevent islanded operation of inverter-interfaced REP; and

d) Auto-reclosing is inhibited automatically for control opening of equipment.

Out of sync closing shall be prevented for all circuit-breakers which, if closed out of sync, would have
an NSP grid voltage impact of greater than 0.03p.u. by the following means:

a) Synchronism checking (by means of a synchronism verification device which monitors the
voltage on both sides of an open circuit-breaker);

b) Interlocking of circuit-breakers in order to prevent out-of-sequence energization. This
includes interlocking between POC circuit-breakers, upstream NSP circuit-breakers and
downstream REP plant circuit-breakers.

Note: both of the above methods are to be applied on each circuit-breaker.

5.6.9 Protective Communication Requirements

Protective and safety interlock communications are required between the REP and the NSP as follows:

a) REP/NSP unit protection communication (e.g. for line differential, accelerated impedance
schemes);

b) Safety interlocks (e.g. remote earth on);

c) Signaling of plant status for e.g. Ready-to-Energise signals; and

d) Any other protection communication requirements required by the NSP, published and approved
by the Regulator.
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6 ACTIVE POWER CONSTRAINT FUNCTIONS

All REPs of category V2 are required to be able to reduce, on request, the active power as measured
at the POC, at a configurable ramp rate kapr.

Table 17: Active Power Constraint Configurable Setpoint range

Parameter | Range Max Step Size

Kapr 0.01MW/min to 100MW/min | 0.1 MW/min

These parameter settings will be determined during the system studies phase.

The ramp rates shall be separately configurable for start-up, shutdown, power demand change, and
emergency shutdown. The actual ramp rate, within the capabilities of the REP technology, shall be
accurate to within 5%/min of the configured ramp rate. For small biomass REPs this accuracy may not
be achievable and may require request for waiver or exemption by the REP. Ramp rate accuracy is
required for REP output from 20% to 95% of available maximum power.

Where REPs are required to have remote control and visibility facilities, these ramp rates shall apply
for remote instruction as well.

The maximum response delay (i.e. reaction time from instruction being received until the setpoint is
changed) for a REP instruction to change the active power setpoint is 10 seconds for local and remote
control.
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7 ANCILLARY SERVICES

The provisions for ancillary services as stipulated in the Transmission Grid Code section 162(1) shall
apply. In addition, as per the Namibia Detailed Electricity Market Design as may be amended, the SO
will determine the ancillary services requirements for the system which will then be procured by the
MO, which does not preclude bilateral arrangements between an NSP and an REPP for the provision
of ancillary services.
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8 SUPERVISORY CONTROL AND DATA ACQUISITION AND VISIBILITY REQUIREMENTS

Where supervisory control and visibility functions are required of the REP [refer Table 4], these shall
be in a format compliant with the particular NSP, and for the NGA or SO as well, where applicable.
It should be noted that this visibility extends to embedded generation plants.

The interface to the NSP shall be based on a suitable medium and technology which is compatible with
the NSP’s equipment, standard practices and requirements. The NSP shall provide the detailed
protocol data, signal requirements and formats for the visibility and control functions.

The minimum requirements for control and visibility facilities for both the NGA and NSP are presented
in Appendix 5 — Signal List Description.

The sending, storing, receiving and utilisation of data shall adhere to the required legislation on data
privacy and cyber security, as the case may be and as amended from time to time.
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9 METERING AND MEASUREMENT REQUIREMENTS

Metering shall be in accordance with NRS057, the Transmission Grid Code (Chapter 5) and Distribution
Grid Code (Chapter 6) respectively, for REPs connected to the transmission or distribution systems.

9.1 Tariff Metering

a)

b)

c)

Main and check meters, which shall be maintained and owned by the NSPs, shall be installed for all
REPPS in the C2 category, and used to bill the REPP for auxiliary load consumption. The same
metering arrangement shall be used for billing purposes by the REPP or by the NSP or MO on behalf
of the REPP.

The REPP may install a back-up meter effective at the POC either using line loss compensated
metering or installing additional equipment on the REP-side of the POC.

The metering system’s instrument transformers shall, for all installations, be selected for suitable
accuracy as defined by NRSO57. NSPs shall endeavor to optimize the system’s accuracy, taking
cognizance of the fact that many REPs require a small power supply during non-generation periods
which may be highly inaccurately metered due to the substantial difference in load level.

9.2 Power Quality Metering

All category C2 REPs shall have power quality monitoring instruments installed at the POC. The voltage

atthe POC, as well as the total current flowing into or from the REPP, shall be measured simultaneously
by a single instrument. The following requirements apply for these measurements:

a)
b)

c)

The instrument(s) shall comply with IEC 61000-4-30, class A.
The instrument(s) shall be set-up to record and store the 10-minute aggregated values for a
minimum period of 60 days, as well as transient data for all variables as stipulated in [3] [refer
section 2.2].
Three-phase measurements shall be done, taking into account the following:
i For a POC that is connected in Wye with a solidly earthed neutral, the phase- to-neutral
voltages and the phase currents shall be monitored;
ii. For all other systems, the phase-to-phase voltages and the phase currents shall be
monitored.
iii.  Any deviation shall be motivated and confirmed with the NSP when required.
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10 TESTING AND COMPLIANCE MONITORING

Before the REP may be put into service, a number of preliminary phases must be completed to the
satisfaction of the NSP and, for plants which are to be visible to the NGA or SO as well.

10.1 Preliminary Compliance

Compliance determination for a REP must be carried out as follows -

a) System Studies are required to prove conceptual compliance;

b) On-grid performance testing must be carried out to prove compliance.
Should a performance requirement not be able to be proven with on-grid performance testing, the
following steps should be taken:

a) The equipment manufacturer must provide written verification that there is no on-grid
performance testing method known to them, and which method is acceptable to the NSP, for
the particular performance requirement; and

b) The manufacturer must supply certification that the performance requirement can be met by
their equipment.

10.2 Phase 1: Off-grid testing

This phase consists of preliminary testing of all protective and primary plant as well as control systems
under witness of the relevant parties. On completion, all parties must be satisfied that the system is
suitable for service and connection to the NSP grid. The NSP may have additional requirements which
will be applicable as well.

During this period, preliminary testing of the operational and protective interlocking must be carried
out by the REPP under supervision of the NSP. The NSP is required to witness and countersign all tests.

10.3 Phase 2: Energisation and Grid Compliance testing

A complete set of performance tests are to be carried out, including, but not limited to:

a) Plant operating and control modes, including on-line mode change with smooth transitioning;

b) Plant ramp-up/ramp down capabilities;

¢) Plant PQ capability verification;

d) Anti-islanding detection;

e) Simulated LVRT performance;

f) Simulated HVRT performance; and

g) Operational interlocking;

The NSP may have additional test requirements. These must have been stipulated by the NSP during
the connection application phase.

10.4 Phase 3: Monitoring

Following the energisation and successful completion of the performance testing, the plant must be
monitored for a period of not less than 30 days, and the power quality and performance of the plant
assessed against the specified power quality and performance requirements. Should a parameter be
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changed or a correction be made to the plant based on a non-conformance, the 30-day monitoring
period shall re-start. The monitoring phase is intended to prove the plant compliance electrical
properties and behaviour as simulated and connected to the grid. Operational behaviour is concluded
during Phase 2 and is not a part of this phase.

Deviations of the REP from the modelled behaviour observed during phase 2 and phase 3 are to be
used to revise and update the plant model such that the model is reflective of the actual plant.

All REPPs shall be required to install permanent power quality recording meters as per [3 section 2.5]
in order to prove conformance against this code.
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11 REPORTING TO THE REGULATOR

The network participants shall design the systems and maintain records so that information can be
provided to the Regulator in accordance with their licence conditions in such a manner as prescribed
and published by the Regulator in [3] [refer section 2.2.1 in particular — Transmission Licensee here is
applicable to all category C2 and C3 REPs].
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12 POWER SYSTEM STUDIES AND ELECTRICAL DYNAMIC SIMULATION MODELS

It is a requirement of the NGA that all REP of categories C2, C3 and X2 have detailed and accurate
dynamic models of the REP constructed and submitted for preliminary assessment prior to the plant
being constructed.

It is the NSP’s responsibility to provide reduced network model data to the REP for the PCC in order to
carry out these studies.

Itis the REPP’s responsibility to construct the model and carry out the studies as above, to the approval
of the NSP.

The model of the REP must subscribe to the following minimum criteria:

a) The software package used shall be as prescribed by the NSP and approved by the Regulator;
b) The Power Plant Controller and inverter controllers must be modelled based on certified models
obtained from the suppliers of these devices;
¢) The model shall allow complete compliance testing of the whole REP system, as connected to the
NSP’s network, to be carried out, including:
i.  frequency response;
ii. P/f response;

iii. LVRT;

iv. HVRT;

V. Reactive power support;

vi. Active power control;
vii. Power factor control;
viii. Voltage Control;

iX. Harmonic distortion; and
X. For Synchronous Machine REP, fault decrement; and
Xi. EMT response.

If deemed necessary, the NGA may require the complete dynamically modelled REP as defined above
to consider sub-synchronous resonance risk. It is the responsibility of the REPP to construct a suitably
detailed and accurate model for this purpose, and it is the NGA's responsibility to carry out these
system studies.
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13 VARIATIONS TO EXISTING TRANSMISSION AND DISTRIBUTION CODES

13.1 Tolerance of Frequency and Voltage Deviations

The requirements in sections 5.1 and 5.2 are in addition to the Namibia Transmission Grid Code [1]
codes 42 to 51 and 57, 235 to 237; as well as the Namibia Distribution Grid Code [2] code 40; unless
specifically amended in this Code.

13.2 Reactive Power Capabilities and Voltage Control Functions

The requirements in sections 0 and 5.4 are in addition to the Namibia Transmission Grid Code [1] codes
119, 121, 135 and 168; as well as the Namibia Distribution Grid Code [2] code 52; unless specifically
amended in this Code.

13.3 Power Quality Requirements

The requirements in sections 0 and 5.4 are in addition to the Namibia Transmission Grid Code [1] codes
71, 237 to 239; as well as the Namibia Distribution Grid Code [2] code 12 and 77; unless specifically
amended in this Code.

13.4 Protection Requirements

The requirements in section 5.6 are in addition to the Namibia Transmission Grid Code [1] codes 28 to
36 and 240; as well as the Namibia Distribution Grid Code [2] codes 11, 27 to 39 and do not replace
these.

13.5 Active Power Constraint Requirements

The requirements in section 6 are in addition to the Namibia Transmission Grid Code [1] codes 169 to
170; as well as the Namibia Distribution Grid Code [2] code 45; unless specifically amended in this
Code.

13.6 Ancillary Service Requirements

The requirements in section 7 are in addition to the Namibia Transmission Grid Code [1] codes 158,
160 to 167; unless specifically amended in this Code.

13.7 Supervisory Control and Data Acquisition and Visibility Requirements

The requirements in section 8 are in addition to the Namibia Transmission Grid Code [1] codes 213 to
216, 219, and 241; as well as the Namibia Distribution Grid Code [2] codes 43, 58 and 81; unless
specifically amended in this Code.

13.8 Metering and Measurement Requirements
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The requirements in section 9 are in addition to the Namibia Transmission Grid Code [1] codes 194 to
203; as well as the Namibia Distribution Grid Code [2] codes 66 to 74; unless specifically amended in
this Code.

13.9 Testing and Compliance Requirements

The requirements in section 10 are in addition to the Namibia Transmission Grid Code [1] codes 3, 207
to 208 and 243; as well as the Namibia Distribution Grid Code [2] codes 78 to 82; unless specifically
amended in this Code.

13.10 Power System Studies and Simulation Models

The requirements in section 12 are in addition to the Namibia Transmission Grid Code [1] codes 207
and 242; as well as the Namibia Distribution Grid Code [2] codes 76 and 77 unless specifically amended
in this Code.
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APPENDICES

APPENDIX 1 - GOVERNANCE PROCEDURES

The Transmission Code Chapter 2, Part 1, 2, 3 and 4, shall apply to this Code as per section 3.2.4, with
the following amendments:

a)
b)
c)
d)
e)
f)

g)

The heading of Chapter 2 - reference to “Transmission System” should be amended to include the
wording “and Renewable Energy Grid Code”

The heading of Part 1 - reference to “Transmission Grid Code” should be amended to include the
wording “and Renewable Energy Grid Code”

Section 6(5)(c), the GCAC members: - add to “two members representing generators” the wording
“of which at least one member representing REPPs”;

Add “Renewable Energy Grid Code” to the heading “Secretariat of transmission and distribution
grid codes” before section 8;

Section 9(1), Registration and deregistration of participants — add “embedded generator” to the
list of participants listed for registration;

Add “and Renewable Energy Grid Code” to the heading “Transmission Grid Code amendment or
exemption process” before section 10; and

Generally, references to “Transmission Grid Code” should be amended to include the “Renewable
Energy Grid Code” in sections: 4, 7(1), 7(18), 8(1), 10(1)(a), 10(2)(a), 10(3)(b)(i), 10(6), 13(1), 17(3),
18(4), 21(1), 21(3), 21(5), 22(1), 22(2), 23(1), 23(2), 24(1) of the Governance Code of the
Transmission Grid Code.
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APPENDIX 2 — INVERTER-INTERFACED TECHNOLOGIES

Inverters
Inverter connected generation can be classified into two main categories:

e Grid following inverter generation
e Grid forming inverter generation

Table 18: Inverter types

Grid Following Inverter Grid Forming Inverter
— — — ~controllable
R = O T
—_— — v e =
source source
Source: Sandia National Laboratories Source: Sandia National Laboratories

Controls voltage magnitude and frequency
Instantaneous balances loads

Can operate on its own

Claimed to be able to achieve 100%
penetration

Controls Current and Phase Angle
Controls active and reactive power
Cannot operate on its own

Cannot achieve 100% penetration

oo oo
a0 oo

Grid following inverter generation

Grid following inverter generation is based on power electronics control and switching functions and
can contribute to grid frequency and control of active and reactive power. However, a grid following
inverter system cannot operate on its own (disconnected from the grid) and cannot independently
operate in a 100% inverter-interfaced generation system.

Grid forming inverter generation

Grid forming inverter generation is also based on power electronic control and switching functions
and can control grid frequency and control power output and voltage independently of the generation.

The development of “grid-forming” controls will allow wind and solar inverters to form voltage and
frequency levels like traditional generators, creating an opportunity for greater and more resilient
integration of these resources into the grid.

Inverters used in the applicable REP category shall be able to supply Grid support functions as per
IEEE1547-2018 “Standard for Interconnection and Interoperability of Distributed Energy Resources
with Associated Electric Power Systems Interfaces.”
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Wind

The following additional requirements are aligned with the South African requirements and adapted
from the source: “Grid Connection Code for Renewable Power Plants (RPPs) Connected to the Electricity
Transmission System (Ts) or the Distribution System (Ds) In South Africa”

High Wind Curtailment

a)

It shall be possible to continuously downward regulate the active power supplied by the REP to
an arbitrary value in the interval from 100% to at least 40% of the rated power. When downward
regulation is performed, the shutting-down of individual wind turbine generator systems is
allowed so that the load characteristic is followed as accurately as possible.

The wind power plant shall stay connected to the transmission and distribution systems at
average wind speeds below a predefined cut-out wind speed. The cut-out wind speed shall as a
minimum be 25 m/s, based on the wind speed measured as an average value over a 10-minute
period. To prevent instability in the transmission and distribution systems, the wind power plant
shall be equipped with an automatic downward regulation function making it possible to avoid a
temporary interruption of the active power production at wind speeds close to the cut-out wind
speed.

Downward regulation shall be performed as continuous or discrete regulation. Discrete regulation
shall have a step size of maximum 25% of the rated power within the hatched area shown in
Figure 20. When downward regulation is being performed, the shutting-down of individual wind
turbine generator systems is allowed. The downward regulation band shall be agreed with the
NSP upon commissioning of the wind power plant.

Figure 20: Downward regulation of active power at high wind speeds

Active power
r 3

100 %

80 %

40 %

20 %-| A

Wind speed
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Solar Photovoltaic

Special requirements for solar PV expected by an NSP, except the general requirement specified in
this code, shall form part of the requirements to be met by an REPP in such NSP’s network, provided
such additional NSP specifications and requirements are approved by the Regulator and published in
accordance with the regulatory regime and the NSP’s licence conditions.
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APPENDIX 3 — SYNCHRONOUS GENERATORS
Concentrated Solar Power with or without Thermal Storage

Special requirements for CSP expected by an NSP, except the general requirement specified in this
code, shall form part of the requirements to be met by an REPP in such NSP’s network, provided
such additional NSP specifications and requirements are approved by the Regulator and published in
accordance with the regulatory regime and the NSP’s licence conditions.

Biomass

Special requirements for Biomass expected by an NSP, except the general requirement specified in
this code, shall form part of the requirements to be met by an REPP in such NSP’s network, provided
such additional NSP specifications and requirements are approved by the Regulator and published in
accordance with the regulatory regime and the NSP’s licence conditions.

Biogas and Landfill Gas

Special requirements for Biogas expected by an NSP, except the general requirement specified in this
code, shall form part of the requirements to be met by an REPP in such NSP’s network, provided
such additional NSP specifications and requirements are approved by the Regulator and published in
accordance with the regulatory regime and the NSP’s licence conditions.

Small Hydro

There is not a common definition for small hydro, and capacities range from 50 MW (China, USA and
Canada); 15 MW (India) to 1.5 MW (Sweden). The most common and widely accepted category for
small hydro is up to 10 MW.

Special requirements for small hydro expected by an NSP, except the general requirement specified
in this code, shall form part of the requirements to be met by an REPP in such NSP’s network,
provided such additional NSP specifications and requirements are approved by the Regulator and
published in accordance with the regulatory regime and the NSP’s licence conditions.
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APPENDIX 4 - DOCUMENTATION

The documentation requirements are stipulated in the Transmission and Distribution codes
respectively, as well as in the Licence application procedures for each licensee.
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APPENDIX 5 — SIGNAL LIST DESCRIPTION

The following signal list is the minimum requirement for all REP which are required to have visibility
and control facilities. The REPP must liaise with the NSP and the NGA for the latest requirements in
this regard.

Table 19: Minimum Requirements for Signals from REP to NSP and NGA

CATEGORY NAME SUBGROUP NAME
CURRENT PLC DATE & TIME
PLC STATUS
GENERAL STATUS PV PLANT FLAGS STATUS

PV PLANT CONFIGURATION STATUS
CONFIGURATION PERMITTED RANGES
TOTALLED PV INVERTER STATUS
TOTALLED STORAGE INVERTER STATUS
TOTALLED BMS STATUS
TOTALLED POWER ANALYZER STATUS
TOTALLED METEO STATIONS STATUS
PLANT STATUS TOTALLED CAPACITOR BANKS STATUS

INDIVIDUAL INVERTER STATUS
INDIVIDUAL BMS STATUS
INDIVIDUAL POWER ANALYZER STATUS
INDIVIDUAL METEO STATION STATUS
INDIVIDUAL CAPACITOR BANKS STATUS
LIMITATION CURVES CONFIGURATION ALARMS

ALARMS CONTROL PARAMETERS CONFIGURATION ALARMS
SETPOINTS ALARMS
CONFIGURATION PARAMETER ACTUAL LIMITATION PARAMETERS
FEEDBACK ACTUAL CONTROL PARAMETERS

SETPOINTS FEEDBACK
OPERATION MODE FEEDBACK
POWER ANALYZER INSTANTANEOUS DATA
POWER ANALYZER FLICKER
POWER ANALYZER ENERGY COUNTERS STATUS
POWER ANALYZER ENERGY COUNTERS
POWER ANALYZER VOLTAGE HARMONICS
POWER ANALYZER CURRENT HARMONICS
POWER ANALYZER DATA POWER ANALYZER 6 DATA
POWER ANALYZER INSTANTANEOUS DATA
POWER ANALYZER FLICKER
POWER ANALYZER ENERGY COUNTERS STATUS
POWER ANALYZER ENERGY COUNTERS
POWER ANALYZER VOLTAGE HARMONICS
POWER ANALYZER CURRENT HARMONICS

OPERATION MODE STATUS

Page 63 of 89



Appendix 5 — Signal List Description

Final RE Grid Code

CATEGORY NAME

SUBGROUP NAME

METEO STATION DATA
METEOROLOGICAL STATION 1 DATA

CAPACITOR BANKS DATA
CAPACITOR BANK 1 DATA

CAPACITOR BANK 2 DATA

INVERTER DATA
INVERTER STATUS SUMMARY

MAIN CONFIGURATION
PLC DATE & TIME SYNCHRONIZATION

PV PLANT FLAGS CONFIGURATION

PLANT CONFIGURATION
RATED POWER OF POWER BLOCKS

INVERTER ENABLING FLAGS

PLANT MAINTENANCE
POWER BLOCKS START/STOP

BESS START/STOP

PARAMETERS CONFIGURATION
LIMIT PARAMETERS CONFIGURATION

CONTROL PARAMETERS CONFIGURATION

OPERATION MODE
CONFIGURATION
SCADA SETPOINT COMMANDS

SCADA OPERATION MODE COMMANDS

SYSTEM OPERATOR SETPOINT COMMANDS

SYSTEM OPERATOR OPERATION MODE COMMANDS

POWER ANALYZER 1 READ DATA
POWER ANALYZER INSTANTANEOUS READ DATA

POWER ANALYZER READ FLICKER

POWER ANALYZER READ ENERGY COUNTERS STATUS

POWER ANALYZER READ ENERGY COUNTERS

POWER ANALYZER READ VOLTAGE HARMONICS

POWER ANALYZER READ CURRENT HARMONICS

METEO STATION READ DATA

METEOROLOGICAL STATION READ DATA

CAPACITOR BANKS READ DATA

CAPACITOR BANK 1 READ DATA

CAPACITOR BANK 2 READ DATA

CAPACITOR BANKS WRITE DATA

CAPACITOR BANK 1 WRITE DATA

CAPACITOR BANK 2 WRITE DATA

INVERTER COMMANDS &
FEEDBACK

INVERTER DATE & TIME SYNCHRONIZATION

COMMAND: CHANGE OPERATING SETPOINT

COMMAND: CHANGE OPERATING MODE

Source 20: NamPower, 2020
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APPENDIX 6 — TEST PROCEDURES

FATs The NSP or SO will provide the generic FAT procedures which shall be

updated by the REPP. The final test procedure shall be agreed upon by the
parties. The REPP shall submit the pre-factory acceptance tests results to SO
or NSP at a reasonable period prior to the grid compliance testing of the REP.

Factory Acceptance tests shall be done by the REPP where NSP or SO might
reserve the right to witness.

SATs The NSP or SO will provide generic SAT procedures which shall be updated

by the REPP. The final test procedure shall be agreed upon by the parties.
Pre-site acceptance tests shall be done jointly by the parties using the NSP or
SO’s applicable development systems to ensure inter-operability.

Site acceptance tests shall be done to the NSP or SO’s requirements.

Commissioning Commissioning of the point to point testing of all specified signals to ensure
and grid that they are correctly configured and effect the correct operation shall be
compliance testing conducted before grid compliance testing.

The NSP or SO will provide test procedures for grid compliance testing.

Compliance test specifications

In order to verify the performance of the REP, energised system testing and measurements shall be
conducted in conjunction with the NSP as agreed beforehand. Possible energised system tests could

include:

a) Auditing of metering systems and verification of plant maximum power output.

b) Control mode selection changes (V-control, PF-control, Q-control) and step response tests as
agreed.

c) Power order set point, power ramp, voltage set point, voltage ramp, etc. tests as agreed.

d) Verification of PQ capability curve as far as network configuration allows within allowable voltages.

e) Island detection / Loss of Grid test with possible local load at PCC to equal the REP active and
reactive power generation.

f) Staged single phase fault on NSP side of POC to test LVRT response with transient recordings as
agreed.

g) Harmonicvoltage and current measurements at the PCC / POC for different power levels as agreed
during a two-week continuous operation with different system configurations.

h) Other tests as agreed.

Plant-side information and data recorded by dynamic system monitors, wind/solar
measurements, harmonic content, voltage dip monitoring, etc. should be made available during
and after energised system testing to compare with the NSP-side Quality of Supply recorders and
measurements for the purpose of performance verification, control system tuning, and planning
information. On-line access to plant- side information with required security measures would be
an added advantage.

Page 65 of 89



Appendix 6 — Test Procedures Final RE Grid Code

Checklists

The following checklists were adapted from NamPower’s checklists for embedded generators, as an
example of typical checklists. The NSPs needs to develop similar checklists and provided these to the
REPPs prior to commissioning and testing.

Checklist 1: Before Energisation

Protection

1. All wiring checked.

2. Verify all bay equipment are installed as per approved SLD

3. Primary equipment tested and results are compared with technical specs and
nameplate values

4. PAC scheme/s FATed

5. PAC scheme/s installed and SAT conducted

6. Logics & Interlocks in place and tested

7. All alarms configured and added to the display point

8. Group alarms created for SCADA

9. Protection and interlocking signals between REP and the NSP tested

10. Application drawings correctly updated where necessary

11. PAC scheme/s protection settings Implemented and tested

12. AC supply systems in place

13. Where required, all test reports submitted and approved by the NSP
14. Control circuit, PAC scheme & labels correctly installed

15. Make sure that the Bay/s is/are ready for energization

Communication & SCADA

16. Communication & SCADA: correct equipment ordered, delivered, installed and tested
17. Communication between NSP and REP working

18. SCADA comms to national control in place and working

19. SCADA signal list shared with REP and implemented and tested with NSP

20. SCADA NP feeder configured and tested

21. Where required, all test reports submitted and approved by NSP

22. Equipment and panel labels correctly installed

Switchgear

23. Correct equipment ordered, delivered, installed and tested

24. Where required, all test reports submitted and approved by NSP
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25. Equipment labels correctly installed

DC Systems

26. DC supply systems in place
27. Equipment and panel labels correctly installed

28. Earth mat tested

Metering, Power Quality

29. Metering panel installed, wired and commissioned
30. Power Quality recorders installed and working

31. Equipment and panel labels correctly installed

Project Management & Engineering Design

32. REP completed and ready for energisation

33. Certified plant model submitted and approved

34. All protection settings issued, Implemented, tested

35. Control room upgrades completed; snags corrected

36. All SHEW matters attended to

37. Correct equipment ordered, delivered, installed and tested
38. Operating drawing updated and circulated by NSP

39. REP SLD submitted to NSP

40. Certificate of Compliance (CoC) completed, where applicable
41. Equipment and panel labels correctly installed

42. All PV side safety checks done. Confirmed safe for energisation.

43. Feeder construction completed

Checklist 2: Before Compliance Testing

Power Plant Controller in place, tested
Setpoints tested

Takeover certificate of feeder/bay completed

i S

Local and remote-control options of the REP available
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Test Procedures

The following test procedures are aligned with the South African requirements and adapted from the
source: “Grid Connection Code for Renewable Power Plants (RPPs) Connected to the Electricity
Transmission System (Ts) or the Distribution System (Ds) In South Africa”.

Procedure 1: REP protection function verification

APPLICABILITY AND FREQUENCY

All new REPs coming on line or at which major refurbishment or upgrades of protection
systems have taken place.

Routine review: All generators to confirm compliance every six years.
PURPOSE

To ensure that the relevant protection functions in the REP are coordinated and aligned
with the system requirements.

PROCEDURE

1. Establish the system protection function and associated trip level requirements
from the SO or relevant NSP.

2. Derive protection functions and settings that match the REP and system
requirements.

3. Confirm the stability of each protection function for all relevant system
conditions.

4. Document the details of the trip levels and stability calculations for each
protection function.

5. Convert protection tripping levels for each protection function into a per unit
base.

6. Consolidate all settings in a per unit base for all protection functions in one
document.

7. Derive actual relay dial setting details and document the relay setting sheet for
all protection functions.

8. Document the position of each protection function on one single line diagram
of the generating unit and associated connections.

9. Document the tripping functions for each tripping function on one tripping
logic diagram.

10. Consolidate detail setting calculations, per unit setting sheets, relay setting
sheets, plant base information on which the settings are based, tripping logic
diagram, protection function single line diagram and relevant protection relay
manufacturers’ information into one document.

11. Submit to the SO or relevant NSP for its acceptance and update.

Review:

12. Review Items 1 to 10 above.
13. Submit to the SO or relevant NSP for its acceptance and update.
14. Provide the SO or relevant NSP with one original master copy and one working

copy.
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ACCEPTANCE CRITERIA

All protection functions are set to meet the necessary protection requirements of the
REP with a minimal margin, optimal fault clearing times and maximum plant
availability.

Submit a report to the SO or relevant NSP one month after commissioning and six-yearly for
routine tests.

Procedure 2: REP protection integrity verification

APPLICABILITY AND FREQUENCY

All new REPs coming on line and all other power stations after major works of refurbishment
of protection or related plant. Also, when modification or work has been done to the
protection, items 2 to 5 must be carried out. This may, however, be limited to the areas
worked on or modified.

Routine review:

All REPs on:
Item 1: Review and confirm every 6 years
Iltem 2, and 3 below: at least every 12 years.

PURPOSE
To confirm that the protection has been wired and functions according to the
specifications.

PROCEDURE

1. Apply final settings as per agreed documentation to all protection functions.

2. With the unit off load and de-energized, inject appropriate signals into
every protection function and confirm correct operation and correct
calibration. Document all protection function operations.

3. Carry out trip testing of all protection functions, from origin (e.g. Buchholz
relay) to all tripping output devices (e.g. HV breaker). Document all trip test
responses.

4. Apply short-circuits at all relevant protection zones and with generator at
nominal speed excite generator slowly, record currents at all relevant
protection functions and confirm correct operation of all relevant
protection functions. Document all readings and responses. Remove all
short-circuits.

5. With the REP at nominal production. Confirm correct operation and correct
calibration of all protection functions. Document all readings and
responses.

Review:

Submit to the SO or relevant NSP for its acceptance and update.

ACCEPTANCE CRITERIA

All protection functions are fully operational and operate to required levels within the relay
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OEM allowable tolerances. Measuring instrumentation used shall be sufficiently accurate and
calibrated to a traceable standard.

Submit a report to the SO or relevant NSP one month after test

Procedure 3: REP active power control capability verification

APPLICABILITY AND FREQUENCY

All new REPs coming on line and after major modifications or refurbishment of related
plant components or functionality.

Routine test/reviews: Confirm compliance every 6 years.

PURPOSE
To confirm that the active power control capability specified is met.

PROCEDURE

The following tests shall be performed within an active power level range of at least 0.2p.u.
or higher

1. The REP will be required to regulate the active power to a set of specific
setpoints within the design margins.

2. The REP will be required to obtain a set of active power setpoints within
the design margins with minimum two different gradients for ramping
up and two different gradients for ramping down.

3. The REP will be required to maintain as a minimum two different set
levels of spinning reserve within the design margins.

4. The REP will be required to operate as a minimum to limit active power
output according to two different absolute power constraint set levels
within the design margins.

5. The REP will be required to verify operation according to as a minimum
two different parameter sets for a frequency response curve within the
design margins.

ACCEPTANCE CRITERIA

1. The REP shall maintain the set output level within £2% of the capability
registered with the SO, NSP or another network operator for at least one hour.

2. The REP shall demonstrate ramp rates with precision within £2% of the
capability registered with the SO, NSP or another network operator for ramp up
and down.

3. The REP shall maintain a spinning reserve set level within £2% of the capability
registered with the SO, NSP or another network operator for at least one hour.

4. The REP shall maintain an absolute power constraint set level within £2% of the
capability registered with the SO for at least one hour.

5. The REP shall demonstrate that the requested frequency response curves can
be obtained.

Submit a report to the SO, NSP or another network operator one month after the test.
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Procedure 4: REP reactive power control capability verification

APPLICABILITY AND FREQUENCY

All new REPs coming on line and after major modifications or refurbishment of related
plant components or functionality.

Routine test/reviews: Confirm compliance every 6 years.

PURPOSE
To confirm that the reactive power control capability specified is met.

PROCEDURE

The following tests shall be performed within an active power level range of at least 0.2p.u.
or higher

1. The REP will be required to regulate the voltage at the PCC to a set level within
the design margins.

2. The REP will be required to provide a fixed Q to a set level within the design
margins.

3. The REP will be required to obtain a fixed PF within the design margins.

ACCEPTANCE CRITERIA

1. The REP shall maintain the set output level within £5% of the capability
registered with the SO, NSP or another network operator for at least one hour.

2. The REP shall maintain the set Q within £2% of the capability registered with
the SO, NSP or another network operator for at least one hour.

3. The REP shall maintain the set PF within £2% of the capability registered with
the SO, NSP or another network operator for at least one hour.

Submit a report to the SO, NSP or another network operator one month after the test.

Procedure 5: REP power quality calculations

APPLICABILITY AND FREQUENCY

All new REPs coming on line and after major modifications or refurbishment of related
plant components or functionality.

Routine test/reviews: Confirm compliance every 6 years.

PURPOSE
To confirm that the limits for all power quality parameters specified is met
PROCEDURE

The following tests shall be calculated within a minimum active power level range from
0.2p.u. to 1.0p.u.

1. Calculate the levels for rapid voltage changes are within the limits specified
over the full operational range.
2. Calculate the flicker levels are within the limits specified over the full
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operational range.

3. Calculate the harmonics are within the limits specified over the full operational
range.

4. Calculate the inter-harmonics are within the limits specified over the full
operational range.

5. Calculate the disturbances higher than 2 Hz are within the limits specified over
the full operational range.

ACCEPTANCE CRITERIA

1. The calculations shall demonstrate that the levels for rapid voltage changes are
within the limits specified over the full operational range.

2. The calculations shall demonstrate that the flicker levels are within the limits
specified over the full operational range.

3. The calculations shall demonstrate that the harmonics are within the limits
specified over the full operational range.

4. The calculations shall demonstrate that the inter-harmonics are within the
limits specified over the full operational range.

5. The calculations shall demonstrate that the disturbances higher than 2 Hz are
within the limits specified over the full operational range.

Submit a report to the SO, NSP or another network operator one month after the test.
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APPENDIX 7 — PROVISION OF TECHNICAL NETWORK / GRID DATA TO REPPS

The following additional requirements are adopted from the South African source: “Grid Connection
Code for Renewable Power Plants (RPPs) Connected to the Electricity Transmission System (Ts) or the
Distribution System (Ds) In South Africa”.

Introduction

The aim of this appendix is to regulate the provision of network/grid data from the NSP to the REPPs.
This document is applicable to all generators connected to the medium voltage level and above. It is
not applicable to generators in the C1 category.

Definitions

“Lumped Load” refers to the aggregated sum of individual loads connected at a specific busbar;

“Lumped Generation” refers to the aggregated sum of individual generation units connected at a
specific busbar;

“Equivalent Network” is a reduced network consisting of a source infeed/s, boundary bus(es),
interconnecting transformer(s) and surrounding network that represents the behaviour of the external
system as seen from its boundary bus;

“Interconnecting Transformers” is the network transformer(s) that connect the surrounding network
to the boundary bus representing the external network;

“Surrounding network” is the network at the same voltage level as the POC, and for extensive
surrounding networks, parts of the network may be represented by lumped sources and/or lumped
loads;

“Network Boundary” is one voltage level above the POC;

“External network” is the rest of the network which is represented by the boundary bus and source
infeed(s);

“Fault level(s)” is also known as short circuit level(s) and provides information on the strength of the
network and equivalent source impedance under defined conditions.

“Normal short circuit level”  must be calculated on basis of an operational scenario with
maximum generation and equipment (such as line, transformers etc) in service (in the sourcing grid
using a high load case) as per the Transmission Development Plan (TDP);

“Maximum design short circuit level” is the maximum recommended IEC fault level rating for the
specific voltage level at the POC which the generating plant shall be designed to withstand;

“Minimum short circuit level” must be calculated on basis of an operational scenario with minimum
generation (in the sourcing grid) in service (typically minimum load case) and contingency scenario
that gives the minimum fault level; provided the network is within an operable range.

e Note that the calculation method for both the maximum and minimum short circuit levels shall
be stated/included with the specific values i.e. IEC 60909 or the complete method.

e Worst case contingency scenario: Credible contingency scenarios (contingencies having a
probability that is still in a range that makes it likely to be observed over a lifetime of e.g. 20
years) leading to minimum short circuit level/maximum network impedance at the POC
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Information Exchange

General

The NSPs shall make every endeavour to provide the latest up to date information for the purposes
required, however the NSPs do not guarantee the accuracy of the information. The information that
shall be provided shall be the NSPs best available information at the time of request as stipulated in
the Code.

Simulation Studies Requirements for Generation Integration

Studies to be performed by the Network Service Provider

The NSP is responsible to conduct generation grid impact studies. It must be noted that some of these
studies are done in stages i.e. some are conducted during the feasibility (depending on generator
technology types); while more detailed studies are only done during the design phases due to the
overall grid impacts of all approved Generators.

These studies may include:

a) Load flow studies, contingency analysis (verification of thermal loading and voltages),
b) Short Circuit studies (verification of short circuit rating of existing equipment, impact on
protection),
c) Stability Studies:
i.  Transient stability studies (impact on critical fault clearing times, stability constraints and
transfer limits of the entire connected system)
ii. Oscillatory stability studies
iii. Frequency stability studies
iv.  Voltage stability studies (long-term and short-term)
d) Power Quality studies (The network harmonic impedance for network normal and a reasonable
range of contingencies at the proposed point of connection).

Studies to be performed by the Renewable Energy Power Producers

The REPP shall design his/her power plant and conduct grid code compliance studies. The renewable
energy power plant technology can either be synchronous generator (for example, Concentrated Solar
Power or CSP, biomass, landfill gas etc.) or inverter-interfaced and/or asynchronous machines (such
as Solar PV or wind farms).

Inverter interfaced generators and/or asynchronous generators

The studies to be completed by the generator for inverter-interfaced and asynchronous generating
facilities (e.g. wind or PV farms) are listed as follows:

a) Design studies
i Load flow and short circuit studies for design purposes (equipment rating)
ii.  Quality of supply (QoS) studies:
e to meet allowed QoS emission limits
e limit the resonance caused by the installation
e anticipated voltage variations due to internal switching actions.
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b) Grid Code Compliance Studies
i Reactive power capability studies (based on load flows)
ii. LVRT studies (wind farms/PV farms)
iii. HVRT studies (wind farms/ PV farms)

iv. Power quality assessment (harmonics, voltage unbalance, rapid voltage changes and voltage
flicker)

Synchronous generators

The following studies shall be conducted if the generating facility is a synchronous machine (such as
CSP, biomass, hydro, landfill plants):

a) Design studies
i Load flow and short circuit studies for design purposes (equipment rating)
ii.  Quality of supply (QoS) studies:
e to meet allowed QoS emission limits
e limit the resonance caused by the installation
e anticipated voltage variations due to internal switching actions.
b) Grid Code Compliance Studies
i Reactive power capability studies (based on load flows)
ii.  Transient Stability Studies
iii. Excitation system requirements as per the Transmission Code
iv. Power quality assessment (harmonics, voltage unbalance, rapid voltage changes and voltage
flicker)

Information Exchange between the NSP and the REPP

REP data exchange shall be a time-based process as follows.

a) First stage (during the application for connection; also referred to as feasibility stage)
i The following information shall be submitted by the REPP to the NSP:
e Physical location of the generating plant (including the GPS coordinates)
e Site Plan
e Type of the generating power plant (e.g. wind, Solar PV, CSP, land-fill, biomass etc.)
e Total generating plant MW output
e Total capacity (MW) that will be exported into the grid of the NSP
e Initial phase MW value
e Final phase MW value and timelines
e Any other information that the service provider may reasonably require
ii. The NSP shall make available to the generator or its duly appointed agent at least the following
information:
e Define the Point of Connection and the Point of Common Coupling
e Including the nominal voltages
o Expected maximum fault levels at the point of connection
e Expected minimum fault levels at the point of connection

b) Second stage (during the design stage; for the generator to design his plant and conduct the grid
code compliance studies). During this stage, the NSP shall provide information on the equivalent
network as described below.
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Data provisions by the NSP for the Equivalent Network, for the generating power plant design
and grid code compliance studies (excluding harmonic studies)

Source infeed

Fault levels and
X/R ratios will be
provided for the
following
network
conditions

Surrounding
network

The equivalent
network

The source infeed(s) at the boundary bus(es) which represents the
external network. This is typically one voltage level higher than the POC
voltage.

Transformer(s) connecting the boundary bus(es) to the surrounding
network e.g. 400/132kV, 330/220/132kV, 132/33kV etc.

Expected operating maximum and minimum fault levels [before and after
connection, using the year of connection as the reference] at the
boundary bus(es) (i.e. 400kV, 220kV, 132kV), including X/R ratios to model
the correct network source in-feed(s) of the external network

Normal short circuit level,

Maximum design short circuit level based on the planning horizon,
Minimum short circuit level. Minimum short circuit level must be
calculated on basis of an operational scenario with minimum generation
(in the sourcing grid) in service (typically minimum load case) and
contingency scenario that gives the minimum fault level; provided the
network is within an operable state. Note: the calculation method for
both the maximum and minimum short circuit levels shall be
stated/included with the specific values i.e. IEC 60909.

Worst case contingency scenario: Credible contingency scenarios
(contingencies having a probability that is still in a range that makes it
likely to be observed over a lifetime of e.g. 20 years) leading to minimum
short circuit level/maximum network impedance at the POC.

Surrounding network at the same voltage level as the POC,
The lumped peak load and minimum load (based on metering data, where
available),
If there is any generation within the surrounding network, such
generation shall be represented by generic models,
Any loads and/or generation at lower voltage levels, fed from the
surrounding network will be lumped at the surrounding network voltage
level,
Information on the available present network interruption performance
and Quality of Supply (QOS) levels at the PCC or the closest node in the
network; including the expected background harmonic distortion of the
grid before connection of the generation facility. This shall include:

0 Indicative frequency sweeps at the POC
Voltage unbalance
Voltage dips
Network interruption performance data
Voltage Total Harmonic Distortion (THD) levels (where available)
The system normal and minimum fault levels at POC

O O 00O

Note: voltage unbalance, voltage dips, network interruption performance
data, voltage harmonics is for information purposes only.

All lines (or cables) of the surrounding network. Note that the surrounding
network is the same voltage of the POC.
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Lines and cables
data

Synchronous
power plant data

Non-synchronous
power plant data

All synchronous power plants feeding into the surrounding network, using
an aggregated generic model of the generating plant.

All other non-synchronous power plants (e.g. wind farms, PV-inverters)
using an aggregated, generic model (e.g. IEC-type model, IEEE standard
models) at the POC of each of the farms.

Loads shall be aggregated and modelled by one equivalent load
connected to the surrounding network.

Feeders having load and generation shall be reduced and represented
by one aggregated load and one equivalent generator connected to the
surrounding network.

Transformer(s) connecting to transmission system of the surrounding
network, e.g. 400kV/132kV, 220kV/132kV, 132kV/33kV

Shunt compensation devices

Source in-feed(s)

Lines:

0 Length, positive and zero sequence impedance per length (R1’,X1’
/RO’, X0’), positive and zero sequence capacitance (or susceptance
per length) (C1’/C0’).

Cables:

0 Length, positive and zero sequence impedance per length (R1’,X1’
/RQ’, X0’), positive and zero sequence capacitance (or susceptance
per length) (C1’/C0’).

Synchronous power plants having connection point in surrounding
network:

O Generator transformer (Rated capacity, short circuit impedance
(R1’,X1’, RO’, X0’), no-load impedance (iron losses/magnetizing
reactance)

0 Synchronous generator (Rated capacity, voltage level and
synchronous machine parameters)

0 Generic models for Automatic Voltage Regulator (AVR) and Power
System Stabilizers (PSS)

Other, Non-Synchronous power plants (e.g. wind farms, PV-farms)
having connection point in surrounding network:

O Aggregated generator transformer (Rated capacity, short circuit
impedance (R1’,X1’, RO’, XO0’), no-load impedance (iron
losses/magnetizing reactance)

0 Main MV bus-bar of generator installation

0 Aggregated, generic model of non-synchronous generator at main
MV- bus bar of the windfarm/PV farm, e.g. IEC-type model/IEEE
standard model.

At a minimum, the following data/properties shall be represented:

O Rating of the generation installation

0 Control mode during normal operation (farm controller, e.g.
voltage, power factor etc.)

O Reactive power capacity (using grid code characteristic)

0 Dynamic model with main focus on the generator’s behaviour
during LVRT- events.
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0 If additional dynamic components are used (e.g. REACTIVE POWER
COMPENSATOR, Capacitors,
0 SVCs) must also be represented

Feeders e Feeder loads:
0 Lumped, aggregated load model (without feeder transformer).
0 Maximum load with applicable power factor.
e Feeders with embedded generation:
0 Parallel connection of equivalent Feeder-Load and equivalent,
generic generator.
0 Maximum load with applicable power factor.
0 Maximum generation with operating power factor

Transformers and MTS Transformer (e.g. 400/132kV, 220/132kV, 132/33kV):
shunts 0 Transformer rating
Rated voltages of transformer
Short circuit impedance (R, X)
No-load current and iron losses
Information about tap changer (number of taps, tap steps,
max./min. taps, on- load/off-load, controlled node, control mode)
e Shunt compensation devices
0 Generic models of the shunt compensation devices
0 All the voltage switching ranges
0 Control set point

O O 0O
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APPENDIX 8 — RENEWABLE ENERGY PLANT POWER QUALITY COMPLIANCE

REP Power Quality Compliance Assessment

The REP Power Quality Compliance assessment falls into two categories:

a) Compliance Assessment 1: REP Simulation
b) Compliance Assessment 2: REP Compliance Measurement

Renewable Energy Plant Modelling and Simulation
The NSP is required to specify the harmonic limits and unbalance limits by means of either method 1
or method 2 as described in section 3.5.

The REP design must be considered from for the specified maximum POC Voltage Dip depth and
duration [refer section 3.5.3].

For harmonic compliance assessment, the REPP must construct an accurate model of the REP in order
to ensure accurate frequency domain representation for the purposes of harmonic assessment.

If method 1 is applied by the NSP, the harmonic pollution levels must be shown in the model to be
lower than the limits prescribed by the NSP for all harmonics as well as the THD.

If method 2 is applied by the NSP, the harmonic pollution levels, the measured harmonic content and
system harmonic impedance as measured by the NSP must be applied to the POC bus. the system as
a whole must then be shown to have a lower harmonic pollution than the levels specified for method
2.

Renewable Energy Plant Compliance Measurement

The final compliance assessment takes place once the REP has been put into service. This compliance
assessment is fully described in Appendix 10.

Typical Case Studies

A—2 x5.0MW Solar PV Farm

Select REP Data for this case study:

- POC Voltage: 11kVv
- POC Lowest Fault Level: 55MVA

Plant Categorisation:

a) Voltage: 11kVv => V2
b) Capacity: 10MVA => C2 (Capacity is for the combined REP at the PCC)
¢) Impact: => X2

Impact analysis:

As the internal PV plant reticulation is at the same voltage level as the 11kV bus PCC, and these systems
are directly connected, the system impact will be greater than 20% for an internal reticulation network
fault.
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Power Quality Assessment 1 — Modelling and Simulation:
Dip limits: Considering allowable dip limits and the outcomes of the modelling and REP studies:

Table 20: REP Design Power Quality Assessment Example 1.

Event Dip Allowance Dip Duration Assessment

PCC CB Open/Close <0.05p.u. N/A 0.02 - OK

Code Internal Subnetwork | <0.02p.u. N/A 0.01-0K

CB Open/Close

Code Internal reticulation | <0.10p.u. <500ms >0.10 pu — see
3-phase fault next requirement
Code Internal reticulation | >0.10p.u. <100ms >0.10pu -
3-phase fault therefore  fault

clearance <100ms
required. Unit
protection for all
reticulation
components
required.

Code internal reticulation | <0.10p.u. <500ms <0.10pu, can be
phase-ground fault cleared on backup
protection in
<500ms

Harmonic assessment:

The NSP selected method 2. Studies therefore include the injection of the background harmonics on
the POC bus. The final assessment is then done for the following harmonic limits:

Table 21: Harmonic limits determination for method 2 example.

Total Harmonic planning levels
Harmonic order h Harmonic voltage %

2 1.6
3 4
4 1
5 5
6 0.5
7 4
8 0.4
9 1.5
10 0.4
11 3
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Total Harmonic planning levels
Harmonic order h Harmonic voltage %
12 0.2
13 25
14 0.2
15 0.3
16 0.2
17 1.6
18 0.2
19 1.2
20 0.2
21 0.2
22 0.2
23 1.2
24 0.2
25 1.2
>25 0.2+0.5*¥25/h
Inter-harmonics 0.2
THD <6.5

The POC harmonic content as per the model is found to be:

Figure 21: Simulated harmonic levels example for method 2.
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The model indicates that the plant harmonics will be within limits and no changes to plant
configuration or special filter equipment would appear to be required.
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A—2 x 15.0MW Solar PV Farm

Select REP Data for this case study:

- POC Voltage: 110kV
- POC Lowest Fault Level: 42MVA

Plant Categorisation:

d) Voltage: 110kVv => V2

e) Capacity: 30MVA => C2 (Capacity is for the combined REP capacities at the
PCC)

f) Impact: => X2

Impact analysis:

For this REP, the impact is assessed as follows:

Equation 1:
__ PCCraTED o _
AVpccp,s = T x 100% =30/42 x 100 =71%
Equation 2:
AVpee pir = “SBEEEELT 5 1009 = 8/42 x 100 = 19%
- PCC

Power Quality Assessment 1 — Modelling and Simulation:

Dip limits: Considering allowable dip limits and the outcomes of the modelling and REP studies:

Table 22: REP Design Power Quality Assessment Example 2.

Event Dip Allowance Dip Duration Assessment

PCC CB Open/Close <0.05p.u. N/A 0.08 — NOT OK
Code Internal Subnetwork | <0.02p.u. N/A 0.03 - NOT OK

CB Open/Close

Code Internal reticulation | <0.10p.u. <500ms >0.10 pu — see
3-phase fault next requirement
Code Internal reticulation | >0.10p.u. <100ms >0.10pu -
3-phase fault therefore  fault

clearance <100ms
required. Unit
protection for all
reticulation
components
required.
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Code internal reticulation | <0.10p.u. <500ms <0.10pu, can be

phase-ground fault cleared on backup
protection in
<500ms

Since the switching impact is shown to be outside of the tolerable dips in the first two lines of the table
above, the plant topology has to be re-configured to address these. The result of increasing the
number of connection points to 2 per 15MW system and creating redundant rings on the internal
network results in the following:

Table 23: REP Design Power Quality Assessment Example 2 - Revised Topology.

Event Dip Allowance Dip Duration Assessment

PCC CB Open/Close <0.05p.u. N/A 0.04 — OK

Code Internal Subnetwork | <0.02p.u. N/A 0.015- 0K

CB Open/Close

Code Internal reticulation | <0.10p.u. <500ms >0.10 pu — see
3-phase fault next requirement
Code Internal reticulation | >0.10p.u. <100ms >0.10pu -
3-phase fault therefore  fault

clearance <100ms
required. Unit
protection for all
reticulation
components
required.

Code internal reticulation | <0.10p.u. <500ms <0.10pu, can be
phase-ground fault cleared on backup
protection in
<500ms

Harmonic assessment:

The NSP selected method 1. Based on the apportionment margin of 3, with no recorded background
harmonics, the NSP calculates and specifies the following harmonic limits:

Table 24: Harmonic limits determination for method 1 example.

Total Harmonic planning levels
Harmonic order h Harmonic voltage Margin
2 0.53
1.3
4 0.3
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Total Harmonic planning levels
Harmonic order h Harmonic voltage Margin
5 1.7
6 0.2
7 1.3
8 0.1
9 0.5
10 0.1
11 1.0
12 0.1
13 0.8
14 0.1
15 0.1
16 0.1
17 0.5
18 0.1
19 0.4
20 0.1
21 0.1
22 0.1
23 0.4
24 0.1
25 0.4
>25 (0.2 +0.5*25/h)/k
Inter-harmonics 0.07
THD <2.2

The POC harmonic content as per the model is found to be:
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Figure 22: Simulated harmonic levels example for method 1.
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The model indicates that the plant harmonics will be within limits and no changes to plant
configuration or special filter equipment would appear to be required.

Page 85 of 89



Appendix 9 — List of Relevant National and International Standards Final RE Grid Code

APPENDIX 9 — LIST OF RELEVANT NATIONAL AND INTERNATIONAL STANDARDS

e |EC62271-1: High-voltage switchgear and control gear - Part 1: Common specifications for
alternating current switchgear and control gear

e |EC62271-100: High-voltage switchgear and control gear - Part 100: Alternating-current
circuit-breakers

e |EC62271-102: High-voltage switchgear and control gear - Part 102: Alternating current
disconnectors and earthing switches

e |EC62271-203: High-voltage switchgear and control gear - Part 203: Gas-insulated metal-
enclosed switchgear for rated voltages above 52 kV

e |EC62271-205: High-voltage switchgear and control gear - Part 205: Compact switchgear
assemblies for rated voltages above 52 kV

e |EC62271-209: High-voltage switchgear and control gear - Part 209: Cable connections for
gas-insulated metal-enclosed switchgear for rated voltages above 52 kV - Fluid-filled and extruded
insulation cables - Fluid-filled and dry-type cable-terminations

e |EC62271-301: High-voltage switchgear and control gear - Part 301: Dimensional
standardization of high-voltage terminals

e |EC 60085: Electrical insulation - Thermal evaluation and designation

e |EC 60376: Specification of technical grade sulphur hexafluoride (SF6) for use in electrical
equipment

e |EC 60529: Degrees of protection provided by enclosures (IP Code)

e |EC60947-7-1: Low-voltage switchgear and control gear - Part 7-1: Ancillary equipment -
Terminal blocks for copper conductors

e |EC61462: Composite hollow insulators - Pressurized and unpressurized insulators for use in
electrical equipment with rated voltage greater than 1000 V - Definitions, test methods,
acceptance criteria and design recommendations

e |EC 61472: Live working - Minimum approach distances for a.c. systems in the voltage range 72,5
kV to 800 kV - A method of calculation

e |EC61869-2: Instrument transformers - Part 2: Additional requirements for current
transformers
e |EC61869-3: Instrument transformers - Part 3: Additional requirements for inductive

voltage transformers
e |EC 61936: Power installations exceeding 1 kV a.c. — Part 1 Common rules

e |EC-TS60815-1: Selection and dimensioning of high-voltage insulators intended for use in
polluted conditions - Part 1: Definitions, information, and general principles

e |EC-TS60815-2: Selection and dimensioning of high-voltage insulators intended for use in
polluted conditions - Part 2: Ceramic and glass insulators for a.c. systems

e |EC-TS60815-3:  Selection and dimensioning of high-voltage insulators intended for use in
polluted conditions - Part 3: Polymer insulators for a.c. systems

e ENISO 12944-5: Paints and varnishes - Corrosion protection of steel structures by protective
paint systems - Part 5: Protective paint systems
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e CENELEC-EN 50052: High-voltage switchgear and control gear - Gas-filled cast aluminium
alloy enclosures

e |SO216: Writing paper and certain classes of printed matter - Trimmed sizes - A and B series,
and indication of machine direction

e  Regarding the insulation medium SF6 the latest issue of the Regulations of the European Union
(EU) concerning fluorinated greenhouse gases shall apply as listed below.

e (EU)2018/842: Regulation (EU) 2018/842 of the European Parliament and of the Council of
30 May 2018 on binding annual greenhouse gas emission reductions by Member States from 2021
to 2030 contributing to climate action to meet commitments under the Paris Agreement and
amending Regulation (EU) No 525/2013.

e (EU)517/2014: Regulation (EU) No 517/2014 of the European Parliament and of the Council
of 16 April 2014 on fluorinated greenhouse gases and repealing Regulation (EC) No 842/2006

e (EU)2015/2066: Commission Implementing Regulation (EU) 2015/2066 of 17 November 2015
establishing, pursuant to Regulation (EU) No 517/2014 of the European Parliament and of the
Council, minimum requirements and the conditions for mutual recognition for the certification of
natural persons carrying out installation, servicing, maintenance, repair or decommissioning of
electrical switchgear containing fluorinated greenhouse gases or recovery of fluorinated
greenhouse gases from stationary electrical switchgear.

Protection
All installed protection relays will be type tested according to:?

IEC 60255-25: 2000, IEC 61000-4-6: 2006, ENV 50204: 1995, IEC 60255-22-2: 2008, IEC 61000-4-
2:2001, IEEE C37.90.3: 2001, IEC 60255-22-4: 2008, IEC 61000-4-4: 2004, IEC 61000-4-8: 2001, IEC
60255-11: 1979, IEC 61000-4-11: 2004, IEC 61000-4-29: 2000, IEC 60255-22-3: 2000, IEC 61000-4-
3:2006, IEEE C37.90.2: 2004, IEC 60255-22-5: 2002, IEC 61000-4-5: 2005, IEC 60255-22-1 — 2007, IEEE
C37.90.1: 2002 TT-2224, IEC 60068-2-30, IEC 60068-2-78: 2001, IEC 60068-2-2: 2007, IEC 60529:
2001, IEC 60255-21-1: 1988, IEC 60255-21-2: 1988, IEC 60255-21-3: 1993, IEC 60255-5: 2000, IEEE
C37.90:2005, IEC 60255-5: 2000, and adhere to the protection relay accuracy defined in IEC 60255-3
and -6.

Harmonics

® The Namibia Electricity Supply Industry, Quality of Supply and Service Standards, Quality of
Supply Standard, Release 1:2004 defines the general standards applicable for harmonics and
the limits thereof in Namibia.

® The IEEE-519-1992 standard may serve as a general guideline for the resolution of harmonic
voltage problems.

2 NamPower Renewable Energy Plants and other Embedded Generation Amendment to the Transmission
Connection Agreement: “Technical Guidelines for Transmission integration”, Version 12, April 2019
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Metering

®  Quality of Supply Metering: The Namibia Electricity Supply Industry, Quality of Supply and
Service Standards, Quality of Supply Standard, Release 1:2004.

Revenue Metering

® The Transmission Grid Code published in accordance with the provisions of the Act in the
Government Gazette of the Republic of Namibia by the Electricity Control Board: No.561 of
2018. Herein referred to as the “Transmission Grid Code”.

® The Distribution Grid Code published in accordance with the provisions of the Act in the
Government Gazette of the Republic of Namibia by the Electricity Control Board: No.560 of
2018. Herein referred to as the “Distribution Grid Code”.

Page 88 of 89



Appendix 10 — Reference Section Final RE Grid Code

APPENDIX 10 — REFERENCE SECTION

[1]

[2]

(3]

(4]

(5]
[6]

[7]
(8]
[9]
[10]

[11]

[12]

The Transmission Grid Code published in accordance of the provisions of the Act in the
Government Gazette of the Republic by the Electricity Control Board: No.561 of 2018. Herein
referred to as the “Transmission Grid Code”

The Distribution Grid Code published in accordance of the provisions of the Act in the
Government Gazette of the Republic by the Electricity Control Board: No.560 of 2018. Herein
referred to as the “Distribution Grid Code”

The Namibia Electricity Supply Industry, Quality of Supply and Service Standards, Quality of
Supply Standard, Release 1:2019. Herein referred to as the “QoSS or QoSSS”.

The NamPower Renewable, Energy Plants and other Embedded Generation, Amendment to
the Transmission Connection Agreement: Technical Guidelines for Transmission Integration,
Version 12, April 2019. Herein referred to as “NamPower, 2019”

The Modified Single Buyer Market Rules (Draft), Version 1.0, September 2019

Grid Connection Code for Renewable Power Plants (RPPs) Connected to the Electricity
Transmission System (Ts) or the Distribution System (Ds) In South Africa, Version 9, July 2016.
Herein referred to as “SAGC, 2016”
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